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Synt hesis of a Bone-Pol ynmer Conposite Materi al
This application clainms the priority of U S
Provi si onal application no. 60/402,998, filed August
12, 2002, the entire contents of which are
|ncorporat ed herein by referencd. 5Field of the
I nventi on This invention pertains to the
synthesis al s fQr use,]j rt hopedi c
appl i cat i gy tﬁ%% %%@I@pgwxmﬁl K}l,nﬁ%ltw%t%’f esi s
of bone-reinforced pol yner natrlx conposi tes.
Backgr qufyd agilicahién | t a
osite rrlgi{ eri al dé‘ééﬁ@oﬂgg ?Ierrgptbrggg h@ P’%)%hgba? P?catmn no.
Cé%gégﬂg Bled August |1é,t 300G ﬂnmmntu‘el@gmnmusf phizhedr8 SncodSorated
\Nﬁ&]e e‘;,y fretggdded and adherent cells. Vertebrate bone
Be pr ocessed into an i npl ant abl e biomaterial, such
as an allograft, for exanple, by renoving the ceIIs,

| eavi ng behi nd the extrrEEHM theIavdmion X- The processed
bone bjomaterial can have a varrety of 15 properties,

de p endi Iﬂﬁ%mph@e@p@c‘iof the synibesis o€ compdsite emtenialst ﬁ)r use in

g tecarac er|s cs
ool plibat Bl kR o B8 B hERE S bfie-rinforced
epelppeemattonengesitssed bi omat eri al s may be processed

into | oad-bearing mneralized grafts that support and

integrate with the patient's hone or nmay alternatively

be processed into s&f keround of the lnventiofap| e

dem nevajtitzed HBROR é%d?ﬁi?dsﬁé bk

ability to induce a cellular h%gf Pﬁ{apé%ésiggn }éll}ghydroxyapatlte
Terdlagere a1d Bovaviety afft sonenliageoons priieins,t ag evamaae ren@leaded and

di di [
L TN T T o,

tdush us, af rAREHHTE Sfod NEkaftpe MH P hENGARE Be i r a
Iongﬁltme 'to heal du?fﬂrﬁ’g V\,h}f)ch thggl tg?}e&lug Itljér%}lg'b ?m?d the

ulash ety o gThe |R;|g@qs$ﬂ§1 bpee djmtpatmgal san ehaﬁe zanzdnety of
TS RUERL I SOk FRLGE P 1, o

|majslngmpbratanhdr§ct&1lst1ﬁ§ of othbrdiioinamreials Weith @fncﬁﬁi i8lcombined. For
i ng‘l_n]% ti;3 ey reg l.t in.decreased bone density around

e FFp Wt Ba‘a}@ateaa Is mayhe nipgessad intp. lopdrbearimgrmineralized
neAfe tHafRLFEYrS afd %@gxraféaﬂrﬁﬁtthégﬂué‘tﬁasbh&w Or B t%lgerxp ?1tvgly be

i n physiological renddelin ne"s ¢c
Eegesseg 191;009@@5 g@éc}abi@(pn'f@ovmtﬂmddzmmsmhzédabmblaﬁatbﬁals that have

Qﬁg% @Vl S cglgl ted W th bone and graft

resorp n@é‘?spgnsepermt bone grafts and

cert allrheb,&B f Hohs atﬁutagdrmh@ Ghskifutd thate{HRAS! o
gndogenous bone that is al nost indi Sti ngui shgg{aé%cmedwme

thaelkngvmal Whilswiansrwounds car eegshetatmwithoutf the fosndion of scar
I t t I h f d
400, e B OB e 1L o8 e
dlredbdrieeis uasisie po Is@ppd%ﬁ;ﬁl@sm‘f@i@ ld?ddﬂl%t | Meta® piﬂét §5bvid, Snd@Mbshes
bon are qui ckly renodel ed but cann

a?ﬁr%q '@f}g/ rﬁﬂ"é‘(ﬂdd@ eI feen Tk%lm@hypgalt funcnommf riagtred bone.
ERVERIm qu s%ﬁﬂié}aﬁtlg ?ﬁk\;ﬁl{ﬁgnoﬁénep W O 3, i:unplants may result

stressés
in decreased bone density around the implant site due to stress shielding.

Furthermore, metal implants are permanent and unable to participate in

physiological remodeling.
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U S. Patent No. 6,294,187, 6,332,779, 6,294, 041,

6, 123,731, 5,899,939, 10 6,478, 825, 6,440, 444, and
5,507,813, the contents of all of which are

i ncorporated herein by reference, describes nethods

for preparing conposites includipg allogenic bone for

use in | oad bearing orthopedic applications. It is

desira *9 cLINALERS: . b - r.ei nf.or ced
conpos ibjtagget %;éli[{ﬂcr eag fl% g ??c%%esreg’trn&lél%%neogﬁﬁ f g? 185 by ostoblast
i needls povrdimatedrintith bére amak giafi resdiptiorlby dbeMBREMIsPhermit bone
the %nvecPti n In one aspect, the invention is a )
oS ABTIEE 3Py b pbsiiplrigatstbly e ereesith e cadogