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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
|ncorporated herein by reference. Field of the

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

applicati and ifically,. to th nt.hesi s
of bone-r ﬁw thesiye chﬁ%‘giﬁ”ﬂm‘? xbé)mgglit? i“.ﬁ'&”af
Background of the Invention 10 Vertebrate bone is a
CONpPOSififg r%ﬁédu%h agfm&ﬁfed HEn{ BTG, shybAK%aARAkpSIRation no,
col | agen, a a variety o Ro agenous proteins, as
weld V4R ifidetll Ad gasidl 2, éZ@ﬂ%r‘élntelmed: kentete rof edlrialt @rdywerporated
3{% be ro essed into an inplantable biomaterial,

ﬁe“%\ S®fifograft, for example, by removing the
cells, IeaV|ng behlnd the extracellular matrix. The
processed bone bi omat ergial of @he i ¥Atignvari ety of 15
properties, depending Upon the specific processes and
t r eat meHS inyspIiPR PER@NS o tlamaynth@ys Pf}é@ﬁlb@“ﬂ@t I@ateﬂals for use in

Crb 13 é E' 110%1?1085 ag hl%o € cahy 30% XVIS 61'}6—1]elshforced
ﬂ) ﬁ @ ll.) rPe erl\/l lk}) ]{Ier I a

bq)oﬂmﬂ@ﬁﬁﬁﬁd cbﬂipos1te@ad bearing mineralized gr afts

that support and integrate with the patient's bone or

may alternatively be_  processed |nto soft nol dabl e or

f1l owabl e demi neral i ZBackggpundobthelpyention { nat have 20

the abiVidbrdObbAINGS opoShd Hlla?ehah&ﬁﬁ;sd@ed bemRsRe BydrdRPapatite,
use of bone grafts and Bone substitute materials 1n
ormﬂagmldiandned\'rariietye of |1mnmlllagek¢usv\protei\n3 | & boteasvgmbddded and

ca I, t the formation .of scar i ssye .

F PpbER e s e Shate JPr S aF Crrk B TaRiplgtipRRomaterial,
t'sﬁ@hta@ El?adllogfixlﬁ”fﬂﬂ binple, Byhecrh®nRg ithe WaRb) Ralg behind the
support physiol ogi c | oading. "Metal pins, screws, and
mexkeeclbramatrix: eq‘ﬂlemmrgceﬁs;ﬂsiub@@@ biemateptlacen thewe a varicty of
nechaen :ig::sfa :dg% Cr%gl gqn ¥ HC edo(g:?c]éésrég d lt_}%? men% zitprf)?teglto it, and

| TTﬁil}aiﬁESrpﬁﬁﬁe 6mwtérlst1bﬂoﬂ@fﬁéﬂﬂﬁﬁh@teﬁ@l@@w&eﬂﬁichyt lcomibthed. For
t he m‘EI ant site due to stress shielding
FurerBiorbpRe-derisied Ibiomprrss sayrhe m@(feﬁ@ﬁﬁlelﬁto lgadrbesring wineralized

t ong Ma?'sﬁﬁﬁ& 'aﬂd integrate with the patient’s bone or may alternatively be

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

the ability to induce a cellular healing response.

The use of bone grafts and bone substitute materials in orthopedic medicine
is well known. While bone wounds can regenerate without the formation of scar
tissue, fractures and other orthopedic injuries take a long time to heal, during which
the bone is unable to support physiologic loading. Metal pins, screws, and meshes
arc frequently required to replace the mechanical functions of injured bone.
However, metal is significantly stiffer than bone. Use of metal implants may result
in decreased bone density around the implant site due to stress shielding.
Furthermore, metal implants are permanent and unable to participate in

physiological remodeling.



10

15

20

25

30

physi ol ogi cal renodeling. 2 Bone's cellular healing
processes, using bone tissue formation by ostobl ast
cells coordinated with bone and graft resorption by
osteoclast cells, permt bone grafts and certain bone
substitute materials to renodel into endogenous bone
that is al nost |nd|st|ngU|shabﬁ% fron1the origi nal .
However, the rafts

e | atee gt e B8 Bl Rt et thng (e rutpg By ostobas

oRkilgcasrdinidd Witk b Chaniaf reSdrpRObY Afdclabecells, permit bone
resorption rate. Bone substitute materials and bone

clarpls andecegiginchang substisuieIraaenals toremnsiel intererilogereus bone that is
C ’

bo@éb%r am% gﬁgg#&g !fp%gg{) ﬁ%h?/rsl, lﬂfﬂ cgfe%]{‘ rﬂégglés ng%one grafls 1s
r diimice] bysthewdvyiilable ShapPahé RizeNd. grﬁts&ﬁlﬁ thé desife, t33ii)t1ﬁﬁ9¢ both the
6, 294,041, 6,123,731, 5,899,939, 10 6,478, 82

6, mesbaniaal steggthsangh egresorpfip ratsn: Bemre swstifnte n@fte%s awd bone
st 5 ce PPRE HERoa ] Bl el L EURRGF proRE fBBical swpport. In
bcmatr:m,rcomicml bond grafis beesupport phydiap gldalostlapq@b butatemodsl slowly.

bone. r 478t BRgatNoo speiB2stas iy GoEPdlly me128.73hg 899939,

ofg, 4%25”%%&@%41405}% 5907 813 hRe BBAtEA JTRIIESE Rhich kPt incorporated
Summry the Ihvention In one aspect, the invention

i sheesnnrby Incfdreote plesaibes mythwds dmreprppﬂrmgeqompoelmqsosqﬂuémg allogenic

T SR 5 of IR bR opeRl Suficafin ot o deigpis to inorease the

p%fr% T%tl‘l%b\ﬁhé FeisfoRRH BRI o iR by ifétkasiitthe Qr¥i@h iof tHidinteractions
e bone part| cles may be demineralized,

ndﬁ&éﬁhﬁﬁ@ﬁ@l‘ﬁma .or a mxture of both 20

dem neral i zed and nondem neralized bone particles. The
bone particles nmay bey, ohtal DeG ot or nore of
cortical bone, cancel%uvg%'ne—cm-%-ui—w cancel | ous

bone. I|In @ttdaspeot), the hevamuncs ofméthed dnaodwynd a bone -polymer
aut ogenous, _al | ogeni xenog nic conb tion

o SSE.  Hito T GOmARAFS 0 HiHSoMe PESGIRE o IAly OF bone

t 0,
s iy A

ont | Theddmanattwlesabqube doainefaligdre npladetmmerehzadayr bmixture of both

L LU M T

atdb?a@ﬁb@ld frbf bR oP e RAT dorGd 8 Dond, h@an%bl'l(ﬁ{éebcﬁl@u Rbitid8-cancellous
g}p i ncl udes an actlveﬁgroup that is incorporated

oet eadditigndhe sadcqehibabone ey be autogenous, a logenic, 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
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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 nation of the above 3 may be attached to the
bone particles either directly o¥ through the sil ane
d,to..the

cougy bs%{t?c@q%ggo ﬁ}éey addﬁ%?%g;%{r] ggg&. q thlr Lkg% the Jilant coupling

POdgfe N InZRIditRin€ Biél 1B BlctyCdddell ik B BongpRttR1RYmeP¥aiRBipdRited into
noncoval ent interactions. I n anot her enbodi nent,

c oh¢ aglmerized precutsor prelinkigdftheretodfy ctqvélebbwen(pﬁPvalenteeteractlon&

cross(ﬁ%na§§a) H% %8lé§%ecéF%a en qﬁx%efgfﬁ§y8§m95mﬁcmeﬂe

desxipusddi ZEi Mﬂlh@erﬁfiber@ l’ﬁliyﬂfeuﬂr@ed&)r <ok llinked. e’ChId: expoaed collagen
bi gpactive_ag non-bi ol ogically active nateria
anf b%m@ahﬁ@eﬁﬁ%t&efiawh 3 bigmpdecyle, aéﬁl@dﬁ@@ﬂ%rﬁo‘?lﬁ%&tws&gem a

phos L‘ﬁgﬁ’%&gg ga%AP%gﬂnaglt [ veFﬂwg;ﬁ]k]"S qutEeé{ng?fxﬁ %: egasl or sothe

nmpnﬁ&nzﬂmatcﬁ'dhmet Hl"l'(ehbomcpajnmies miag calroslsr whsfedrie phOsphoric acid.

é@%r’étg‘f@ AR bR 5%‘36% ot geted i GGl apepursor before
' rﬁeﬁ{%ﬁédrﬁl’nﬁéd %Irﬂhuzﬂa',t‘é& (ﬁfanttlt@'eofqﬂi‘ﬁn&aﬁljeélﬁkcﬁs ﬂ?gléagea portion of

infiltrated with ol ymer precursor. The

prtbe wassolar na@rnftcrsmtmi sb’u@d@g)fahl@bdnrw poarticles may be 1nﬁ1trated with the
non- bi ode radable pol ymer or copol ymer or a copol ynmer

of PUYBIRIFHBI e and non- bi odegradabl e 15 pol ymer s.

The m Xty @ ogf&e&hﬁe@fr&ﬁum oA da tgieBaidableast heh-Bfodegradable
may be placed in a nold betore polynerization or after

pd?c’}ﬁ‘é?fl PRI YmEs Obcfe gopalamer of hivdegesdable anse non-biodegradable
pr e‘fﬁ]{xgr f "Ith%orﬁ% rle eotf?%)é/ 1%8u1¥gxp Mdz f%g boA‘L. tp?{%ﬂ:?e:]slr}{%} ¥e placed in a

ure precur sor

p anbidhessre r]ﬁi’yﬂi’ﬁzﬂhﬁ@ @d aﬂ:élr polyineitAioh ek theehethned but before the
ymeri zation or_ after the pol precursQr has been

Banrt:quaqiqryls pemleelyzeelymerizety e%é“@r%@d’r ditsh nixtueee af) heo polymer
efﬁ{g&ﬂ{:m‘ Qith! weatb'oﬁé] paﬁ’ﬁ«ﬁéﬁ? %ﬁ'e [31%9& it fn arﬁosne before

ance the infiltratio yner precur into
t ®lpoaezapan tarczif&s theApnslgnnfeﬁpeecufsot hes bemppaahnléy prahynimzed In
rmdifieg?f?fter meri zation, fF exa ortion d
of OTEL EMERHSEL Yf’éi}} O 2Pl PRt HfilERtO e PTE P"er c?&g‘%@ héle used to
A erBhRIRhE il fatic B the ﬂ&?ﬁ%ﬁf}l‘%cuﬁbﬂﬁﬁf th¥ 8o Hicle®"

some conbi nation of the above 25 may be retai ned on
t he surAamlefapmsxf ¢hel cotnpomtq maydod maashiied afttre polyirgaizatom.  For

preé(&lé]lp qu %8%9)% 8@211 %%: hgy did ogl%izrég,c %{cﬂgﬁj 6rntrc9ug?mned A
biomolecule, small molecule, bioactive agent, or some combination of the above
may be retained on the surface instead of or in addition to the oxidation or
roughening. The composite may be machined into a predetermined shape following
polymerization. A plurality of machined pieces may be fastened together, for
example, with an adhesive, a mechanical fastener, ultrasonic bonding, or some
combination of the above. In an alternative embodiment, the composite may be
machined into particles and compressed to form an osteoimplant. The compressive

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

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

%&I’% B be{n\l\ggr %%ng%]% ‘%Beog}f{g’rr%%fgtﬁ&%lbg%% E%'BCJSEE Qfe a void

| Nyolife ﬁﬂbg@ht@?ﬂ{an 106 BOORS esMessaHestdrBpdae tplaﬁic% may be
are a void volune not greater than 32% Before

cowprharad with a hiecewnpése bindsar filler) Sbermplesyeizer bigstatisg biocidal
aggrtltr smfgc%o R/%Satbgaﬁt %' %glewlg %Alfﬁf mol%c*ﬁ?er ’ba?actlve agent, or any

Cl zer, i OCl da agen

aaiomwna@ﬁnif thbi abood. eCItHeeconspmité pﬁﬂioﬁa@uﬂney alyoolaa:fommd into an
agent, or any 5 corrbl nation of the abqve

c d’r”rl%f‘ﬁéml?]én‘p‘é% peklaynens &) algmasve spbediment, oat i?@st a portion of the
gstnfgﬁgﬂogﬁ’é %rﬁea@i th&le gé’ﬂsfgl?% fltloﬂh%? pt%h}éﬁérmsv €The at. least partially

ment | east conposite
haatled domp@sﬂteem]ag baplalced at anvibripddnt pind hefere dooting.. The at
| east ed conp osite naﬁ he placed in

arti
i mpl anﬁ“sqnf’ a’eﬁé‘m&?’é t[?%b‘?‘ieﬂﬂ D 1,2 SABPREHOR SPREPFISING P al“rahty of

| Ti@Bt RIS a@adCQIHé%%hér' 19[%019%@%13 'efﬂﬂnﬁlepla%ﬁhéﬂlé‘r Qhepolymer,
10 bone particles, a pol ymer precursor,

eﬁmbée p@lymsn Wﬂlaﬂvepwwwmed bncfdompabble ppbmwewhemn at least

parit)oerg %fﬁl %C?%ré)aﬁt? ?sb%,r%CO % gﬁqc?lg%i icgﬁgr%o ymer precursor or,
c it @Mrhén@ﬁlgaﬁ)hﬁélp&lgnkﬁge@ﬁﬂlyzw feE@EaH sor or,

after polynerizing, to the polynerlzed pol ymer

precursor. Brief Descrlgthn.of the Drawi ng 15 The
i nvention is descri DEhe severa
figure I [ re.l
S‘1"}ft}:f orw%ﬁtloﬁj 19\’311 Ekg'lsl’)eh ”w}%‘ &fk'rer{f:'e% fhe &v‘eﬁﬂ aﬁ%JIres of the

schemati C I ncorporating a che
nadrewing, onwlaichone particle into a pol yner accordlng to
an exenpl ary. enbodi nent. og t he tion;

ve . .
Fi gur e FIBYY %Iss%r»féﬁﬁlﬁrleo ?Woamgthogﬁep %?W@Faﬂf%ﬁ cgglalqahmmety
areX %Hé ‘i’:‘éﬁwlee m:e& Q4 ,tsa;%epscaonﬁng Y SRt dxemphed 'eﬁiHoklﬁHe‘nt of the

"Bi onpl ecul es fm " bl onplecul es,” as used
hsn'earm,onrafders to cI asses of nol ecul es (e

20 PO el g 810,861 5,0, RER! L5108 RS 89858 . excmplay

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 et hods). For exand e, bi onol ecul es

RS S Sk ehepirEn dactots RPRUSE. teselieeDpRG toxins
Mgt hRhS, rﬁ:léﬁgrg@ss anti-seiRWobnib, 34sai8s, ANUA ChRIMEACE i C

factor S, ant | di esS, Vvaccl nes, hapt ens, t oXi ns,
i nterf é‘Bmmmpatwy ke teamt‘ibl@@nm@tlblg rﬁSsusefblhals@m thsintended to

ieseButrais “Pod s BB HheR dr xPect RoLiduss ygesirable ong term

d%ﬁ@&ﬂsbe materials, upon adm nistration in vivo, do
not i nduce undesirabl e |on term 5 effects.
" Bj odegBa@mgr@dablﬁs A5 agedh Bersimy “biogpgradahleqmpiesials are materials

n'%zﬁrh ad ca%dgiah)zl& 1810 1cat %dﬁi%gg at(aef ec{ tpﬁO(%uct tha can be

YSI O orma pro

rr&ﬁtﬂﬂidlizé@ dr excrexd Iwéﬂhedt duinidge ub of@ﬁagﬁlddegmdgjﬂa matenals are not
Blodegradable materials are n { necessar i

hW&?Q‘?F%ﬂ ly duydrqlytieadiy adegsdablen anchaBRYr BGHITE eené%@%iﬁa@méon to fully
ﬁﬁet OB{fﬂle%de” gﬁ&%ﬁﬂ? 18 Qi eagﬁ@nﬁlsnﬁlta?rai@lbﬁaken down

als I nclu at are oken down wth
cevitlan célM neral ": As used herein, a "mneral" is a

naturally. occyrr rgani g, solgd havi ng.a def

cryst al Mingg tur‘g g?ﬁﬁlnléﬁ% e BUFCTo 4 adiafyr Pﬁ%’lrmﬁ%i}wrgamc
boli@AAGIng d¥bddahial amdt&ecgﬂp@%hémm c&thpdition that may be
naturally occurring'solid el enent

" Ry hgion ¥ hmaltle theils' conmltmncomn:ﬂuraily pccurnng solid element.

g lu IC |g g P‘g’c Lv(ei’li%taieoﬁgf ”Tgﬁ P(t‘glg% Hsélrtledo{) IO Or\é n‘%ﬁé&lﬁ[&l&ﬁide" The terms

pobyRAbcledtideTUChedticdasid, " Thae ‘tcﬂlrgaﬁucimidwmr@otd dae p,olymer of
'nucleic acid", and ollgonucleotlde

i nueleetidangedbe yermmy fpdsmucjeotide’n o fnyisleiq é%!fll =d@ndc %‘ﬁqné‘é@onde”

at t

least thr
Py et R o el B A GHOS Pl st e
numbl&oﬁd@es DN A€ and RIAS sArd polynhykoidase, Thegobsheremay include
cytidine, uridine, deoxyadengsine, deoxythymdin

dé’@%&”@ua%@ﬂées dht qEsRORYEi dhmuine, @jaaed taecytlfine uridine,
a%h%e&&1& ’degx wﬁﬂgze ReS { an%n{eh 'aﬂ& SR f8ine), nucleoside

i nosine, pyrrolo-pyr met hyl  adenosi ne,
C@UF’]‘OQM(HEJ C%fmmoaéﬁ;nﬁe,pﬁﬂmpﬁwhudmd; mosine, pyrrolo-pynmldlne 3-

@nﬁ%ﬁﬁoﬁ%lrﬁ?nQS Cp?o}{ylélgf} %rgh,gl(ﬂﬁgropynylun 1ne c&g'] gfomourldme

C5-fluorouridine, C5-10douridine, 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).

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

EE AN 11

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 deoxyrlbose

ar abi nose, and hexose), or nDdlfﬁed phosphat e groups

| i SR R R ROC. it S SRR cpgptiae, and

ACesteinNamb b h@etﬂhﬁb‘iﬁfﬁhgédﬁﬂ@e NPépdide may refRlty BB RAditiual peptide
‘peptide," or "protein" conprises a string of at |east

t Hrdeolasting of peptidass Invankise pmigt@ﬁ peaferphly septairenly sa@sal amino
Ttﬁ%l({ge{llﬁﬁ)ugﬁ Bb%fﬂﬁﬁ%él%m% F&ﬁ? E %oaqgﬁﬂgds thBY & I?n%trbccur in nature

erc refer
| ﬂﬂlltvt}ﬂtlaianpeybt hriiﬁrpc@ﬁtea ﬁmd’ I @del?pbpﬁlﬁe pelpahm dase, for example,
ven ive peptides preferably contain_on]ly nat
%two’ W48 caligchiidi hdadsp gt Hpctegs, ehigh dd%})lfws gructures of

Cq{m%ﬂﬂﬁ dhiab élglqls [ﬂ% hQ*?& éen sﬂc&ggfﬁfl imoffbratbd ﬁ#t% r?’lﬁﬁtmnal ion

be incorporated into a aln; see,
exhamieds) ankil.’ctrmmmwmdcml@leselm kedwh in the art may alternatively be

-dad pi.unn tstruct i ch.displays structures
SRR AR b SE nftt of MR SirperBlsat e Bseye peyide may be
I NREIiREd, %19 gxd.rﬂﬁl@ by MRtddanmn dfOJ‘cheﬁhé‘a[l ra%h%) sﬁgcﬂs%carbohydrate

am no aci d anal 0gs as are known in the art
al grewm atphesphatehgrouprpfamesyll. grols,an isefernesyl rgmoup, effattshacid group,

oD for ke P B Lo R PRty e preferred
er&ﬁﬂoﬁlrﬁéiﬁhtlﬁsmadﬁ@ﬁthﬁfQYGFtﬂ& PepBdcOLEad t8 aPmesdiable peptide (e.g.,
group, a farnesylﬂgr an isof arnesyl grou a fatt

er

a@r@ptgr balflife dn v 6%¢ awdjliggiienomay include cychzatlony of the
flc
Erié; gfgal hﬁﬁ“@o dﬂrongz{f [9—%1 gﬁo n%ﬁgﬁi%, Ielé:ca?*%%;of t?n[a ?%odlﬁca"ﬁons should
pespbstaimaﬂlganitetfereamﬂome dstiedd tdoloejetl abeivite ogth.e pegu@at er
hal f-life in VIV&G These nmodifj cations may includ
cycl i zat |°3ﬁa€’ﬁ ar alS%’é}ﬁhyééatet her i HE‘S?%?GF%‘?% of f The terms

my@&cﬂ&ﬁ(ﬁ,&? “(,ecﬁ'lfu hene B «d1 ﬂéﬁde g&fgl & ogaghﬁ:efjof sugars.

stantlal i nter ere ‘'Wtht eS|re
adfhevﬁerr;ls Cff)oltykmschmrpiei ,d‘écarbdhl?dfayfs ‘acod avligeshccharide”, may be used

B AEREL Epical B s PEdS ComPAGE, 0GR e Fgs. The

reﬁo%ﬁnéromﬁ Hﬂélﬁﬂ'@haﬁﬁal%ﬁgﬁ%s(e g Tg‘lﬁcc‘is%r fRictose, galactose, mannose,
‘pol ysacchari de" car bohydrate", and

" giratyussac chhasd, card, xylase) bad{nsentodified | sugarscleang@aBingroribose, 2'-
Typi cal.l ol ccharide conprises at |east three
s&§3¥%ﬂ“¥%émsgﬁ %ﬁ? may include natural sugars (e.g.,
gl UCOSE,SIﬁﬂ]UﬁidD&QIe”galAQQIs@@ Bercif TAO @M “ahdDhiddsRle” is used to

ri bose, and xyl ose) and/or modi fi ed sugars (e.g.
o'refer l}gr@pleg@éé 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 nol ecul es are hononeric and have a

| ecul ar weight of |e t han about 1500 [ .
b pBhroB R o Ginaishi achEd of PO of G Ary s prigs for puman use
t higdted B FOA WA 1| OFaR. §3033053, B¢ Ahreug 8€C tand 340 through 460;
animal s, preferably manmal s, nore preferably human

S.
| ndregs &fr Yeasninapy ase lisied tanthe dilinder 2h&-Edal§§ 500 through 589,
noj e drug., er 2 n .
notEathfraetylby e il ¥ QR Pbg for g n accordance
deeftk thesatenahigestidrect i ve for use 7 by the

appropriate governnent al %gelg%:;y or body. For exa

- E}) | | e’
drugs f OPIOREHEAgRIES™: |ASY Siph bipshiva gents21s esed 1R refer to
33 L 6. 2 A4 . ) )
o oh PRI Qi AR g fOfological or

50¢hethicad egént&8Bor exangie, (hivaatied agemtemnay eludef buteare @pt limited to,
are al h% onsi dered accept abl e@f or use j.n accordance 5

wi FR-f p?@é@ﬁ?esi APEAENGH . Subsfagges | YWIbIRJIesy Jmmuggsuppressants,
USH-1i8d] &uBstanddl O MECINRBRADESS Inclflits Bt k&t KBited td Brotease and
conpounds or entitiés that alfer, inhibit, activate,
orrepehe tahswipddst gohibbprs| depiarainhayitors; emiraaxingvemeoids, hypnotics,

iR, RSB0 e BB, st Sl ana
SURH Pk BSon adtbkiah@s! Cahti-spASHcASs Hnde afRbleS codtbactants  including
anti-viral substances, enzyne inhibitors, including

buthapoel [hlegkersd miotinsotands entirhiolinasgies.s enfirglpiremapt eesepounds,
in .S, on. i or r.o OR} QlL.fs
bR a5l Bt PP S rs Bt efiracaue
t riangik Intetedtions anéludia@roelll gramils inlifbisers eandedrixadhesionndolecules,
anti - Par ki nson substances, anti-spasnodics and nuscl e

c oYﬁSP‘é‘&ﬁéilﬁt s3HE u dlinh"@.it%sh afhelDMAocKENA A otfrel§ing ngynthesis,
ant i eRHEAGT Y CSanafiibics, 9! %HE?J tféf’,”p‘%{%iﬁal 13nd  non-steroidal
anti -pdrasite and/ or” ant’i - protozoal’ conpounds,

noxhti-aflamsnandryc ebgentst r atehigibgenic nebetors, | rinGrsacietoops factors,

i ncludi ng cell rowt h. i nhibji.tors and,anti - adhesi on .
ot WeapaRants s | S HEMEGHG 5o n AR oFESBELERACPhthalmics.

RNAoQhgBh@hE! MnfYRpReSInS, aRfpkydiMRET LERBINKES . anti-emetics, and
anal gesics, anti-pyretics, steroidal and non-steroidal

animagingf dgensalnor seriatyepreferred enribodimaings drd kjodctive egent is a drug.

o R e s P RO RSl e
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 Pharn&ceutlcal Subst ances:
25 Synt hes
and Jur gen=£ S L relern el 1w
" Mer ck Tl’ﬂ:d%enﬁﬁh EJ‘QYIE&‘HQ@‘JHfas fh -pol¥é8 Tomposite b
and Bi ol ogi cal s", Edited by Sggaﬁg%u 5§SF§GPOI % cgc Y
Prlgtpgratmggﬁyongnwlthhéhe UpolymdriSt miatx  at the time of synthesis or

Phar,maco /hbtl nuj. ary-2 I| h b

PR EERG0R B0 hE oRAfire o apdties e drmtiity i Joimpicces of
Rq&’é&tttéﬂnﬁné@mza QRd , corlbined§ withithé) négnemes Owhich Gif; nl@dfnap@l@menzed
herein by reference, 8 Detailed Description of

CeFhaapelymerzed ¢ppasits sevnhvsed Trangdigfelitar gpay ke farther processed
t’fglqn % 0§t¥:E e§ﬁtz ILﬂ%{lE 691%8? IIR??I yar@{e &ﬂ%?cﬁi 53 o;Mhe surface of

|ntegrat|ng meric ma P The t
of the pohdipartisleo(e.g. plnxhyermmczﬁz,l Elgumfl A)heirgoippraed m’d'mﬂae backbone

bone iis processed tQ forn1 ieces of _.a 5,pr.edeterm ne
o okl NE [ ErPol s PO ARS LIPS FRfeqampie, X may
p%é’ﬂ?&dt&@%m IpWe&tHﬁéﬂﬂWs&l 8?@@&%31'}49 may be used

i medi ately o e further processed to form an _
ost eoi rﬁilheanompdmteomlétlenimadmtmnmayasemraean e dlongrwmbgtitxteomaterial,

papyidpa ey, et Riing tblaB §rehfetls patgRafsr a whole bone

ba&kpﬂﬂfd 2f coROEMER schr@ oD PYAE deBlvEd QaRRIS R dbe in producing
during polynerization. For exanple, X may 10 be an

aCQS'l@engl‘aDUFp fer grample, wsig dhe §¢qhamews3 of mugpogimorgy owned U.S.

s %aé?rﬁ?ﬁ) gfl SZ,Ih 6 Zbgygc a s t lﬁgr \ér al??‘ tgch?ﬁ)cﬁlt%s that exploit

be@jﬂeﬁﬁrﬂdml egttnetpmicﬂéﬂ a6 fopalpaks hwiilable ifr saapmmhels convenient
bone, _or_ provide a convenient source of bone deriyved

pattusefud sithes formachming inse piacrgo! e Feweqhsizs and shapg for fashioning

SRR g8 19 YL I @0 o
5, inOdhtibh3erablt dnegpartiden fomuasy sduate enpbDarty staened shape, to be
PR BaELb) S B BESHEL ol B s o

mat‘ﬁ@ 'thE‘? arti Ple® sRIUES BS o@fmfz@@ ac‘:‘c%fchﬁﬁ to Svéal BREbrs hAREding but not
for fashioning into an inplant or for use in

| olwditbd do ithg segephnd aha}mnef tlﬂéh émplasty rthq iesirest degredation rate the
| wenthon, enable BOnS, DALl Gl e Indh oA Brop@HES St BkkuRlounding

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 nechanical strength, nmodul u8, and ot her

chani cal .properties .of. the,surtoundi.ng. tissue, the
SRR WRLORER, bR BT BT PIRbRier 158 iesiPEtho bone
| npRficled. IFRpsclyd bt folRed Ibg BHlif® WhdieNBortd ®Sp@duce fibers, chipping
Preparati on of bone The bone particles enployed in the
pr*@g@lﬁ atngn coftinghwhplsnbonsarfracturing adatcabanhgn liquid nitrogen, or
co 1] Qr.: ' . L cal., lious,
gt Yhiaale 30 BREHiCHETRaRER: Xah, oSiRRGRY 6 Sieved 1o
ausrodwrequasticled dfagpeeificaizd/ or xenogcnei c 30 ori gin.
Preferably, the bone particles are obtained from
cor ti calbbAge @ﬁrtgiqs(aaewweé & it sompesiiph can R Beviered bone
b : eul.apk ynpes . of X g '
o PRITES pPECARY pobide AALETIRARUR SR CRnp s SORIRMAIEL fine
c ambyrdeat ioorvaess gsains ambevenrlatghectipndn opaembodiesnt, powdered bone

Partjcles are fornmed by mllin ol e bone roduc
e BT R NFBPL PR e, SRh GRS BoRent 12 mm and
f I fsbddh IaRCavehial anbARE 1dndtt tPedial! thicRESR ra®$ of from about 1:1 to
otherwi se disintegrating the bone tissue. Particles

c abogpBilobiaddsiredeposidsvasidbans pastigdesoeancles praded bite difffrent sizes to
speci fic size . The.bone. ti.cl.es l oyed .in th

cosptset 4 il opE 1558 e Rly 91 of ARl Wil playbegraggnt. As
a prtiged afgnef badidel ehelld] ZIRs Wal Glongitut® Medseloattiev @leghanical
fine owders to coarse grains and even | arger, chips.

| etsneharterimRm s oatmpERsHaie. Sils e cPabinatian pkhefis powder
i Ver ' ' f - t

e PR EANch FefuRl e ABTHELPYonD 1t i} R ooprepare the
t hingitare ad relitiigated sHapo romsiaitts dn thd boneaiseif] sided thel golymer may

desi red, powdered bone particles can be graded into

di srepldad ndp 2 desired shapgyuce or eliminate any | ess

desi r abh feSi ) Wo ERNY ¥ der. b
he partanetRtpandh cBRbAOPHIUINE NorRerBnR] SR Yovder, bone
c grarti¢lergenckalschiamctdrizedms kbmigetal and giossmging ralfitivdie high median

o Bu o B BRES o5t hoi S R e an
anRURhdity oB@NRAHAdny éne GO ERD miethdds SRAT Bytrﬁ'ﬂflingbor shaving the
i npl ant "and el i mnates shape constraintsS on the bone o

i tsefage of ian eatitenkonsodtyreativakyylardseseniadrd et bomg. draploying a milling

det%c':ﬂn?c?ue? QS‘Q &n obtain a mass of elongate bone particles containing, for example,

at least about 60 weight percent of elongate bone particles possessing a median
length of from about 2 to about 200 mm or more, a median thickness of from about
0.05 to about 2 mm, and a median width of from about 1 mm to about 20 mm. Such
elongate bone particles can possess a median length to median thickness ratio of at
least about 50:1 up to about 500:1 or more and a median length to median width
ratio of from about 10:1 and about 200:1. The milling process may be optimized to
adjust the size of the bone particles and the size distribution. The mechanical

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

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

II| or shayi t he rfac n entire bo
o7 oy aRipeRt Bl e ciaiPun 3PS ot ealinnaficniis, 4 of bone
m partiflgs ufi BEININUE cofPpBsitAMBLHRIght PeldBftSoedhed! PREAALIB%, e.g,
bone particles containing, for exanple, at |east

abdheut 6@ 5Ueiabput %é%/embowf 5 leViyﬁrg@tt aé)Obb?ﬁe%ézr mag be gsed.

possess b

Do0" o BPetnE: FRCkfle 55 TRRinD, dindal BB Wraly uscrul
t ofol pRétles 3f Bdhe i chpatonEduANOWntth thfan;,fth Oi tAb Gidhe bratdksing mill
to_about 20 mm Such el oggat e bone g)artl cl es can

po@%@lze alméemawn IYepgtgned ) e dith N -np,6R1EEY thatengirgeontents of
at

mohisE R iR Herd 0 RRHGe, RS s BBEE piTiofits in the
10prbdmtnbnah‘donhg,2ﬁﬁ shpsT\hlachnqhickhgcwr ogthsiseety pln@vide tubular-like
optim zed to just the size of the bone ttic
antPreHRRNglss, 1 gg%‘?frﬁlab%??%ﬂ‘? W%@ﬁ%ﬁ%g? radpd aﬁa@rﬁefﬂnt sizes
el @%E&&e@@}ihlﬁate %}ﬁleﬁméﬁ‘ﬁ 10B¥e@f of' ﬁﬁ’tlélgp{wﬁﬂ:ﬁ rﬁ;ﬂﬂo@ﬁresem In
tailored by adjusting 10 e wei ght percent of the

vasveall apprapese, ebogrgatbene pantmlaslqahdteedesetlbe® apffildnoengs, fibers,

article tilized .t he conposite. Any wei ght
p ﬁ%ﬁf‘ Ee@aﬁ’/!e%rlﬁlzapo&; rRH 6% g’pg ! about y1 ZIS&; about
26 50% TROBYe pdrtiéRYoardbpahialy déRIAIzcBH dEordmeE- with known

Anot her procedure for obtaining el ongate bone

paind eoreentiprzal mr@«zﬂdarqSymucsréﬁm fo rglucerthejr deerganje rpigaeal content.

OfDQ&ne?ah%Q (yrf n‘?e%) v etﬂg 190 n’fic H%epa?rb%méagnﬂ]t of bone by
processi ng m d%scrl ed 1h Co Tonly assi

Pagmplbingacki0sbl @ ffhs. Suvh rﬁﬂhbdﬁre Wl@ﬂmlﬂil tha\lmm Cd&e a'direexample
|ncor orated herein by refer

ddi.oef 4l £roq Nafedcdst <§dUc1978n 6%f16@b|11605atth? ﬁonst?l‘rt? g€ which are

h t
A 0B B Sy A i e ot
c aorizepapticeteahd the duthitivh exf el dfﬁhme&hiﬂldnctrﬂfaaﬂeIﬁemdirdetermme the

elimnate any | ess desuables rti Ie )
vm‘?’ﬁﬂltr?éﬁle eﬁq,lggg?ﬂ Raferenes ig t s|rggi'%% f)[rf‘a"é‘PQmWSkl

boge,pay thSrlw@cf Mafr PResderpisl Bed3gssh, |tﬁg%8ﬁt%ntsfdfh§ﬁ1§h are also
t hreads, sl ender or narrow Strips, etc. The bone

panlmmpbmedalmmuﬂmyirohmnby deni neral i zed in accordance

w th known nd conventjonal procedu order to .
Mduce Trpre g BT b AR pRE B TE bond pRERS ale’subjocted o
Degrt gttt} d@ﬁﬁfe@ﬁ'ng@taﬁ QdHoWEeIBY @n abid dengh&anitioRist! Al preferred

conponent of bone
defatting/disinfectant solutlon 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 tHé demi neralization
tnen will determne the 2 t O i

aob e e Ao R mod T Boytra weightueersamy gcohol.
t OF AIRWNARE H MR g, the®ondparticlks aRl AREtsedVRALRId 0@ Sime to effect their
1996, 31: 365- g% the contents of which are also
i nftetmlpmahzzé@nh eFled ﬁClﬂyal&Oeﬂlélﬂé?ﬁ?&GetheleD& byt ksiflling wiguses, vegetative
dem n I|za ed re n

n}lcgg rg%m%m %}og? » %g cid I\éffl?ﬁ 91{1 SeP %élogéc? ? "ﬁflg steg include
bymafgaﬁm adndiam:m Qk alyi®ahlofid agided dkgmnefaeirds &dch @Speracetic acid.
defatting/disinfectant, solution is an aqueous sql uti.on
of A ﬁﬁw.lfgrrea@%mﬂ demyneraligsdpong parisies g rinsedvgth stgrilg water to

r

sarrers e aR Rl Fald 1 BEKE Teiel M o Aok irtices arc
paprefecdbds . dr@ddlﬁoare)dampleat by dyqihﬂaimiuh béfore iatoporatedOinto the
per cent . by of. water (i.e., apout 60 to about
weTgrROser &rgﬂ’g‘b@f PHLelst maﬁé’% S%%‘Hm‘g% RpFPEE cqndibRRY ‘)mtlsi they are
S hgidh brb&eri R GRingd RndvAe r&@ﬁcﬁfst éh@ﬁ{)ﬁbﬁbfg @&hblﬁ (? them with the
solution to 30 produce optimal 1ipi"d renoval
dimbmdreert i on within the shortest perlod of tlne The

referr d centr.atjon,range of efatt
g ol utio g‘f)f QBO{E'F Fg SupsHif q%’lg W@F%%tas applied to the
pew&eqiar@@s%wrs A brEsatti A REABhY aata@sttabzﬁt 9@ iveivht percent of

percent al cohol. Follow ng defatting, the bone .y
paﬂlﬁif@%nédrléoﬁgWr@wfﬂl rpoatﬁind The pheaserepargially fdegyineralized” as

t hﬁ:)é)'ilsdq tﬁ‘% l[])gneal ' 1% Ol%fer Pgﬁé gaﬁ chl Cpq}s%s%g%ﬁn talﬂgut 8 to

I'ng vi TUSGS vegela

angboap 00 edeighhGetteny\bf ﬂielrcrﬂfglm IROTRArOY edna:ral tckmalt,sir&lpthe phrase
i ncl ude 5 i norganic aC|ds such as hydrochloric acggn ,
¢q particles

andully giemineralizeds asyapplisd {9efhec Bene paewéps refgre dp
t r}ﬁﬂ&%@ﬁ% tlﬁéshﬁaﬁj &trl&erlﬂéfeﬁ%%r Ry ﬂlaﬂaa[btoht:ge%e% nBerccnt of their

st er e wat'e renove residual "a
ofor@nzd insrgartib extieénl Ccint&& T]hﬁeumhbdlﬁbab tebmrdemandralided’ as applied
are

referably dried, for exanple, by I h|I|z on, .
beiohb PORE BRISSISAUBIRTPIIER TP FEVOIHRYERG QresOMHEAigfa the Toregoing
p%égfeﬁnﬁﬁ&aﬁ)&d%%?%ﬂﬁger aseptic conditions until

théy are 10 used or sterilized using known nethods
short]| meﬂ@s @r combinatiorg aflvemonintone ofitbe abevedipes. ofﬂ@ne partlcles

S EGuISRl Fuc LR85, RYBSH B o st deminrative
\f/\gllﬂcgﬁ:f pggrctgg Efang ?et biepRSed A8 S ESHbiAsticH WigRSlonakaiteradided bone
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 na

i norganic mneral content, and the phrase "fully

demi neral i zed" as applied to thd2bone particles refers

to bon ticles ossessin han, abo

or ef o aBF PPRE PoRHE TDAGT DPRRSRG AsopBPEep bigheicqlfple. Non-

0 rd&hﬁ@hhidﬂq{(ﬁl@ 'ﬂaﬁldﬁsﬂﬁ{n@ abe @@ benelMErowiA e dste®Eonduction, in
term"dem neralized" as applied 20 to the bone

pawhllchlaésadwgnqlm baue fonbbindy & thengerdele surfacsonBicmincrglized bone
L OLERAL o,  YR05E1 R BB SR e v

t h&t@ﬁmueubxy [gsvidaéh bomtecqmaratré edcRBitedCadim ke hnmltmymlto regenerate
For exanpl e, one or nore of the foregoing ty

of
d o e B mRlant sifsn Bqb fyrice 06 Soraparbeles 45 %fﬁg*eﬁsfwemodeled and
C -
; HEPIBRL bRl hott PRRCRE REREAELL BRDBoIFRCE A Hahibling of the
deimpmabhepartlo]ns pzossesser tiioe.i ncr ease f ract ure
toughness t he conposite nmust be strong when it is in

S|on arti.cles of the conposite nust be bound
%‘E‘Ffe%p‘% 0{ afe P w?edad can be transferred
f r om bol‘l@e BoheRRHIIRMS} e o dﬂtfonhﬂ?ﬁ‘eﬁé&td Ethah@URelr ifieraction with
| oads are not transferre Bondi ng i ncreases the

cdhprpemareoratncpon&n§pn@ rropashgtonthp dertinde surfaceggWhile some bone
pr V. es a ti t hr I

i T %g, Wél(lj iR I?C? aglnl gglggr] tni(gglf)&@r agaﬁheggé)éle%ﬁg ltmked to the
al gdyikayhatrih)i Bk OFirfade dehe boNel’paﬁi@mmﬁia@ﬂ ne?eadtdobaenodlﬁed to

particles bring about new bone in %

osteeiditass doearperation rAntonaplymesn thag dpoa necl ftgpfgone, such as
bi h rLi 1
BT A S AL T e S0y

adwﬂemmmhb@méader@nmnebpreﬁerdﬂycovateiulyt| on, in \Nhl ch

bone cel]ls arc recrU|t d fromthe host tls ue.to
regener In; qne quahadirgent, ﬁgmp ﬁﬁ\l[g\mg agepls areralpH (bé%ln&]f a monomer

bo&ﬁnﬂﬁf&r'r&él@&l@foethg rsﬁ‘i%@l dfthd BomRd efl%%l@ﬂéjhasr ﬁﬂéz@?% sections,

by new host bone as degradation of the pol ynmer and
r earsekebf mlgeofleam g;mqplsamd bmraetlmrgmm eél“hpr@glrvegoup may be
ove

t
e et RO R i ghe RORE PY" clsiieelsd et roup.  An
enfi@ffpfary Nelkke 'c&l;ﬁfn@c&geﬁﬂ1§A81tﬁmeﬂlhﬁy@@ipfﬂiﬁﬂm@ﬂ1ab@1ate available

confer sonme property to the particle surface.
soﬁi@mkiémen Gaibidec| Bae thired miefhoxy sgreunsedtdi the lwvmg glmips and the

gtrﬁgcryﬁ?e ac*%%ecg%\)/l?p ﬁntolngecltédntléecge gl‘ﬁccglp ftom by a propyl tether group.

In a preferred embodiment, the leaving group is an alkoxy group such as methoxy or
ethoxy. Depending on the solvent used to link the coupling agent to the bone,
hydrogen or alkyl groups such as methyl or ethyl may serve as the leaving group.
The length of the tether determines the intimacy of the connection between the
polymer matrix and the bone particle. By providing a spacer between the bone
particle and the active group, the tether also reduces competition between chemical
groups at the particle surface and the active group and makes the active group more

accessible to the monomer during polymerization.
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pol ymer matrix, the surface of the bone particles my
need to be nodified to facilitate incorporation into
pol ymers that do not bond well to bone, such as 15
pol yl acti des. Surface nodification provides a chem ca
substance that is strongly bonded to the surface of
the bone, preferably coval entlyl3ln one enbodi nent,

si |l ane .couplin ents, are. enployed to l.ink mononer
or 1 ni tPat DT B acHhE SorY Ao e GpelPRE bR ENOBler of the
Sigodferafutrdt. | BaS bxdnifle S emircOBtive growpé il bBri€orporated into
| eavi ng groups and an active group. The active group

mepplysanides, i etharpst polysarbenates omndapder ipAlyime dagsahbased on
by, he rou e i . -
TR S B R IB a G  amine
aviydraky-eerminatsd) $ikine$ wik bl ideorpdiacedt inte polyemimxycids, polyesters,
groups. are the Ieaving%groups and the nethacrylate . _
acveihey RRIPIES clagien dbatdaciige hpdroxylaled ROBETBRFS hyAspmatic active

P;@@Nﬂs Srelchee gy ﬁrith] i&oﬁ)t())% lgcfnﬁg Hifl B i FHRRILE Mo ViR éjglymers

viing group”is an a roup such as met hoxy or
etandofher Pebemas tigt grow be rabtal otymesedtien Itiiskottriveessary that the

coupling agent tq the hone hydr ogen o kyl gr.oups
Ehve 8 fronshunetigel tadpedol Py e hrrleraPlaitioe Boups that
9rRRo beTilafeo SRAMNines pBi}ﬁl&@Rfﬁ%teﬁ%Bﬁhfgﬂgﬁtﬁoﬁ B8 difunctional. A

intimacy o he connecti'on between'the ol ymer matrix

arsilanth baviog éwp aantined, eveByf pmeois alsengndarypanioe, Wil neletgrminate a
t he,bone article and the.activye group, ,t-he tether .

L HELTRES shBE” b G orash " BuR s e ik *hOner  chains.
t helt@adbtvety, 8hs Béthacgoap thayR Brahénea t6RoEdaBslo TRdsESe groups in
the active group nore accessible to the nononer

duh¢ AgmMel Besiidizat i on. 13 I n one enbodi ment, the
active ' ] t . t. C :
e ywer bl 8231 0 L, UGB B i n
beTdbie ar pagikinesl drétavailgidé Viasth desnpanidsy siicht hariésion Carbide, AP
pol ycarbonates, and other polyner classes based, on

morSAwicss pat(Seatc Souit Rogdhndd BAMDL | Whersethg oiilgag contains a
q ; il M .

R
pd yiestrapatible amdpairtieto tho bpne patichkssssg & redctiomeh wdéch the non-
hydr oxyl at ed nononers. Aromatic actjve r oyps .qr

R oI e DR UFE hrse 11 M PR ol peia e etach the

| NiScothptyiblP COYPRNR 1AMEe QAR bPRLY MRhchiid ke QN BY the bone
radi cal” polynmerization. It is not necessary that the

aquartide, gegardlese ofipthothan dtei vlaat is biedempatitile opmgt. b&he derivatized

preferable that activ roups_that 10 are, t.0 be.

P BRsaRas bt PRI s U8 o B lnstRaRfL bRt hgpotymer

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

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



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

Al ternatively, the active group nay be branched to
provide two reactive groups in the primary position.
15 An exenplary Ilst of S|Ianeslﬂhat may be used with
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i Tanes that can FRASEBRRL Rl iYaneNT O The
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articles. 14 Methyltriacetoxysilane (MTAS)
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ane ethyltrlmethoxysﬂane (MTMS !
D et R AT AT IR ThE THOS <y ame

anmma- Ani nopr opy OoXYysl
ai nma- Ami nopr opyl t rMethhb@xﬁmhaSﬂane (MOS)

@mm—AmngpLepyl_LLm:et—hexA/&—l_a

Bis(3-triet hoMﬁéhsfl;f/mﬁafragwl)qﬂ@flrl@@mw)o@lane (MOS)
e oo o o o R A e S 09

ai nma- G yci doxypr opphényl Orimimssiah@(ROS)

g
8 anuna- Met hac rﬁ;&@)ﬁﬁﬁ 6@9‘111(3/]( ﬁr‘thﬁltlﬁ&@/%lp) arane (POS)
1%:

EthyttTiacetoxysid d”ﬁ‘eftrbé'tﬁb?iysﬂane (TEOS)
Tetra (methyl ethyl ketoximo) Silane (TOS)
Tetramethoxysilane (TMOS)

2

LQLQ

Vinyltriethoxysilane

Vinyltrimethoxysilane

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

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

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

Si | ane (POS) Phenyl tris-(methyl ethyl ketoxino)
Silane (POS) Tetraet hoxysilane {YECS) Tetra (nethyl

et hyl ketoxinmo) Silane (TQS) Tetr t hoxysilane (T .
VDA PR o Rremio POMATERS (HEIOHER 1 IPAToneY rigpe (20 is o
t kbﬁm(é?éiﬁl%%@ﬁl% A8)a slandNthe( YORIMM Ry BXhiidoARd to the active
Silane (VGS) Vinyl tris-(nethyl ethyl ketoxinp) Silane
(@8- Tabl e | The active group of the silane may be
incorpqrated directly into,the pol r [

o at | -4 B R ahfied bGPl B mafsg TBY cBifibSRS of me
Pfiven€be. FHOExBHAsIRdRyarkbes willl far@bvalentlbandsrwithigdroxyl groups
pol ynmeri zes through a functional group that is not

c onmide guefass of hiadioxppatites ceramias dde, WiReen#ho kg gy PHRMA on

at e t t - Sj ' 2
ARk S5 T Rl Y ob PRl BRE LY S T World
i IBiembicaials E@gresanalye29-iisecy asaseTomntd, GA). nlsooymhatninchors,
bonds wi th hydroxyl groups ont hg sy fdace of .
hytifbieiheraand astive BEwPe SpHE taxfiose despriggd with ggsppgt;te gilanes, may
P . ! . . _

I %%ﬁatpgﬁggﬁm%ﬁ %agc{g\éﬂ,jtﬁ tilzllg fq{o?]lb%a?ﬁcgyss bP90 attach chemical
Bigoomgtsethiat lvei 1l Qomlg reesalentiyhpr A®ndaoneleftly 19i86,a Polyorwt side group.
C@ | | socyanat e anchors wi t.h.tethers and active 4
grrOlPEEr T8¢ SOMROLISIRUARINELCR Ph BT FELparypSecondary, or
SiiL@nRS anfiRes, JAI0SIsYMKAA titRtHoRE IhdRAFBIar@de | eeficé Gnd many
t he bone particles or to attach chem cal groups that )
wirhdndnierk asdpelyerer [sideagrovpmn Pobiwatiegst angd wpavianates Blay therobtained

Sif(rjoem %rl rlij&

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 adfive compound such as

a bi omolecul.e smal | | ecul or .a.bi oactive agent

s attastinn Pomplediborwngll s B, pd it dgeritg ) also be
Foihcorpsautdd ifito 1he hEe Bt SdtaxeBoxainple; agdny\Whiifo k41@s have reactive
sul fur atons in proteins to attach them to the bone

pafids cehainsani whe ephengl dgrewy | on eldrosifed hear besty |explodfed to form

si ' r Wi k ' functd
gr%ﬂg%%%atég’o LFT% giﬁ&ylt%%é’ S#Paﬁgl%rrlg{jmgg&g%%?sm (géeéd %@gﬁka, et al,
t heleodips dadlddepatgragidnaieBadkbohdienodified ‘fpaeddoCipely(amino acids)
Bi ol ogi cal ly, active nol ecul es can dify

| . o (1) . [

ofEsHBER alor c Blompsaisgb rappEEations t h wpgg/ﬁ%%i { @537 415417, and
d d rCG f i i | i . i - _ _
Sefs e, o SHFFRLE bR eESLy ot find 18 oL
antyrogeant egdltaioasoftphptidcorgppling echisiq@s, db diemede and Compatible

Anti -i nf t.ory. C unds. enbedded i t hi h .
CoPHETe TR 1023 PATD 54 Fiking Spr G ot ol ki arg incorporated
af f@Eintherekdtddef! ARGRP 9&|§f§ shéch ARLiABR! Abingie, A{dioRelysine, proline,

conposi t'e. For exanple, a pieCe of Fhe conposi te .
f ract bydroxgwokinalalsackdys whetive giowps and aare ggssentially tri-functional.

i mobilized ¢ ounds wil.l. reduce the intensi -

| RO R ARSI 8 A Patmp Pt fré fh dflfcionl.
C OB dhNatBinbOacitBtinay et difachahtonthd rsilbyd bfid Blil0GES8aMme 30wo active
Conpounds may al so be inmobilized on the bone that are
degpypreayailable ferdineorgoragar inte apalyniest abol i ¢ r esponse or

to attr C . | i i . .

bi ool i 2T Bl 2dF ahRA g g be et TE the bone partcies
mejorabsmngle, fadxeppqreati@dinendent, t drempgheticelly metivd partieles may be
exanpl e, many am no, aci ds have reactive side chaips. .
Thatashehts therhoms rariclssrusing thejachnimes desepl 83 #heVG olf 4 material,
f ofo'in_ex El\é,cg &8 or RRIsHAT 41 A8% prBliked as a silane or other group
pol yi m nocar bonates (see Pul apura, et al., 5

" Tiheoseavts cth veldiymo| ploaplcon avemicBatik onecheiating | aggnt may be

"pseuda’.- pol 1 no aci.ds) esi gned for bionedi ca .
apBTEaPGh N (REb pyicRLur 68 208 Fowed 10 4P affflate with the
HoQBRY or Blisté@! -As (hPbBRENALESTHID MRRE hon- BeSde¥REaB1E ibtdrigs are still
natural amno acid a-L- tyrosine: an eval uation of

pepniayed cioml ithy tissehrdiguby, natgral Bnetboliy epraegsses, allowing the

coREHEoR 018 HEB e ek, dlos e pRRIS be wmcked

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-fianctional. Amno acids such as valine, which
has an isopropyl side chain, are still difunctional.
Such amino acids may be attached7to the silane and

s avai l.abl e for

e e el Divcitfes AU RS A RS s of particles.
acthed/ShdiBhéiid #id staotatisRaiphtasined! EompsiRnPeN@ie bone to coat
particles. For exanple, radi oopaque, |um nescent, or

meide eeitiskds| withhealvive phosphate, evhiphinalydncraase b afinity affflee surface

bopne.parti.cles. using the.technigue crli .
PP B st 5By o 8°SIRLRER) REPR ARl pent of th
Cagvnfioshe PsotbieEabR&, theS{urR0E niy Wi ptially Qeinetdliabd to expose

rcacts_w th_cal ci um phosphate ceram cs, then a
c hbp spilaggn dperstat hgpaséclo urfaggobi | i zed on t he bone

particl ’?hes&{lfag ugl?ée}rg .e%sg%g d%&iée%l[?aﬁor? gﬁl tg%i%alm}eegaetively inert

the atom or one Is resorb
nosut aoe egmadapbsed ramtias iaaddsresideessthid tan paticipetd ihreavtions. The

the tissue site atural npetabolic processes,
al fo¥RRTymEK Se ra%cg? pregiRagrv ety sihs, fhertink el structure of the
r e&)@fg@éﬂ QineadcNfe PONRP AEcE RS dnQ tRENbhBG FSxpsiti Athino acid

standard nedical diagnostic techniques, 25 In an _
al residnest iThes eotbady nemeases He Hofaee perat dvaliebls fof eosmical reactions

chemcally.treate bef ore, bei ng.,derivati zed or . .
cOB] A HERE FUBTER, VEDr DEdBPRE SO Fhsing the partially
deddmhingaRkd ZBshePpRBcIRAN lf | MiGaliNB soRRioh | WislefayVthdcollagen fibrils.
phosphoric acid, e.g., for I to 15 mnutes in a 5-50%

s offartexamplsy bors pareclesningy be suspendsd in vaterat apH afjabput 10 for about

re ni.ze. t hat he rel ative I f - I cl. -
o< pieh ket e Sl s fend B TR B BR e i Erconin
ustael this fithe leribd endyBreinpRatddChratereataly tobrlj e therezesl of fraying.

depending on the desircd  |evel of surface treatnent.. .
Ag‘gglé%t}oé‘n fon Praraplgo i1 98 r @3N dathninay Feduge dhe Preeegsng time.

tr g : ' I\ o t %F:Malﬁl

angg% | reelggh%‘)%hg]?%dg S’ ie\é %g@ed%%ﬁlggp oric ’gdg%l%l’ of some
s otambinatiched¢hesewi t h t he mi neral conponent of the bone

to coat, the particles wth cal ci um phosphate,  whi.ch

may i ncftlés@éﬂ‘?eﬁ;é ¢ epfipacp thets H@Yﬁm Gagemiegr A VaHEL of cross-
| NRNGRD t&hﬁ%ﬂ@ 4fAbRABP LR RYF BpAR aPdrsANE SveBNehobY intthE art. For

pol ymer conponent of the 5 conposite. As noted above, =
t hexaspld, aceompounde pliet | atdtlyyldeGadinetiatlamiadpropybx peasbodiimide

R e AR b S RBE B SN A lmimiae 0
t YRIIC adosylinket AtakbMe by phys@dlbgic or slightly acidic pH (e.g., in pH 5.4 MES
buffer). Acyl azides and genipin, a naturally occuring bicyclic compound including
both carboxylate and hydroxyl groups, may also be used to cross-link collagen
chains (see Simmons, et al, “Evaluation of collagen cross-linking techniques for the
stabilization of tissue matrices,” Biotechnol. Appl. Biochem., 1993, 17:23-29; PCT
Publication WO98/19718, 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
residues This not only increasds$ the surface area

ilable for chem cal reactions or nechanic
%FIEC#‘PO %gﬁ%%t e SBARFnEgnieds \Hél '1v ichy 978 AEOPARC % herein by

pafe?ér@tlldey RG] lrb&Lithipa SadlAlst kEdteSisi hodB- adraldifl@ehydes,

solution"will fray the collagen fibrils. For exanple,
b oprdygpany icompeundsy taneing rgpedn deduding palysalentt metallid afides, organic

about 10f r abo rs,.aft

2 DRtbing el oD e Belyed BERdie b G, [ ekl for ggtgrification or
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decreased to adjust the extent of fraying. Agita

f ogrouRs it yslohenylagarpdivnide ﬂn@ itgslervatingy apd ke ft@h@c’blfunctlonal
2T, e a0 A5l RS 18 et

Ccotrosskik e coflagdneSEhe Ii?:ﬁle/ﬁat’tﬁﬂﬂadrb iednywashb® tc@inorgadl leachable
fibers may be craoss-linked. A variety of cross-
| i WaGeR PIHae HARtglids Eazsﬂ%r:ecmésfh#@ag @gpntéﬁw élétﬁl%gsed- One

G406 R oy A PSP o
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hyd [ d i [ |
o1 of B G g gAY LRl lgbtn [heic 8oy be Jei iped ity Blgnomer,
25piepbiiyRie),- mﬁﬁﬁ(dr akd/desi czﬂ@nhd?ive’orainﬁﬁfv@rcﬁ)'nhpbunds including

occuring bicyclic conpou ngg I n¢luding both carboxyl ate
anbluthyelr dimitedgto bpanolpenlesal kioadbive yagents; csmﬂﬁlog@alem&ﬁs inorganic

coI | chai ps ,(see Si et al

GORR eF&aly riRRey TrasbRn st P %E 2 EBHR fer such as
st bl #3idifd) BUrddySRUR, PRIlINeC RS hy@okimehng! MdNollers that link
Bi %Eihneml% 11993 173%5 29WPCT Pub |cat| on W098/ 19718,
t heia st mﬂwmeﬁﬁatm mabfremmvaﬂﬁ these amest poflaidtheesegienreactions

th§c9L|%ﬁ1e(N% c%n?ﬁ%' 8n CO Qt ' \{ﬁﬂl I’ n@ﬁgfn%fssy &hé/thert rr1notnic1)reners that

phospi ne group agen reacted w

pr pamnynamly skdin poBiNEraniidiemag memewgmhbedenmﬁdﬂ acids at the double
(see U.S. 18 Patent No. 5,948,386, the entir
cobtht s GRYhWHRereraes ARG oPIHET ameaorﬁeqse.ﬂ?ﬁtbyolymenze by chain

:rgéogﬁgﬁ %)I %%EEQEQWRB Qﬁ’e% Lidid Rga@9anthsir S4hv@Bendant groups,

des yepoxy compounds, tanhi ng
agkatiag ithecitgli grgupaﬁbqtoaﬂoéWemm allic oxides, organic

t anni ns, nd ot her pl ant. deriyved enol i ¢ oxi des,.
chemi caPddrignalbe o Hlirrativpn B S %P’h%ﬁ BERenGy 3ﬁ%§1bed above or

ggg%ﬁfgigﬁts byich 6RCEEAAE Whiy bENAE®RZH dRcrbssel b Nudfate A6k surface

roughness of the bone particles. Such treatments increase the interfacial strength of

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

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

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

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

enhance non-covalent interactions between the bone particle and the polymer matrix.
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groups, dicyclohexyl. 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-linking agents may al so be

10 ski h i ily. ble t
HOPRTRY TSRttt Shdpd rleofPie) ilSraPfark, arogen
ageitdngangi-borau hadetaenons, Moan f @ér tWigalslemidradionsgrage afechanical
cross- 11 nkin Bot h frayed and unf rayed col | agen
f i ipterlocking. &%r dapmples ifze graigin T ropdieaccharide dp gminebilized on the
! nl&otnI fﬁa?trlcle ?tﬁgllc?lrmgle(}ltﬁg SﬁHe\‘ Iﬁﬁh#%fgﬂlolsecgﬂl%ﬁ%qygﬁa ly entangled

bI\OﬁEtthveIoﬁgecIHaﬁls afmhé bislbgiel pslymemoma{apraﬁmenze Charged
mat erials, mnerals, throug

h reactive_am no ac:ltg
t Héwé@lvqt%glé% 1 thersueaenotbe boyeinseducsd diynyasbing the bone particles
r I I
YR KRS, B ShLAE 0 A0 M s
t htasmy bmcnmpanhldqadyraefsh esps:amiy rthaset bamé ont Amowghcids. The pi-
h they neri ze. no
OB 6n PR Py e LS ROTsoR G He PALEH i double
rQQQHsﬁh&Qm%ﬁﬁ%%nﬁ&k%QHQQkﬂﬁné&nﬁﬁﬁ doubl e 20 bond.
Vinyl nononers and other nononers that polynerize by
chain polynerization may react with these am no acids
vi Gombising tﬁe&ew ﬁertp:éqsdfama felymgs Prequewyi ng t he vi nyl
group ff? 3‘8 érrlrlg){]l?lf o (t’héA gné | ?Lrlqe%les ad'g combbneél Wlloth a polymer

altern rea escri ove

Or predurést! T‘E}fﬁr@lw%]ﬁﬁeﬁﬁﬁﬂhﬁtﬁs niﬁt}lud]ﬁmbﬁ@ﬁert @aitiatly @@benerized
the surface area or surface 25 rou ess of téhwéﬁktmcmmen

papalympie dlowahlerpal yrags: ﬁéﬁ'feé’ob’melfea%ﬁo
StLgn %:Pec? aéthl?s Hl%pﬁ(ﬁqg&}éﬁﬁf blfapatugé fnag?sogﬂ h&&ﬁ@l@sbw molecular

t he 'sur Intertace an
rrewbughi CSuichi m’eﬁrrha:rs lakengol oetideel H}Oﬁﬁthpﬁﬁoﬁ&ih‘tkﬂ‘lg&ﬂd)cﬂimenzatlon

1{ Preferablﬁé surface treatnments of th%bn h {
el CPab N it AR e T RioRach CeBbas g, Which the polymer is

at éJv%I%hﬂ? ﬁﬁ%@@%ﬁ%b&&%zﬁﬁ@l@s Py bfe‘f)b%éi‘rlg al10¢ ROlLTRF weight

nmatrix o conp03|te In an al'ternative
enﬂﬂtgdxm mypwetllyqareduobéduougfeaemgmvthmylymnd@tmrg ndw prepolymer is

E’fﬁ"ﬁ‘? gvn C%\%lsp%l | nt ff{lrgcqgﬂgego@gﬁﬁlﬁtgs? prorgluce molecules
nomapﬁu 3198 mihNEE HARith®Bind el dorbafiy] €% bl £d an excess of an
i nteractions, hydrogen bonding, pi-bond interactions,
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o e EnaPad S TR Fro s BRigl® " " °
The combination 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 &&r boxyl ate groups

present in n .0|oconpat|ble pol ymers, especially
th%@%9%3§ggﬂg§3é#9ﬁg—gélds The pi- orbitals on

aromat | ; Bis , tRIPeREH iRfa®h FacARRRs RaEtidnide oMtikdue into thin
interact with double 10 bonds and aromatic groups in

th&%lcsblfymlcmwpw( ot@@wbilw ngHt)WerBorﬂée Fbe)nmmr@@ewue@d in the

Sm I}é}ng‘r C@%ﬁﬁ)r%% G ?? ﬁ} E}g‘l‘l &%%ln er?a%laef interaction,

EXlﬁmﬂeaés)daIﬂ@' iMfIRFatiph Qiflih§ Pbl%mieﬁ Ghisdie mmel@t‘fees between mlnerahzed
partially polynerized ymer, flowabl e pol yner,

prepesEbersAMgst pfrihe magpreers Rh&AHIST eolymea pEstrsprssmggested for
seh\9 %jci HRI%II’[I f %enﬁfﬁ&&%lf ﬁ%){\]/talgg rtﬂ tb%ﬁ@t%@ t]'u]i)ugl?%heaghannels

rene OM/nD ecul ‘ar precursors-arc
pomdnmrez ofl thapedulrt brae SII[‘IOSﬁde khengone elenleytse evamtfi thay do not
after conbin tlog mch boneﬂg%rtlcl
gru

c RFIGERtE antofhe frabgeuiaslon Bty m}@ralﬁgﬁgéfﬁf%ﬁm Bepe). Inan

t |

oPRpIAG EmbHitb, e HOIBEEPRICKESE: i aflc RWIHTAIGRUPA of the

gr wastilapaldjorantezsitiab struchhe ob K@Mr;crmtlalss ZDhe‘ vaspeldr structure of

mnth an ess of one the difuncti q ents 1
e ot Pusdy TRl b, 86 L eey R e SR RSt canals,

SaV’EleﬁlQMPs chfdls, RS arll Hindlar S6cki@ds € XH ShteRkitiaNstructure of
di i socyanat e nay be pol ynerized to produce isocyanate

teflhm mewpﬁleponqln@s theaspacerahetpigen diabeerder whd pimgilar features.
di Phost § 17 BB RORIMLELNANG C INE ORBINBI1R: §f ntfSnonomer or

bone par NOMEr 1 VOl Ves

M stheSpol e éysraduresrdonBperislt dfuhd/betbredniniatiae pallyinerigation.
The m crostructural considerations concern the degree

of i nf i Vequwn siileationnaay be yped todielmthe Robem i grecursopafilirate the
%ﬁﬁ% THGIURAL LANT AGHAL 't]%n&tn%ﬂaﬁ fﬁdEéhe @%@%gﬁﬁ@%atnx of

e bone particles wthin
M he esinpositeurompl €elysinfi Bratdsi thmmﬂmalliueﬂtfdjrﬂgyf fonexamupik, cortical
infiltration faC| litates se t| oni %{eﬁ tissue into

t hipgne. 8 psehapial propegics i the boae %ﬁna%g%q.tras{ R greatly
bop&h RRE %ﬂoggﬁ@s WP A éuprot;{;@ ng ISP bEQRsABY Bftrix will be part of the

I ncor por nto th € po r vvlthastrong

i nanef adteabtratimne ofche (ml,crostructural 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 trabeculac. 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

trabecular bone surroundi ng theiﬁone el enents, even if

the n net te [ into
PRl i BRRLA s el BERAT FRlmpbovens for
ex@eRlidt the@ARMUoABIHIludel i aROhN¢ TRMitddr 8 Clithsi@Y1shiFodd EDMSO) and
infiltrate part of the vascular and/or interstitial

st gthanalir dsds weH&npondo plaseiskilled in theeart selvemtapfiltration is achieved
SUELSHATR e pHRL b 058, G b SABRGRe potymer

C afrabifrsor; 8fagtingCwith vand didineisbAltioss khid prcesding e more concentrated
[ nterstltl aI structure of the bone particles includes
t hleipne aad Q@P%W@F%é‘@é?fae and simlar features. 15

Thus, 1§, 08y Yn Dfic "GE ev%ﬁf" z’enﬁiéPa(;tﬁert Iglean@ﬁ‘ﬁ‘:"histological

particl és in neat nononer er polyner precursor
f oteclaniqessj oetlwling preesulbe fond heatnmay aeiusgd poingrmsé dmtinGhration of

Vacuuminfiltration be use t.he pol
or G B PR e BT AR dRA eI e PaHIG os pay then be

de@dnﬁlﬁﬁed toigh GARBInTU ot fréé?ld S8Hmer f plebfis RO RbIyRi#zhtfon and
of the conposite conpletely infiltrates the

mi foematioz ed fhiebrhposite. , Awomated naprarateorfor yapuunand pressure

Rk T IE T L SRS 5, PR Epaomson.

S Ugva@luible ifkden BRIbTA Rirkekalge the matrix will be part of
the bone. Penetration of the m crostructural channels

of the Ebm@tgmttqncqféhe pplymer watki the beng prstieley may alsarsgnhanced
f, th .
outd BRI PSRRI L £ et AR B

t rmamednthrblﬂh Pre&fgeosi T, callbing . c@handeettlie assotiadbe wil the polymer

Vacuum infiltration, where appropri ate w il also
r eFRSMRONSITT OB ISPBIpOSiteoyyith flee i¢les: Yor %ﬁwﬂf‘eﬂmn idfal bone

| W&@EH{ B rh% Bk Qm X n%oﬁfep'o?\b@gpo%&g Afk¥BRbely, the

trat| um 1 nfi ratlon may "be inappropriate
f omdhiidylall jnon@b:mtuclee nmynbmemzﬁed usog wanmblee rblooy gdrtickes and solid

|nf|Itrat|on shoul d car ef ul sel ect
RV ESRSRE SRVERIES QS 120 s PR o idized B coater

t Oxih§ -aldd BObYedV R 8dd: life PRIERE! S[nséﬁanlcﬁhs thA@PS&HORE Mhy bimply be
evaporate during infiltration, reducin g the risk that
e

t hdipped |rito biquidior pcmd@rqdoptdymdr pretwseheAPsifhase teghgiques will be

a d,jnto body., Exenplary sol vents for use
vmn?aﬂn{}?{jo"]i’ﬁfgﬁlﬂﬁlﬁl &'@Iaﬁtde but are not linted to
di met hyl sul f oxi de (DMSO) and
Macrostructural Considerations

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

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

oriented. To align the particles, the particle-monomer mixture may be rolled,
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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
solutions and finally to neat prPcursor. One skilled

in th rt . will recognize that other stapdard.

S e ca i e aneqtEIcalY ALETTe R (PRLyRd il ploneated
Elcd 5RY HeOddpasitRPmed tHeembidrhér! dsathbPAredprodiiddd. For example,

pol ymer precursor into the bone particles. Infiltrated

bogreteg artiidlee donaparntices terd toexdotisiapparaystraughly eligiad with one
of fr.esh I [ Dr.ecur [ ' I s

L GBS hoBlc o i rom e
Vv agillee the ehopbeiBs Whtd whith ithdyrwaitl fan in fetighbaht bend bsaustion, much
Tek VIP Vacuuminfiltration processor E150/E300, ) .
avika disre RasyRg deRusina plape geater. Freducwgrandgralyprienisd ngpticles is
t ol W one..part. I :
RO TEQ ", bkl U6 L5y L0 B foo) o
t hBulgdingnmny pmpen s olighi edpoved< ontataticy but berrwist ltab udffectively

precyrsor. The, coatin nhances the associatiqn of the .
DGRy R BrBifermtony O Fe BOREES: | KL FRE Hghge iective to
PalLhishes oriERbtigxanpl e, individual bone particles may

be spray coated with a nononer or prepolyner.

Al t er nakorvinydemineralizertibonied bath dlongatesh particles sindaggulerly shaped
coat ed usi. a tunpler.- bon articles and |id.20 .
oriar Bl dudetse By et en Fobue ieiSE abfhe fufer marix.
paFd @%ﬁﬁrly Ahdpedi gattzgsh, BROmEGRANRA rddponhseviill defetdBe betisoiropic.
coat the particles. In addition, the particles my |

si gl gjontgateddiapisdes, thetedfert efuhelpaticlss ad éhameghgnigabproperties of the
precur . I, of it . Lgues. -\ . il .
PLEEREL el o PR UL A A macs. 1
Cotirg ipdicadsi s 6richedViptib@ly, Giennthtir tffectmnhe paeharmdad properties of
are first infiltrated with the monomer, the bone

pahe pelverer mafrin do mok depeafl on thploadmganede: J& Ly RiHget gre aligned,
st 0 iL: ' t ' ; .

o RS 5 IRATKHE cof BERRE A0 the EIARRUFGropbites o the composit
s udgpendl edl both thé bbadimgonate. andhibe dinevoion of hed. be

mechanical ly stirred to distrjbute .the. particles. or
bubbl edif PIEETeLETDodiBeh 31 hobrmertinlay i Begeipente. gper than
MOjesifichid the SolpRerEhAndat &6, BRNBad alHileLhe olfReriBatrix holds the
aligned 1'n the polynmer matrix or randomy  oriented.

Topaatitlgnint placep arari exhmple, tangerpacces of bompmayrbe stackadueretop of one

na%o%‘?erri?ll lelelgjr’efo%r% 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, theZparticles may be

delivered directly fromthe 5 ml|l.to the.nonoper

O R LAl RGP hRe: T Y AT e el The surfaces of the
OfhoRE bt RE ard Wdhinerali k&l £IAGRS ExRASS LA bR bONGRcAt Pbriurticles
grater. Producing randomy oriented particles is nore
dichémigally linked vamgcthk tethinrques @f wanabimmont v dwoed (hb eBatent No.

O TS B AP sy B B v cotn

r TGz e ikt ryrhted haleinosy Rferbdte. particles. Agitation
may al so be effective to 10 random ze orientation.

For nordndemrefeired iembadiveans, thsotampasipgatabauipdp30& pelymer by

a . g .sh ; i e i i .

S RO ST, LA b 0GR s,
mahdchAnicalRoid depgadatioh prefeapsdfpthe thatiesit nhdyebe desirable to use a
mechani cal response w |l |

) v generally be isotropic.. . Fgr_
elNsFA LB PYAPTS N Ractipn of Bpbater in e KERoaHE Drg skigfd in the art
t REITECI YA G4 tRE Q&ﬁﬁe'ﬁ%ﬁgﬁ of fife pla@yrﬁ%ﬁ’lsdétpgn&j &R Biikdensity of

on the drientation o articl’'ess wthin the polymer
mabe podymef. the particles are oriented randonmly, then
their effect on the nechanical properties of the

p mer .matri x .dq not depend on the |oading node. If
tﬂ;é}ijﬁ'é‘i’fzﬂef”égf(%fe@‘gr’fcgned, or nearly so, then their

cont ri buitdrQRe béhd RetdBCARRbABIneRMAREIME ipagm&& pkdrsor, the matrix
conposite depend on both the |oading node and the

diis pebymsnized. Fengxamples a flowsbler polymar enydii fusther pelymerized or
0 v e .
SR 39K AR o P ARR 14 B BRI gt cgratency

t he the|boie rpaitdléd. X Ihehd polyeeriziRy pieeh8sr idoephar indFar calcium
exanpl e, larger pieces of bone nay be stacked on top )
ofphesrhateagrspprands, then tediose magitdesipay e suigeciigaied before being

f lcgﬂibﬂ{eﬁ%ﬂl {}ﬁg%&%ﬂf‘er,ggs%%ﬁ&ibedfaﬁ“e‘?w ng which the
nmonomer i's polymneri zed. I's allows structural
i npl antfsnyobicaopatitds ipbBehes apebé asdietopfonaiucmaapdsitesraccording to

irrequl arly shaped pieces of ne. .Bone .has v high .
copriiation & Pumbtrhol ﬁ@@é@é@ﬂ?’?ﬁ_@n‘ﬁ gronipegzadaplebiocompativle
ofRRerS SRR kfyin flﬁqieiltlﬂ"aﬁ}f’%efri'c Lﬂi@rﬂat@ﬁh’l@,défdu%ﬂcd drug release

f
b tV\BQI’] bOI’]Q o] .eces W ave a snear corrponent as
weintl tissige engiesesingdsen; fooepmydsi VE. Petepsn¥es. 6,183,827, 5,804,178,

r t,.th essi trengt h of .0 i .
Sty SRR SRS 605 0B o st
St,.@NKIY f Adethdonevnuts; 395y 3181es5 sheg00 sbremedsh 599,665 to
t he conposite. This shear st rength is increased by the
Barrera; 5,019,379 to Domb; 5,010,167 to Ron;, 4,946,929 to d’Amore; and
4,806,621; 4,638,045 to Kohn; see also Langer, Acc. Chem. Res. 33:94, 2000,
Langer, J. Control Release 62:7, 1999, and Uhrich et al., Chem. Rev. 99:3181, 1999,
all of which are incorporated herein by reference).
Preferably, the polymer matrix is biodegradable. Exemplary biodegradable
materials include poly(arylates), poly(anhydrides), poly(hydroxy acids), polyesters,

poly(ortho esters), poly(alkylene oxides), polycarbonates, poly(propylene
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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
chenically Iinked usi ng the techﬁiques of our commonly

ed U S qLent 731 titled
WBB’iaPFﬁ} arko %KH%PIR/@%HBS& opglvw%&ﬁ 3?‘1’48%‘5?‘8 45ids,  polyacetals,

e ‘ﬁbly‘ifﬁ:hﬁ@@t ent ]ﬁ)lf’g]?éo naké,ch . ?r% oydd%@h&%sﬁt ed psvRidoBbutyrate,

reférence. In'a preferred di ment e conposite is

amobﬂlydmsfmlfmtﬂhymé{](vwl m@lﬁone)Dép@destadgblgnprplﬁ@yanoacrylates
t
R0 A BB PARR: i PRNPRETAE of I e afiPPgiiti, e

| {depRlathm HeghdtaHchide®istzave maliriing biddiolb@ie! sell gitflecules, or
fraction of polyner in the conposite. One skilled in

t ﬁ»éhea pechupaigripls has pagisinate inmagtabalie prosasses. Menomesh agftyrosine-

R AT
p @i’épaﬁdde@ Haetncg)mb Lngtbsivictderivbé dnﬂhlemﬂed’on’g:l’oandl g tr phdsgcﬁle ora

matrlx I's merized. For a.fl owabl e
diagib Hqﬁﬂ;r bl@)éﬁ uP?lﬁlé‘Fraspb?%;Pre ,Spgﬁ%r teq,hmciugs may be used to prepare

aﬁﬁ flak %qsem&neﬂl %0 1119 Dcids NGy Yéﬁ@ﬁve side chains,
era e cova

y I's attac y to the
pmnduchhgsrn1nle£ ahhnesp tihqlnmtc ang—bprdegmdahic pdbwrsnmay blsnde used

to cal hos co oun?s,.then t.he.b L
p&?t‘?’?,lre Oﬁ'a‘ig‘ 0 IBJé:F,OP%lyﬁaé(?pgﬁnnee and derivatives
C QRRLSYe dreMulsdtut rb‘?ec%ﬁ&ﬁ%r poRfcReIRdtl Baf tRRGYR. vAWge from the

bi oconpati bl e pol yner may bé used to form conposites
a@odwghnngs tbone 20 athamiptanént D@hf:r nombigtesgradpble, yet biocompatible

RS A oo he TR O daS BTy prekhings, - polyureas,
blp@[ﬂétﬁy]eﬁ& Syinyd Odtleta®d)] 961}@%@16&1@ g@@ﬁletlﬁiﬁﬂ/litb8§bﬂ@ethylene and

engi neering (see, for exanp Pat ents Nos
6 pobyictihpiene sxigel, Mpgomers tlraz @rmwd te pralgcaay Ofsﬂlvmmers are

P B, B0 ML R PR S, S

t @oMTHEProfucd® OThése skilledSn Bag 4re mall r&;o@ﬂﬁe m thie iDmmExemplary,
5,010, 167 to Ron; 4,946,929 to d' Anp
4.1gb@, gymprebenstyg, Hanof PORBIFS RuePRTE T dhg JQ’P appligations. ~ Co-

g‘%%g}m%égué%ﬁ%‘laaﬁ%gg ets of ﬁfove olyridtt 1o ty At ﬁ?d Sél%@ed with the

rrch et a m~ Rev.
198&ntioal | of which are |ncorporat ed herein by

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

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

Exenpl ary bi odegradable 30 materials include

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

oxi des), pol ycarbonates, poly(propylene 24

fumer at es), pol y(caprol act ones) 25pol yani des, pol yami no

acj.d ol yacetal s | yl acti des ol yal ycol i des
pﬁ@/@g?l&?ﬁﬁaﬁl‘fgg er %ﬁl@ﬁg}%}o&t%{lw%{g é)’r.cgos\éﬁmh(mg agents may also
Pacy iyl axyurtosatiBe @BsVKNN MehsiBy " I 8bt dBBRY) polymerizations, the
bi odegr adabl e pol ycyanoacryl ates, bi odegradabl e

polopeeitatan of azheminsl iy Heleh iy thgasonomerdieae paBisH wbHure may be

t hey r [1an i hel bi oacti ve
n3§%$¥%ﬁ§f&%@%ggfggﬁﬁggﬁkﬁﬁé V#%?%bules, or other

such neEemfiy tindiatqar atci Retk@ iim 1Gbadeol Odian’s  Principles  of
processes. oners. for tyrosine- based

~Mon _ .poly Sr S, :
i rictliraerig gt CrdEdition { 24, NsW8PiFar ga e Vg Sons) and available
p r aGdt . .
PHRELBRE SR 0 RS S S50, pobperc o
a patiielyi golyedpet mal&s ; mBubapxpasedl@OP)V. lighiyithmrowaves, or an
techni qyues may be, used to prepare 10 am nqg acid- hased )
OGS BPHRYI5 S T RHE PR Figepeie (perdlcga e art will
Chakdlhize HOWIMELMGy IHERES-1irR MBSy toldoh@bBthe 84t6 of degradation and
Non- bi odegr adabl e ‘pol yners may al’'so be used as well.

Fahe exidimpssepf tiad ypmpositce, Eyomplamy Imetbeds fi| santiotpigethe, rate of
SRR NS e BELRdhr PGy BERY wliff b0 dekBribed in Odian

endogpNtheenfR @nteditS6¥ Wiiph aRtincdsbdi@fed herein by reference.
non- bi odegr adabl e, yet bi oconpatible 15 pol yners

i ncl udeTlsolcgapgsitn Eaynbe-asiloaedgcddibaay pbrpér eExemRlary shapes
po ; . le [ L At .
CoBES bR 36 K, 5L B, o, gois svan
podap (iR yikwnek o intlefiber Mueshiyadisk, tdoate, @de cus gint screw, tube, tooth,
produce any of these polyners are easLlﬁdﬁyrchased.

f rigpihc E19baPRNEs 0% RERIORS OPBPRRs CVeles ey, PAftigReLT Whdee, cylinder, and
Scik L .G | R o AR [ daht 1d
i AL cplindeD? HBhe EhftEhon, HOORMRAL €35 hudiEdhta mo
c dmyirghthesshupe of iasdesoéd poplane For appmples kaneldf may iba shaped as a

vi vo .appl.i cati ons. Co- | yners, .mxtures, .an duct s
o PRGN 26t BOMO O e “HRF Hpeh tis o Qe oplitfie (he Shabe may
| NURBEbAR. o THiSpIRRIaY "B plarfe] &hﬁt%@gmi ok CarlGdtr eENIRYY, implant.

step or chain polynerization. Skilled in the art
wi Exempanydonzethahaay bhecplated usinggbt (aehmiques ¢fdhe sivsutien include

R e TNy N
t h@rvibgll veeteBrab fHoeadiavértdbl£ JumBb ey erBta) backind, Kbderdfim, clavicle,
ras%I:q():ualla, humerus, radius, ulna, carpal bones, metacarpal bones, phalanges, ilium,
ischium, pubis, femur, tibia, fibula, patella, calcaneus, tarsal and metatarsal bones.
In one embodiment, the composite is molded as a plate or similar support,
including but not limited to an I-shape to be placed between teeth for intra-bony
defects, a crescent apron for single site use, a rectangular bib for defects including

both the buccal and lingual alveolar ridges, neutralization plates, spoon plates,

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

m) ecg Lar b B {;@P fy‘& twef s 8 BBB téﬂ%’ ncq%ea(\ic R c%?nposite of

|za

Trthé unehtiomalTha ndnipobies niwyl dlsd u@ cfatacﬁima& t6IoRIPas o@rall of a hip
cross-linking agents may al so be used to_increase the

crigwlant.iipgdudian dhe sjemrnad cangior apeiputan qupat W bensused fer the cup, the
c i . :
Rkl R 5 G 5 Rl plleulefloh Mpteral .6, plastic or
manetplul @ther jdillﬁ eplacgmen ldecigbsaimayelsg fenefit florenid ®ehniques of the
initiators are listed in George Qdian's Principles of
PAPVEEPRzat i on, (3rd Edition, 1991, New York, John
Wl ey ameé‘aﬂ%uéatﬂé cBMBbi; Fe%@y bEh GURAR InRRhitke hnt@% desired
Pol ysci ences an rnatively, polynerized
pashepeodftey ppbdnyamzamzeas dmcsbeehbeltmy be exposed to UV

l'ight, mcr waves, Oor an | ectron beamto proyide. :
enor gy P SRS RoRA s i MOPORE (LR 8 Baf e, P fgpplant sit
ar&d%oﬂh&ﬁeﬂ@ﬁ@ﬂﬁ' 28tehRifivElQ, fRRGhénbnidren sy 9§§aﬂt1h polymerized
density to control the rate of degradati on and

stiptof :prepolymer lafier oypiog iand th@mtchmy injentdsoiso ﬁcmold or implant

STl P OB Loyl e B0 B b B wo
Odh@ﬁrep()%ﬂerlé a séﬂ‘iﬁoﬁ@bhﬁtﬁ Tﬁ@bfﬁpb@nﬁr i iehingéreed into a wound
i ncor porated herei reference. The conpgsite may be

p ity ke Si@'tﬂlal’%b%?ys@ﬁ%tﬁ@ mgtesials| a’ﬁ?ﬁersmlw@ﬁrlzai@ﬂ is complete, the
RSPl L R0 el S e © i e

fldompoﬁlltémrthenﬁplbntsdmsk, cone, rod, cup, pin, screw,
tube, tooth, tooth root, bone or portion of bone,

we oy portion_ of wed linder, and threaded
y’?q% %&meT’W’W&FSW&f %@ﬁf %f”ﬁ@”ﬁeorrpow teis
pol ynerAﬁ@rdpéIS’m@nEﬁHoﬁ tﬁla(\!érﬂﬂos’itg%%h@@fi‘eﬁfwéi #Q%d fRImold and

i mpl ant. For éxanpl e, may be shaped as a 20
pcﬂlmsmnsedfmml&damdyon m@mlm@ icherhisaldy phatechani¢pdlyngFor example,

di I
| i B g e PR P e SRR TR BRI o sl some of
E&ﬁmbg&ﬂerb@ﬁﬁﬁ dndadccBRYatd the RiRtiA CRAomMBbdigort BE the implant. The
techni ques of the invention include ethnoid, frontal,

nesyace ofcthe pnplant mpybe &L@henqdelwmséqmdarﬂammbﬂ@s to promote bony
ver -%Jgr a’.z?ﬁg?rg?‘uhéle tth%es'il}(f'agea!)f el %E’ir@’méﬁ@er @éﬂd‘éd filed, plasma

bra, sacrum
Cletshied) ¢hemically etched, or mechanically pitted, for example, by sand blasting.

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

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

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

nol ded as a plate or simlar support, including but
not limted to an |-shape to be2pl aced between teeth

far intra-bony defects .Grescent apr far,single

sityd 98, the cisiEg sonyemta of sihich g8 las‘eqre%‘?geai BB Trgse). For

b%kﬁngf&?aﬁ}‘-ﬁﬁ_ BinRRery AdaKadr ¥Rk mdy i0&Biched to the surface of

neutralization plates,” spoon plates, Condylar plates,

cltie/enplhath redust esflarcoaiporestsd the risk atf defection. dgBempparady, growth
v | ates, 26 c.  Partial  tubular.as [.] as fl

ot i St 1 e bt B BBl ate ol giftutae e

| BY&IHctiON of ddIRgePNPOsi te may al so be machined to form

part or all of "a hip inplant, including the ste

{ ] L em .
head, a¥itroativatyetlbeomapositgpnaye immsesgd fipra gohetionpf the desired
the machi ned i a [N ' Sj i p
et AR R SRS ol R shh B R Rbhge, gifusion,
| @i Bther eRkBaRFROkncdaVicchsseakilladl is thdoanheThd surfaoenof the composite
techni ques of the invention. Alternatjyel

: y, the . )
canayoRe treaterhyfoneamme, dtiplasm CteBingE RO P dnggease its affinity

desi ped - I ' i ORy i :

o3P PUR0R, LRI RE,MIRHL 3l e RonilERgD 30t on
chamgesitd by eldchestatipimeatciortse While ahel cpmpywst magdleserb shortly
situ., Alternatively, the noponer nmay.b artiall
poRghisPRlaalion. i Wasehgsaian hasnes heahivhy &ﬁ)ﬁgﬂﬁ%aﬂ%ﬁ%ﬂm fo the
PORLEAt OFhis EEd &é},ogd%foﬁ iRt a FRYHo8Eich NavBhmest it GedMaslee

pol ynmeri zation i s conpleted.” The nononer nay be

pol yrerTtecdhplartithay alse bpreqebinedeiccording wetethioqueyg well known to

putty. The, prepol.yner,may be inserted,i nto a u .
DAL, s B Bl o o5 AR oy BR e o e
PAIpIERE tZ BleilR&te bn§ REPd®theor th Reovide viRmAEls Fort @itirng i tics to the
and no further covering or wapping is required to )

r amgiant.t halterndinshisia eompositeshapgst ane Blpe¢le may be machined into a
Post - pol.yner.i zati on_ Treat ngn ' /

S R A TR OR B i s
mand Ahe cqpiprh@r cusisld 3 bioeklitabelsiiad i quplak ebiree-dimensional
chem cal | ¥u or mechani cally. For exanple,

C ! 0 the
dinge cpryshafinmiesy e BRFDiCoRQUFs | rZ%ng 3 shipsnmay be

sUhRRRSe TS
or ' [ ORI y ERR RN t b
accgg'l%g}léeﬁegt ﬁggi niti é r c%ﬁ%g%i F‘F}E)erﬁ gl?dct hg [ n'g]lpgﬁ?l.ls ey he

Thetacisadrtt ane andththeingmecrnnhicabfastorers sudpheerioo elss pmg, and screws,

Sta?lngfa {v?licﬂler%g;] ib%utggriéa(t)ecp %rgrr;lo t % ck())(r)rﬂ}()site of the invention. Traditional
joints such as tongue-and-groove, dovetail, or mortise-and-tenon may be employed
as the machined pieces are assembled.

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

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

be sanded, filed, plasma etched, chemcally etched,

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

25 For exanpl e, conposites having the shape of the

desired inplant nmay be further surface-treated to

pronmote a desired cellular respdhse. Techni ques for
attachin rowh factors and ot her. bi gnol ecul es, t

DPORDAE PP BIaigtsy it Bhosp B hePER By PR LB frg otfer phosphate
Slphddederh&htt h8indl darb&HQMat& X 8P |pRotefntihs@d WiktRrs; OMPREIHgebut not
may be plasma etchedto render the surface nore ) .

r dmuitddvie. fiibighies land uhessclsdemivied ghesivs proteips. 3§/ltrasonic bonding

bi oacti ve agen be attached diregtl :

e pe i leg 6 o Al ek Ei bRyl one another.

at t achethetficd NBIkeSChRAY 3¢ BasdhideaeylbatsinBahe riashihed pieces to
6,033,582 and 27 6,119,028, the entire contents

of
wierasi-liskewith cenepenatherd A tkarp a5y hoae gpagticley at g surface of the

eXx | i -] 1 r . Qr i:hi i . .

o S3EP S B  FE 1o 0 R L B i e,
| RiptianarBt afer dehirdializaiisk oAltenfadedlyothe Adchinedt pisedsymay be
growh factors. may be attached to atﬁéact Q%Legblasts link
t Plashe-qtefdaroxidized B ey GF CRRPHISSWRESS BUEORURET BIpss-nks
OlocPihafehvo plbtRIFAbMYGLIK, [he composite may be

mrersed 1n a solution of the desired conpound, which
i s all dfwd droangeimenttofahe bondparsicles agthirbthei compesithsragasotropic,

di ffusion, or other chani s nown to.thqgs killed.

i iEfoobie cPRESYl SR ERET HpoBrere ™ fdyapan dillion of
t reRh&fon bP ihEHHIPBticlBYisRIFRSMBet®b & aPersOITHRXb gkat . be offset
to increase its affinity 10 for the conpound or

i ror ¥8s60% 90F acby apwa otiiEnanglenisothridthe Sonrepatiales apprar fform 2

g%ﬁ%g]ﬁth}éo%gg&hg étg(gl%e{golg}tﬁ%%lt l%)]/lé T@%Es@?}g* ﬁgﬁ% ﬁ:é‘gbilugtho?ﬂé I%%y or rotated

Wasty Cloasiehration |iAf WHRACSuckBRivienldye®l arehyaitimuogily adffset by some
response to the inplant. Thus, rapid desorption in a
piepetifedot wadommoledimie the nreceddg laydsi e, The i npl ant

may al be i ' ' i illed
oo, 1 RS RILAS A0 18 REBEANSR by e i o
exaopldeacchalies tovaye teehrdqids|cadiredtio théeectiomentitied tBreparation of
facilitate bony ingrowh or to provide_channils fog bined
s B poves d0e §h4v5ds greund. s mHed CPPRIEArtifegs may,de comoine
¢ | € fiB6raliB NineRMigN kY Bf the sh
g Bl 1@#2‘5@9 @ églgaagn%;%g%ﬁ 1Bfra shapes ey L TR
ahtwsaibedoatput cand pressedl foefbrinas sed ageradiogHerthe dedopingatof U.S.

bl bl h d i | . i
CIBELS Akl B SBRSOANS o TBLE s s e b
andrRtRer 16 APrOFred eRBSMinfent HBP EoriBOkite Particles incorporated into the

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

particles may be mixed with additional biocompatible components, including
biocompatible binders, fillers, fibers, platicizers, biostatic/biocidal agents, surface
active agents (e.g., surfactants), biomolecules, small molecules, bioactive agents,
ete., 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 nortise-and-tenon

may be enployed .25 as t machi n i ec are . .
SR G R W SGaraae hera DU AFioPG. o ERRsie Ricles are
PisRERSd FRY siiRbfR{li¢ 8hd Yastbh G508 sudhsNfat aNest @esh deeden, or a
exanpl e, a bioconpatibl e adhesive may be used to

atthrzetdimensidrishettopsl. ec ddet diquide razotinelnde Edshiigmg) ybiocompatible

RGBT 0 SR IER pip i

s @ataaBlement fiat RélpStherfafl inglamediat itgitaps. Fonlerexdhesion between
cement's, poly(nethyl nethacrglate)

s ! e.g., bone, .
c dheparposielpattictes ezt achisved by rmlwéhgf & adfiqgs in the liquid or by
C - e .les i .
R g
p Heap et antarpdsiad as diyentsym o aeapoaationx W lermstivalycr in addition, the
pr ot ei n- based bi nders, inqludin% @%t not limted to. f
f igtangleg) Ha%s ahEOMDRYS| PHUFIFY BiFYabh SUPIGEcd 19 A Fqupressive force
U durids qi htigfbs §Obedid @G,
bR O nfer 00 e afiB: SHAC (R SYR phteltsiopdtid 4
Cheni cdh i nkagetinaygmbbdimdng thiehémnadted yconpesitegs trpmelted and

machi ned pieces to crass-link with one anpther, 1f .

{ Heriged b 3cie pd bt ol eamopReiS ey e S Y upon'heating and
COARPSE trEshap Qe WitkBYt RBchihke dTRO pOPcP Hitsr belSdlltd or extruded to
standard cross-1inking techniques, optionally after

dcfirimer partigeltn shape Al treelded in Bleyshaptef pedenirertb Hplple @g discussed

b I - h . i di .
Teksbe PR S NS B HlBRde T gy ot

behyeed ihibantinplpt Sikebelofe OIRAS Altematifely,emachined polymer may
arrangenment of the bone particles within the,conE?FLte

i pedivatedibrieBy do redyre susircp piresses YRR fheapdifnggnachning.
assenbled in layers in which the direction of

or i ent ghj i 0 | if ¥&Edkilled in the
| ayer S%{P&Qe@%g@?@nﬁaﬁg?ﬁe gglﬁ%ﬁ? e%%fj%%%toﬁ,eth%' or

byars Gom atchesidaatpreof te dphaificstivn doprctar of hedsvapipaatisclosed

to farrii_ a 15 spi t hrough. t he stacked | ayers. The
 Gybn! oy T30 Bt BeoHhGos! SRR, odBfteed as
c O&Jeh‘% bhBNwith (MOrGDsRPE GRS SpiMEot Y BvBnéebeing indicated by the
conti nuolsly offset by sone specified or random angl e
f riohtowing gaiesedi ng | ayer. In anot her enbodi ment, a
bl ock tpe fonggstte material nmay be mlled or

at 1s claiméd is:
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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 incorporgated herein by
reference. In a preferred enbodi nent, the conposite
particles incorporated into the 25 pressed shape have
t ELsIM® and shape described in the '187 patent. The
conposite particles may be mxed with additiona

bi ocompat i bl onponent s, ingl udi n bi oconpat.i bl e
bt o e raefhof of BrOARARE R Bones Pt Gimosd STBRLiE
bi ost atﬂrwimhgqipdghli@gga&ﬁa, paftifldsace active agents

(e.qg., surfactants), bionolecules, small nolecules,
bi oact icpEbiRsths bonepasticlegyitlp presurserefi aRjocogipagiplegiplymer; and

conpr esg ' i c . Part i
CoP! SELA e SRR BAELIC B PR ALIAEL S0 e bon
i npl ant by paeticlds aanidntheapdpneiized padyméere pteeutson duekarasfierized by

U S. Patent No, 5,507,81 t he. ti. 29 t ent f
whi ch gr:niﬁ@%PﬂB?iPgggﬁ§@bﬁﬁfﬂsﬂwéggrence?o$h:n > °

conposite particles are slurried in a suitable liquid

arxl cashtheanethod of ¢higlChwiggeia pblyaierizingahe poigsier prt@edr, comprises
or a three-dine siongl no“g. The Iiguid may incluqF I
addi t i GH&IOTBRYE drhsaessinkinge W&R@Fﬁ‘é’ SIgesEfiepuRg the molecular
above. JhentVet 1HeApbIeP REREDT, Bkl ekctihg) cBAIbACbéhdR linking the
entangl enent that hélps the final inplant retain its

shape. pelymdriged pelest precusearwatinthe bpee pesiglesi t e

particles may be achi eved by including an adhesive in

t i gy Y, y | ' [

k-1 o epmEhoftior, HEY, MkkEr A BoRE ftursy g o ected fom s
f r om t meorenteang! pepotmser, by foaablenpalymey apwlr at paskially polymerized
Alternatively or in addition, the entangled nass of
conposﬁP fArticles may be subjected to a conpressive

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

mass ofTheamtthed @f clatmblei faghdrdoathrising iafiltating tiapolymer precursor
enbodi nent, the conpl.eted . conposite_is.renelted and

ol ded TACE oGS FUATEREHE SUIEIEHIELPE PRER Girer

will flow upon heating and may be reshaped w t hout

e hi NiT@. mdihed BOLINIREN, WRMciehé BbhephriéleLxicsuReEd tidm the group
forma particul ar shape or nolded in the shape of

| L : . . a .
desi r edopsipingmt nopdenyineralizeddgnq Bartiplsy dlemfniprajiged bone particles, and
alternqﬁ&ﬁgaﬁ; g¢ ment, the conposite is at |east
partially nmelted and inserted into an inplant site

before cooling. Alternatively, a nmachi ned polymer may
6. The method of claim 1, wherein the bone particles are obtained from a member

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

bone, and mixtures thereof.

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

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

invention will be apparent to those skilled in the

art froma consideration of the specification or

practice of the invention disclosed 20 herein. It is

i ntended that the specification and exanpl es be

consi dered as exenplary only, with the true scope and
spirit of the invention beingglndicated by the

followng clainms. What is clai'med is: 30 CLAIMS 1. A

megt hod Tk nRdtRsUSH N8in 1, DORReiR Ghy Pie u@tigIesirt @bout 1% to about 25%
conprising: providing a plurality of bone particles;

conbi nibygveighd obthesomRPYifecl es with a precursor of a

bi oconpati bl e pol yner; and 5 polynerizing the pol yner

ProECUr SOE mhl & dlaibd'E vHEGH HRORND BhURRS afdibolO®% to about 50%
particles and the polynerized pol yner precursor is

char actbgrveighd obthe comphsiiei cal penetrati on and

infiltration. 2. The nmethod of claim 1, wherein

p%y”eﬁ‘h% \ I (ﬁeﬁlny ﬂ%ﬁhepe[il? ;t‘l‘l‘érb%(ﬂE GRS larCabouP 546 6 about 75%
nore of cross-11nking 'the polyner 8recursor,

i ncr eadbiymwpightof thelcempbsite. 10 wei ght of the pol yner

precursor, and creating coval ent bonds |inking the

pal,ynmerd, zed . po r. equr so i th e fol | 0
e e il Ty Epeleh® phiERIsS AR H45R16Sbour 092
pr ecur $9rwdight o€ llRecbegodittom a nononer, a prepol yner, a

fl owabl e polyner, and a partially polynerized

pol.ymer, 15 4. The nethoqd of claim 1, further .
e degrtod PF P g Sinerin ot (s b irthe ppps,paricles e
the vasgspae. and interstitial structures of the bone
particles. 5. The nethod of claim1, wherein the bone
particles are selected fromthe group c¢Qnsisting of

ndrider MbEEREhPS &f chdmels Pty IsTenMALEPE Actirizpn ol the bone
particlgsi@and mxtures thereof. 20 6. The nethod of
clainlf, erein the bone particles are obtained from

a nmenber of the group consisting of cortical bone, )
cadcel IThasmesberd of elsimi Po wherrie Magifyinghip s facg rgmprises attaching a

m xtur %ﬁaﬁehcegu?)ﬁﬁg agent to the bone particles, wherein the silanc coupling agent
comprises an active group that is incorporated into the polymerized polymer

precursor.

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

multifunctional.

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

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

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

the group consisting of a biomolecule, a small molecule, a bioactive agent, a
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7. The nmethod of claim1l, wherein the bone particles
are obtained froma nenber of the group consisting of
aut ogenous bone, all ogenic bone, xenogencic bone, 25
and m xtures thereof. 31 8. The nmethod of claiml1,
wherein the bone particles are about 1% to about 25%
by wei ght of the conposite. 9. The nethod of claiml,
wherein the bone particles are about 26%to about 50%
by wei ght of the conposite. 5,L0. The nethod of claim
1, wherein the bone particles are about 51%to about

75% byioM@idbicallly hdiReCbieasl ta@. inddganithMat®ib) o ndheral, and any
claim1, wherein the bone particles, are about 76%to

about § lnayowﬁtaﬁﬁbqyﬁt?H@S&ﬁrﬁwgplergagf@ The met hod
of claim11, wherein at | east about 60% of the bone

pagt i ClTeg A&tRod P cBiBNDRLWherehs - thel BRan¥ed ?ﬂn%fagéﬂt dhélhdes a non-
further conprising nodifying a surface o bone

par t i clbisompatiblgieavingeh®. of cl ai m 13, wherein
nodi fying a surface conprises attaching a silane

giqul | Ae qg?ﬂéd bP g ﬁ@gle 19a{vi‘1él%lneﬁre f%ﬁf}pis ink&Porated into the

ane coupling agent 15 conprises an acti've group
t hat i polyneorgbpayedr pnetlusctrlmf lpnhb@ msthﬂ pelynpuizgdrpelymer precursor
precur erein the
act | ve%é Paﬁ%nsl?% OEB%VgFGEE%I{q %Oﬁla(iovglnﬁm IHI[?HC P¥ncti onal .
16. The method of claim 13, wherein the step of
nmdi f yiThg mahgad of elimat ]t3a®\lrliemjn anod@ingt thachifag: eommiset yxposing
selected fromthe grou 2%5 tin % of a bionolecule, a
smal | foYagenfbersgt fies ?qe\P g Patticledn_bi ol ogi cal | y

active material, an inorganic rraterlal a mneral,

ard, anyrhs edstodadficimeD, furBertdoaifRising ﬂfalyﬁlghﬂ@@(posed collagen fibers.
particles. 17. The met hod of cIa|n113 wherein

ifying a su rises attachin si |l.ane
::négpl i ﬂg‘ d Qfgéi@%é’ b SPEPEFRG crerhaking R 9 Ggosgd collagen

nDietyﬁg%gected from 25 the group consisting of a
bi onol ecul e, a small nol ecule, a bioactive agent, a 32

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

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

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

bone particles in phosphoric acid.

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

26.  The method of claim 1, wherein the monomer or prepolymer forms a polymer
selected from the group consisting of poly(phosphoesters), polysulfones,
polyfumarates, polyphosphazines, poly(alkylene oxides), poly(arylates),
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non- bi ol ogically active material, an inorganic

material, a mneral, and any conbination of the above

to the silane coupling agent. 18. The method of claim

17, wherein the silane coupling agent includes a non-

bi oconpati bl e | eaving group. 5 19. The nethod of claim

16 or 17, wherein the noiety is incorporated into the

pol ynmeri zed pol yner precursor or |inked to the

pol yneri zed pol yner precursor ,,by a nmenber of coval ent

and non-coval ent interactions.” 20. The nethod of claim

13, whebBidhhyBEddsy, i NEblyihedduy f aRlsk onuliaess, exgdgortio  esters),
collagen flbers at the surface of the hone rticles

10 21. Prlysarpanaiesd ns)ﬂy(em&mﬂ?cfm@ﬁs}\eml&@m’ aEoREs): polyamides,

frayi n%8hg§lﬂ| 1! 9151§dp n%’lcgﬁ&e o lat%ﬁﬁ&‘ p%%' I)Pilﬁdéﬁmphﬁ@dl@f(anones)

claim er co r|3|n ross- | ng t he éxposed
col | agenlyhjdiorylmityra®, Thelyhytitessivaljratsl ai npcdy(vinylr t tsfrolidone),

conpri rlvat|2| t he exposed flbe

Wit h asbh%\%g'i@ab%‘el ectt® ?Iboﬁ’\miyﬁagesgr ougt’?%dg%g@a I'ng oé(ﬁ%l\mthanes
bi ool eelkgcharidesRl hyrd&insvbased ul golyraerd ooly(piercddentpolydaniline),
non- blologlcally active materia

|
mat er i &LYURIGphERS | POl ﬁﬁ@e@nyn%mﬂ%ﬁ%}%r TBE“I‘i%th%Pc?&v golyureas,
24. Th étﬁﬁgn@fvu&gadcg@aé§ Wﬁ&l@nﬁ%lﬂ&ﬁ&rﬁa‘cc polyethylene,

surfac nprlses shin bone particles
phosphelyethdient: 0x3de), mqienmm aiddyictscngl qmplywré ﬂ@rtwf
the pol yneri zed pol ynmer precursor is a polyner

20
S!S PE D S S LG el

pol ynempsecutsor pirttyreen 8 nufld befordpobdegrzatabl e  pol yners,
and co- pol ymers of bi odegradabl e and non- bi odegr adabl e
d.of claiml1, wherein the

neth
Onefﬁ%fn{%%ﬂ9 %ﬂﬁgr 'gpﬁ%cmnﬁgW§%er sel ected from

the gr q#aﬁlan%alyaiemglg@lﬁe Piméiirespdeest er s)
pol ysul f ones, onfunarates oLé§Pos h z

pol v ( aloRBERE ‘BRlidd‘éIQ‘) the geftighly P9l

poly(a 1
poIy(o??ﬁ%kggggégnﬁﬁgﬁke¥g?%gﬁg?gggﬁﬁaFﬁ propylene

funerates), ggoly}caprolactones) polyanldes pol yam n

adi%s, Thsimetbed af slaimd), Jurher icaaprisipg|shaine Hiei s, particlepolymer

poly(dl 5{0 Y, fi fab a

pol yhy d)?%:%&\%g?%%t il X@P{ fvﬁe?réﬁyiﬁr%ﬁl% g u}) consisting of a bone,
section of a bone sheet plate, particle, sphere, strand, coiled strand, capillary
network, film, fiber, mesh, disk, cone, pin, screw, tube, cup, tooth, tooth root,

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

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

completing polymerization.

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

particle mixture in an implant site before polymerization.
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5bi odegr adabl e pol ycyanoacryl at es,

bi odegr adabl epol yur et hanes, pol ysacchari des,

tyrosi ne-based pol yners, poly(pyrrole), poly(aniline),

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

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

acetate), polypropyl ene, polynethacryl ate,

pol yet hyl ene, poly(ethyl ene oxide), and m xtures,

adduct s, and co-pol yners ther% f. 10 27. The met hod of
claim1, further conprising placing the bone

pant i ClTek RRYNIIRST cldihEIC WirfiRF cohprisiiembdifdng®ktfRe bR composite
pol ymeri zation. 28. The nmethod of claim11, further

conpr i $fteigpolyrperizatian.| y pol yneri zi ng the pol ymer

precursor; charging a nold with the partially

Paky Mering Gl iR &F él@illni 38Nghdon GREBLE bf %d@rﬁé@ﬁrfa@& le@Rprises a
to formthe bone-pol yner conposite. 29. The nmet hod of

cl ai m Inenfher ofidhe gronpcossisipgsiapiidiging lak ldasine portion of the surface,
particl e/ pol.yne ecursor Jm xture | . sh .

Sel ect SPPFHY o odg 8 RNIoR o P stfesy Mgk East 2 portion of the
sect i oRudiceardudinmg aShiegiolecle ainethe Rarfiider kedginimp resmeall molecule on
strand, coiled strand, capillar network, film. ) .
fiber, Heetyilacy; wlaimpg gdogsiiye ag{!rtéw, the jyeaces fgaInngadn, inorganic
tooth roplal of CheSdubfdte, rEMER 2 MRfetdl OR 18 supBEYBind any combination
cylinder, threaded cylinder,” and rod. 30. The mnet hod

of cl aiofile,abbve-t her conprising partially polynerizing

the polyner precursor, putting the partially

PG4y Me ki ] reingap 4 . S| s oC ' :
ol merE e o il R ARbris, Foapfling B GRioRe into 2
conpr i shapg fplldwinp ghet shep fglolymerizptie@cur sor- 25 particle

m xture in an inplant site before polynerization. 34

32.. The,net ho | onpLi si .
ot £ y1 8 PRt e hereldhb B SRS 6 the group consisting
pol ymerlof Zabére a s#dtionl bE areinbOsheef, pattilen spRerendteand] voiled strand,

the step .of nodifyi a_surface conprises a nenber of

the gr Gﬂﬁb‘ﬁ@é’ n%fit‘g?‘i){‘n gﬂlaf ﬁgﬁ‘(‘" dneshnplatgy dis a§?% PIbrTih tube, cup,
of the 154tk 1868 roct, itﬁl@,g%%i{%b,%rﬁ&n dfSARlbe, yRRddr] Afka@d dyili@ider, and
surface, etching at least a portion of ghe surface,

retainite a bi onol ecul e on the surface, retaining a
smal |l nolecule on the surface, retaining a bioactive

SGent i of ai ni g " o _
ST BNV S5 1 CHOAD BB IBSORRLS LS i
and anyieoeniii cvatposite together.

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

combination of the above.

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

osteoimplant.

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

force greater than about 1000 psi.
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of the above. 10 34. The nethod of claim?11, further
conprising machining the conposite into a shape
following the step of polynerization. 35. The nethod
of claim 34, wherein the shape is selected fromthe
group consisting of a bone, a section of a bone,
sheet, particle, sphere, strand, coiled strand,
capillary network, film fiber, nesh, plate, disk,
cone, pin, screw, tube, cup, %% tooth, tooth root,
strut, wedge, portion of wedge,” cylinder, threaded

CW0L Ndehe niéllod &daim3$8, whefin e RethpBiiteqlattidiRsIde compressed with a
further conprising fastening a plurality of machined

pi eces force befses phqut %%Weq%wtﬁﬁ%m@l- net hod of claim

36, wherein the machi ned pi eces are fastened together

WD 28,8, 0RIPGF cRimaik, JAREI VIR cdnfBSBRRbSBbsite particles have a

fastener, ultrasonic bonding, and any conbihation of
t he abowil vid@ne Mpfeereaseritbah B.cl ai m 1, further
conpri sing machi ning the conposite into particles

af frer ' L0 | ; ' 1 i
o an SRR B (1t S8 JuREERASRTCAR BRI o ToRPOR particles
wher ei nwitthemembrposfi # wetfiag bgak, ésocampatidebindss didlenifibbr, plasticizer,
force greater .th about 00 psi. 35 40. The, net had

of I alifRC BgFATAL, 4Rep SuEaTR, BEYE g PEmeletiey small molecule,
CONMpr 5@tV ddend ah@EBEcoREiNRRA of HRWbovibEMora RIMBRBtHG.

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

conpressed conposite particles have a void volunme not
grdéat erTthgﬁhg%’ claim 33, prhsrers theoePTRRTeSSE CoRngesite partlc?es have a

f ur t hergh SN dc &l Neork WDEBLR dodiRing FFRAInE Ca RREibA 6F 8Bone, sheet,
with a nmenber of a wetting agent, bioconpatible

bi nder ,pldt¢.|pagicle, fplvae, strpnda seilast stiand, capillary network, film, fiber, mesh,

bi ost at j. i.oci dal n surf act v g , :

bi onol éfé% ke%,ogé r’gﬁ’l Sc?r%?’eca e P g:&%g’cﬁo\k/he??g’eﬁﬁ#’ 35 eérﬂ?mon of
conbi natddge, @linddrathaadateebialiar endyodpr essi ng. 43. The

met hod of claim 38, wherein the conpressed conposite

pasticles haye.a . 10. shape sel ected.fromthe grou .
co 43 i Stﬁﬁgmﬁ%og (Efo ?‘{l@}m gﬁs FTo ROTGPIISIng, dﬂaéunérré él%e, lgomposne: nto

pl ate, faalddsGhewesRRigahe Pirticloglio fofth b dstedimplut.
capillary network, film fiber, nesh,

45.  The method of claim 1, further comprising heating at least a portion of the

composite to a temperature at which the polymer flows.

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

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

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

polymer precursor.

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

volume not greater than 32%.
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di sk, cone, pin, screw, tube, cup, tooth, tooth root,
strut, wedge, portion of wedge, cylinder, threaded
cylinder, and rod. 44. The nethod of claim1, further

conpri sing machi ning the conposite into 15 particles

and wet-laying the particles to form an osteoi npl ant.

45. The nethod of claim1, further conprising heating

at least a portion of the conposite to a tenperature

at which the polynmer flows. 4656 The nethod of claim

45, further conprising inplanting the at | east

pawt i althy mdiRdd T¢I SR Sirther Edthyistly domiiig (il HoRe particles with a
before all owi ng the conmposite to cool. 20 47. The .
net hod Tefmber Hing Ivetting tagent, binsermpaiible Riedesr SYes. fgbernalasticizer,
pl urali ti ther i

pr edet g&#aﬁé@pﬁﬁb ea%glifitf e ‘ra}f%b%n‘%?[ﬁfl%n g&"ﬁ e%o%o%eﬁulteh eSmall molecule,
pol ynebigucteuageot, andiéhy cbnbimatiph ofithefabotedhefiord compiessiag. n

the conpressed bone particles have a void volunme not

great ert han, 32% .36 9..The thod of ,claim 47

7 (0 her Mo Phgls A whstg e oS rioft Faitlgs g a shape
menber selkctad eht therageednsisthg® 6D apaid, al seclidrnoles bone, sheet, plate,
filler, fjiber, plasticizer, biostatic/biocidal ent, )
sur f ac ®AHEfG fRheiy alpnd, P hatieat o lapapetvAT i yer, mesh, disk,
bi oact icyge, 361 NerevANEb RYip CRBI, HéHih %bt,oémit,h%p&éé?}]ﬂsmon of wedge,
bef ore conpressing. 5 50. The nmethod of claim47,

wher ei gylitger.ghiepdadaoybindesomnd rpér t i cl es have a shape

selected fromthe group consisting of a bone, a

seGtio e ”ﬁ@% plate, particle, sphere,
s?’?and?\%rfl esg%gt?oa ,ﬁ{cgé\pi [lary network, film fiber,

mesh, cdipkalityodbene particlesendw, tube, cup, tooth, tooth
root, strut. wedge ortion of wedge cyl i nder

t hr eaddaPByimehastursgf geles fomss oy g Piepgmer a fowable
conpri si ng: babchhphidlé t Yolghe Ol pArdattilig@golydhdtizad biocompatible
pol ynmer precursor selected froma nononer, a

prepol ymer , PAIYMEHRENTEN: bi oconpati bl e pol yner, and a

parti ald y- ' [ atd ehp:

15" ¢ ho U coRpHTRG, 38 T R i BT, S polymer
that, when pheusof igmpetymapized; wt bost a orpwl ofithe intersiitiahend vascular

least a por ts ocQur%foftthe bc'mrt]et I?th%ctlést fs%ﬁl@rgfjed\ﬁ%stﬁéj lpglgzmerized polymer

precursor.

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

covalently linked to the polymer precursor.

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

polymer precursor.,

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

particles, and mixtures thereof,
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structure of the bone particles is infiltrated by the
pol yneri zed pol yner precursor. 52. The conposition of
claimb5l, wherein at |east a portion of the bone
particles are 20 covalently linked to the polyner
precursor. 53. The conposition of claimof claimb51,
wherein at |east a portion of the interstitial and
vascul ar structure of the bone particles are
infiltrated with the polyner jprecursor. 54. The
conposi tion of claimb51, wher é'n the bone particles

arsg, sehgg tcgﬁlpf)ﬁg&lb bPelaimd 319 0RERiF MRk igaftichs are obtained from a

nondeni neral i ze one particles, demneralized bone .
parti clmesibenred the »erenre sonskpbing off. cogtical 3%ne, Tepucellous bone, cortico-
conposi | f,. ¢l aj |1 the bone particles

are obf%#%gﬁ%ﬁF%ﬁﬁgﬁkgéggﬁqg%gyﬂe group consi sting of

cortical bone, cancell ous bone, cortico- cancellous.
béhe, dhd coinpbsities of hkiredfl, whéreiTthe worpegiddsoare obtained from a

claim5l, wherein the bane tjcles are ohtai ned from .
a 5 I Bf e OB e PLloRFRPS PO AR fone. *¥bgencic
bone, abhQgrMhExth@EGhersoEnogenei ¢  bone, and m xtures
thereof. 57. The conposition of claimb51l, wherein the

bone particles are about _1%to about 25% wei.ght of
t Ré: coﬁ%wme?s'@g& Of?ﬁ@nb%haﬂ?mm gwﬂweaaﬁwfﬁ%sﬂf atsbut 1% to about
wher ei 56, PABR JTd domhRBit@dr € about 26%to about 10
50% by wei ght of the conposite. 59. The conposition of

claim5l, wherein the bone particles are about 51%to
ab8ut  Thsspmposikieneftclam tlhahewsHpibs bpre pPaticlesrig about 26% to about

conposishiof, Ofiofil FilE Rpolier €i n the bone particles
6%t g

are about o about 9% by wei ght of the
conposite. 15 61. The conposition of claimb51, wherein
at59| eadhe gbonesidoreioflainhd, Mharsipte boee pasticlay &e about 51% to about

el onga 62. -The ition of claimb51, wherein
surfacgg%g%gWﬁéﬂﬁgﬁ@yﬁga*%%?es are nodified. 63. The

conposition of claim62, wherein the surfaces of the
bdfe pdhticompssitwreof claim 51, wherein the bone particles are about 76% to about

99% by weight of the composite.

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

are elongate.

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

modifted.

63.  The composition of claim 62, wherein the surfaces of the bone particles are
derivatized with a silane coupling agent to the bone particles, wherein the silane
coupling agent comprises an active group that is incorporated into the

polymerized polymer precursor.

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

multifunctional.
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20 derivatized with a silane coupling agent to the
bone particles, wherein the silane coupling agent
conprises an active group that is incorporated into
the polynerized polyner precursor. 64. The
conposition of claim®63, wherein the active group is
nmonofunctional or nmultifunctional. 38 65. The
conmposition of claim62, wherein the surfaces of the
bone particles are derivatizedowith a noiety sel ected
fromthe group consisting of abionolecule, a small

mgbecullBe c8mBbee6t b¥ elang &2 wherdh0 thddiiRf0gy 6AlHeyb@etpavticles are
material, an _inorganic material, a m neral,

Conbi ndeT ezt wilha Ty clegicd famifh erous opRsifting |°g§%1%016°u16 2
The CoE‘iHSl?'ﬂlbl@E‘ule aChidhdlyE2agef1 €} Sidh- ﬁlnﬁ‘:gﬁkﬂﬂ}; %E$e Ghaterial, an
the bone particlés are erl%atlzed w th™a silane

coupl i mgrgeganmagnidl, whainstah, artdearsi temignamptli thg abgento the bone
is deriyv tlzed with a noiety selected fromthe group

consi sPf @ °f a bionolecule, a small nolecule, a

bi oactive agent, a non-biologically active materi al,

ane. 10Thﬂ@bglpné.momaf ehiml 62, avierairetisd surfaaek amhe bone particles are

conmbingtion o ove. 7 The osi.tion, cl aim

65 or @Wf%ﬁ%‘{m th AgPu {peiagep %ﬁ&?&&e st Cypling agent
pol ymegd c?eﬁ@ati%éhmfa ﬁbﬁ%&@fedm {he k&b doBsibtif of a biomolecule,
pol ynmeri zed poly recursor a menber of coval ent

i nt er adtymnks momnlf—‘c@v joagiive aﬁeétr aa:mp@ﬁsoloa%ﬁiﬂy agtlye material, an
conbi n APAas of
cIain1gBﬁ§ﬂ%$é?%H%o gé%ﬂ %éﬁgggoéggmgxposegagﬁgthe

surface of the bone particles. 69. The conposition of

cbai m 88 comnposition oftdainxgfosrld, edicteiythe Meibleris ingpeporated into the

L gl RE HPRoE g AL Sy, s

CONMPOS bicc@Bo10by & IndinbedBf cwhdde iitetabitorg xpasaclakzal Inganions, and
fibers are derlvatlaﬁg with a noiety selected from

the gr 8WPCEEHEILON A O%¥¢-bi onol ecul e, a snall

nol ecul e, a bioactive agent, a non-biologically active
mgReri ghe cafipoditis GXMifh IOWRSHInGolldgdil tRFAdre eRpibedBthe surface
combi nati on of the above. 72. The conposition of claim

62 whepPEthg beprepastieles.particl es conprise a coating of

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

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

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

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

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

calcium phosphate.
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25 cal ci um phosphate. 39 73. The conposition of claim
51, wherein the polynerized pol yner precursor is a

pol ymer selected fromthe group consisting of

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

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

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

bi odegradabl e and non- 5 bi odegradabl e pol yners. 74.
The conposition of claim 73, erein the polynmer is

sel ected fromthe group consisting of

Poby ( plras phapsi@inSdf cl@iﬁ{ ¥ B Ul AR08 She PollydnkHFRIN @il @Ger precursor is a
polyphospha2|ne y(al erne oxi des)

pol y(ap9! B’@Fésye ef;sesf yfrawmﬁa@ i GERP, cogaﬁty(ghwfr cpigdegradable, non-
aci ds) IS, t f non-
00| ycar o %ﬁgazﬁee po@ﬁh%ré %g‘pﬂ;?% %ﬁﬁ?ﬁlﬁepolymer co-polymers of non
pol y( chmdagrambm em)lymp) yamd despolpméryamin eomj@gx@ggble and non-

pol yacet gl s l.acti des, polyglycolides,
poly(dgﬁg gﬁggyylwﬁnghydroxybutyrate,
pol yhydr oxyval yrate, poly(vinyl pyrrolidone),

bi7edegThel abmpodiidry 6fyclniant ywidrein, thd pbolyegr ddsddceed from the group

pol yur et hanes, Iysa rides, yro
pol ymefF¥SISHBE v ( pVh r o|p@;:y Swplgp(egl"q{s i nepoi}i@l?ones polyfumarates,

pol y(tp blﬁglﬁ%ﬁﬁgzmegmﬁé?}(ﬂ%ﬁe BﬂBeSE %%QE@M? poly(anhydrides),

pol yur et dr eas pol y(et hyl'ene Vi ny

acet at E‘?Iy(lp’di@ipir opgﬂﬁ@ne polissigrret head(prthe e, estérs),  polycarbonates,
Baduct B ERGROHEEL Fi1EcaSLAebped bRt Fyamino acids
of cl abMy&:btaly;her ei polylaetideb,ur al i pylyplycddodes, part po]lyeﬁoxanones)
are to ether ' redet erm ne

6. ThEORBHBOSIMBeor PRy AR E el n BV - pyolidons)

conpr espAckrBdbld Cl epolidyModeryRied, VObibiBgradiblgr ea@yurethanes,
t han 32@6%% The co%bggytlonyof cIa|m75g]ﬂfurtherpayur

conpr i 8¢lxepcehavsber tyatsine-bised omohimiat.e PHlyYEPlE),  poly(aniline),
LRt e

bi oact puig(ctigéeate, viagtl aegtyte) opypragylare, qi)l}tnhmhaczﬁata,bpv]gathylene
78. The c Siti of ,cl.aim 75, wherein the sh

ol ect BlSRBg cxfihyand SRl it Sralisg-ngnsts 8feok.
consisting of a bone, a section of a bone, sheet,

past i clTae cbthposition of claim 51, wherein the plurality of bone particles are

compressed together in a predetermined shape.

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

volume not greater than 32%

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

above.

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

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



10

15

20

25

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

| oad- beari ng osteoi npl ant produced by the steps of: 5
providing a plurality of bone particles; conbining the

bone particles with a precursor of a bioconpatible

pol ymer; and pol ynerizing thg“polyner precursor to

forma conposite of a polyner and the bone particles,

wher ei Rpkdie, JiAhEr {ated shahd\eapillRendtAbk, P! fi6be InaRdplate, disk,
the po ynetized pol ymer precursor is characterized %y
nmechanic€8g. Pin.CsCH¥h éﬂ%@atcpb,ntoa% toqil ety strytoyyedgse porfige of wedge,

ost eoi @ii&@r: tﬂxfea&Jdadez[& S, anhegei n pol ymeri zing the

pol ymer “ precur sor onprises one or nore of
cross-linking the polynmer precursor, increasing the

mol9ec ulfnloadebegring asfeotrhplagggirgdused by thesteppel: and

creating ceval ent -hon | i nking., the polymerized

pol ynme ﬁ?@g%? gFﬂayPﬁg?ﬁ@mggﬁg’particles. 15 81. The

ost eoi rpmditingthe bbwd partiiQes wiltle & prebuitsbico fladliyovhipatible polymer; and
precursor is, selected froma nononer, a prepolyner, a

1 ovabiPe! rthe gafymer BECRYSS W%HBI ay?PémFOf@% ok Felyime? and the

pol ymer. 82pofdBarfisies QitEetiAMe Rierababiivésh tHeNRheiphrticles and the
bef ore the pol yher precursor is polynerized, the ate

| east a por PPbmesizeq hpolymee upreuraprd is nichargetptifag| by mechanical
structure °&wn5§h$§§m§ﬁﬁﬁnﬂ%@tiCles are infiltrated

with the polfyner precursor. 83. The osteoinpl ant of
claim79, wherein the bone particles are selected from
t 9. grihweposteonsplenti of claim i dewrsie malymettidgothe polymer precursor

particles, .dem neralized. bone. particles, and m xtures..

P her corOTASS iR apus i and afi e eoraer Hikuat Hpfidsine he
bone paidledullL sveigte of Hetolaterfreviicsdr, 428 ch@ibg cowdlert: bends linking
group consisting of cortical bone, cancell ous bone,

cort i cdbe RAWBenZcd pelmsh precuiser With therhoge pHEFlES! . 41

85. The osteoi nplant of claim 79, wherein the bone

Pt i Cl&Z RieBingiAioR 8Qirh 79 RvRerBRITRE polPhet E&cﬁ}%&q@ selected from a
consi sting of autogenous bone, all ogenic bone,

X enoge mednemepop eprepadymen, > dlowsblehpelsoer, and a partially polymerized
polymer.

82. The osteoimplant of claim 79, wherein, before the polymer precursor is
polymerized, the ate least a portion of the vascular and interstitial structure of

the bone particles are infiltrated with the polymer precursor.

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

particles, and mixtures thereof.

84.  The osteoimplant of claim 79, wherein the bone particles are obtained from a
member of the group consisting of cortical bone, cancellous bone, cortico-

cancellous bone, and mixtures thereof.
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86. The osteoi nplant of claim 79, wherein the bone
particles are about 1% to about 5 25% by wei ght of

the conposite. 87. The osteoi nplant of claim 79,

wherein the bone particles are about 26%to about 50%

by wei ght of the conposite. 88. The osteoi npl ant of
claim79, wherein the bone particles are about 51%to

about 75% by wei ght of the conposite. 10 89. The

ost eoi npl ant of claim 79, vvherﬁi n the bone particles

are about 76%to about 99% by "wei ght of the

C@BPOSThe 0sBBimplite FlLR1 TH) vaditei® theChatePariflesVdie oBiathed from a
at | east about 60% of the bone particles are . ,
el ongafmembg of thy grayptcensisHE ruECenaus bafc gllogmis homp, xenogeneic
surfac ticles are 15 nodified. 92.

The osf%é%??%%(?gﬁ’%tt}%?ﬁigf)%?m 91, wherein the surfaces of

the bone particles are derivatized with a silane

cétpl i dye asterimplant phielaivoA®, yharein dhebone\plagicddsrarg peout 1% to about

si |l ane upl i.n ent _compri ses an active group that

IS i nc()??%’go at e ﬁio;f?%e %Oﬁnémglgﬁr'yner. 93. The ost eoi npl ant

of claim92, wherein the active group is

méfAof uiht ostagiinpbmt oP&laimu? 9, ivhereit therbahe p@tcledTare about 26% to about

ost eoi 3‘&1 nt_af claim91, wherein the surfaces of the

bone partd B ¥Leh ol theLOMEPSHS ;ed with a noiety sel ected

fromthe group consisting of a bionolecule, a snall

M3BecC ulThe oftebinpiait b¥ €laidg?9) twheteimthz-bohebagtleahre wbauttsl Veto about

material, an inorganic material, a mneral, and any

combi ndtTedty Beight Ofi-t he bone 25 particles. 42

95. The osteoi nplant of claim 91, wherein the surfaces

ofgot he TheBGeiaipldnt bESaidt #9, dHetolRiHeZR e Partibleflardiabare6% to about

coupllng agent and wherein the silane coupling agent

i s dePPYdni weightgfthe eommesiét.y sel ected fromthe group

consi sting of a bionolecule, a small nolecule, a

biggact e o8Q6MIplark of @R 179! QAR di YeRCSHOLE 60R I thdbone particles

an 5 morgamc?rraterlal, a mneral, and any

conbi natd adengafe. t he above. 96. The osteoi npl ant of

claim94 or 95, wherein the noiety is a nmenber of

I RGOrp t I th YREr | - P r Mo nets

ang' i ﬁ&lg dg%teglrpélgntpgf yc%gllrn 7 Jw‘ﬁgrgm %Ye{ggsr oP"HE Won  particles are
modified.

92.  The ostecoimplant of claim 91, wherein the surfaces of the bone particles are
derivatized with a silane coupling agent to the bone particles, wherein the silane

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

93. The osteoimplant of claim 92, wherein the active group is monofunctional or
multifunctional.
94, The osteoimplant of claim 91, 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.
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by a nenber of coval ent interactions, non-coval ent

i nteractions, and both of the above. 10 97. The

ost eoi npl ant of claim 91, wherein collagen fibers are
exposed at the surface of the bone particles. 98. The

ost eoi npl ant of claim97, wherein the exposed col | agen
fibers are frayed. 99. The osteoi nplant of claim 97,
wherei n the exposed col |l agen fibers are cross- |inked.

15 100. The osteoi npl ant of clgin197, wherein the

exposed col | agen fibers are dérivatized with a noi ety
sekect gt okRPnigMht B QURMCT St ieréin Gh burfackl ONMLEscEparficles are
smal | nol ecul e, a bi oactive agent, a non-bhiologically

act i vederivaiizedawith a silanesonpling agentand vheren fherlars equpling agent is

and an
ost eoi ﬁ”pe'?‘gﬁéd;?ml ?%é}&g%ggﬁ?ré&nm% %Joug EEIESI%%I tolfg bcleosmdecme N
conpr i smalh wolztilag aobica@ec agant,um wineliphgicelly 1@Ave Thaerial, an
oste0|gﬁJant of clla|m79Eu erein he.golﬁﬁer IS
sel ect EPEPUHPLREN? U BNAY CPREPAHOBP 2 g7 Gabl e,
non- bi odegr adabl e, co-pol ynmers of bi odegradabl e
pGngEHhefﬁﬁmﬁﬂMMMEﬁﬁchﬁnﬁ%hobg?degﬁgﬂﬁbh@rmﬁﬂynhrs1nmnbarof
and co- pol yne abl e an
non- bi GHEGRIIED [ G2 gos Propiisor A Gk (i e polymer
of cl abp, 1Qdmpepae E@\}a[bni BferRQl I Blonlc®vehiahieRRtibNsO Bd Bith of the
group consisting of poly(phosphoesters), polysulfones
pol yf usk@vgt es, pol yphosphazi nes, pol y(al kyl ene
oxi des), poly(arylates), poly(anhydrides),

y(h
par ycar Bo dutaBp4l? o IR YE SRl (R RbGrySheRBbSieAAt tho sufuce
pol y( capthelbant pargslys. pol yam des, pol yando aci ds,
pol yacet al s, polylactides pol ygl ycol i des,

y(d nones r
po%yhygﬂg )%% gl ah% of (9 %’P \\/A?l)ég #{Fl)lé re?}%ﬁ%lec(lj 8(}}11(3a)gf3n fibers are frayed.
bi odegr adabl e polycyanoacrylates, bi odegr adabl e
péPy ur dhbasesimploolof shdmhedf, ivdesgin tthe ergionet ballagen fibers are cross-
p0|yﬁ9ﬁ$ oly(pyrrole), poly(aniline), 10
pol y(t P%%ﬁene), pol ystyrene, non-bi odegradabl e
pol yur et hanes, pol yureas, poly(ethylene vinyl
aqetat ghe ftorpRAY IENEainp Y nﬁhehamr sHeakgposed collagen fibers are
pol yet hyl ene, poly et hyl ene ggld and m.xtur

adduct gem\éqqlae(%wl b@|19q}§ty§e]pﬁt§q1 p the group consisting o a 'biomolecule, a

small molecule, a bioactive agent, a non-biologically active material, an

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

101.  The osteoimplant of claim 91, wherein the bone particles comprise a coating of

calcium phosphate.

102. The osteoimplant of claim 79, wherein the polymer is selected from the group
consisting of biodegradable, non-biodegradable, co-polymers of biodegradable
polymers, co-polymers of non-biodegradable polymers, and co-polymers of
biodegradable and non-biodegradable polymers.
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104. The osteoi npl ant of claim 79, wherein the

conposite has a shape selected from the group

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

pl ate, disk, cone, pin, 15 particle, sphere, strand,

coiled strand, capillary network, film fiber, nesh,

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

portion of wedge, cylinder, threaded cylinder, and

rod. 105. The osteoi nplant of ¢claim 79, wherein at

| east a portion of a surface of the conposite is

madi f | qle od@oikifant b Elaks t 0B wildréiA thcPpol ¢had sdRSted from the group
wherein the portion of the surface is a nenber of the
group E€OMEgi ngobf daldphesahosststighendglyselfenssd, polyfumarates,

associ j . ' € i oc| L5 h :
oatT poBPdiohrifes, BARISHRAL PpBSgD BAEHRGT Riy(anhydrides),
associ ablythwdrady amcidepr gemyestennt epoly(orthas s ettéral, edpaly¢arbonates,
a nmnera and an caomhi natj on of the above., 25 107.. .
The. oS PRUIMEPIRE BreEREn PololShisBie i, RASHEideS nablipe scics
conpr i p8Facetflk,ur al i pylyRttidas] eces pefygbeohds] t € f pslyediethnones),
together in a predeterm ned shape. 44 108. The

ost eoi PRIVAKdroRYbIEYatem 10PlyhWARKEY Ay EKe piRbEYingt  pyrrolidone),
compos %Io%e%faﬁ%ﬂgﬁﬁ e@gfycgagﬁ& esM Uh (i diBiRN1e OF  §dlyurethanes,

adhesi ve, ani astener, ultrasonic bonding

and anyolysadoharittes,on tygbsindibasabovpolymes,  Phk(pyrrole),  poly(aniline),
| aj

T

er ei es dar

conpr epsBkthyleie Pimgtekane),npslymopdene, Iplymdiharylate, polyethylene,
ost eoi np] ant of claim 109, whereln the conpressed

conpos PPR(PhyIenede). Fdyixmreropdiugtsy WO%Fwaﬁrégmoﬂ

than 32% 111. The osteoi npl ant of claim 109, further

CQOR | Fhp GsRoiEIIRR of i 791 WEGBRahé Sdrfposiie REEA shape selected from
filler, fiber, "plasticizer, biostatic/biocidal agent,

surfac _éheaﬂ‘PPR/ eorgisEing of a homs, @@¢tg@mf@, bongagheetyplatee disk, cone, pin,
bi oact lp\f{ﬁlc?eg es@%ere agg, An %oﬁ&iﬂg{rﬁﬂfi gcggléﬁ;frl%l%gnﬁg OMfm, fiber, mesh,

bef ore e st of ~conpressi ng.
ost eoi mpEe®ntybec onmrtosthngpotla rgdtustalti wedgd, dogimm of wedge, cylinder,

parti ch%%édeg%gnndm;androd.

105. The osteoimplant of claim 79, wherein at least a portion of a surface of the

composite is modified.

106. The osteocimplant of claim 105, wherein the portion of the surface is a member
of the group consisting of oxidized, roughened, etched, associated with a
biomolecule, associated with a small molecule, associated with a bioactive
agent, associated with an inorganic material, associated with a mineral, and any

combination of the above,

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

pieces of composite fastened together in a predetermined shape.
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a bi oconpati bl e polyner, wherein the bone-pol ymer
interface conprises at least a portion of the
surfaces of the interstitial and vascul ar structure of
the bone particles. 113. A conposition, conprising:

at | east one individual bone particle coated with a
pol ymer precursor selected froma nononer, a flowable
bi oconpati bl e pol yner, a prepolynmer, and a partially
pol ymeri zed bi oconpati bl e polxﬂer, wher ei n, when the
pol ymer precursor polynerizes, the interface between

t RegborMe RRIcbirkpIBR ofadint NE7, RetleydiR the? PdedRObfYdRiposite are fastened
precursor is characterized by nmechani cal _ penetration

and i nfiegetheatWigh.2 mpmbenipd aroadhssivei gnmsshagical fastepsr, ultrasonic
wher ei Roh fife IALGHSLidbAkidNG Hegkybar structure of 25

t he bone pa% [Gast partially infiltrated

with the polyner precursor. 45 115. A nethod of

priépar iThg oatebmnéar@af clagh @9 cohgyosited emmpasiersr shepadeps particles, and
coatin ast .9 i ndi vi bo articl th a

first %ﬂ(f) e§/erlrltle ralétlézuerssa{)er com rgejslrégd 1n ﬂvl\-gdewr 1]1e(81 sha ol?My

precursor polynerizes, an interface betmeen the bone

pdrl i cITélemoboimldantpnfeclam di09j s/heiedr thet @mipresdedygomposite particles
penetration a nfiltratjio 16. The net hod of

clai m 452 tﬂat"ﬁ@tﬂe TP Hﬁnga(%“m ning a plurality of

bone particles with a second pol ynmer precursor and

pally mermheiosgoinkiRart of slaind 00, TRCIRHN dompﬁt.mgre imepitec of $bibsompatible

to forma cogposite. 117. The. meth claim115
wher ei Findse @gq 128 mlzgggltlzgroiuqsgang@p@ GBEIH o AT, ce active agent,

mnom%torﬁol@ét@%ﬁaﬁ nml%mﬁ)tabth}eeaggﬂ Mm%y cdmbination of the above
prepol ymer, and a partially 10 pol ymerizéd
bi ocombafqrt)the S@IOfnemplliimg The met hod of claim 115,
wherein coating conprises spray coating, tunbling,

in zed bed. 119. The nethod of
cﬂg?n1%?%&ﬁ?%@¢ﬁg%g%g@%h%%|ng infiltrating at | east a
por t i on phfiralityef bbmd pars¢les; iapd and vascul ar structure of

the bonem caorngplaﬁljle pwiytrrt]ert hﬁergm tyenfone-po?ylg Sl comprises at least

a portion of the surfaces of the interstitial and vascular structure of the

-

bone particles.

113. A composition, comprising:
at least one individual bone particle coated with a polymer precursor selected
from a monomer, a flowable biocompatible polymer, a prepolymer, and
a partially polymerized biocompatible polymer, wherein, when the
polymer precursor polymerizes, the interface between the bone particles
and the polymerized polymer precursor is characterized by mechanical

penetration and infiltration.

114, The composition of claim 113, wherein the interstitial and vascular structure of

the bone particle is at least partially infiltrated with the polymer precursor.
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115.

116.

117.

118.

119.

45
A method of preparing a bone particle composition, comprising coating at least
one individual bone particle with a first polymer precursor, wherein, when the
polymer precursor polymerizes, an interface between the bone particle and the

precursor is characterized by penetration and infiltration.

The method of claim 115, further comprising combining a plurality of bone
particles with a second polymer precursor and polymerizing the first and second

polymer precursors to form a composite.

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 115, further comprising infiltrating at least a portion of the
interstitial and vascular structure of the bone particle with the polymer

precursor.



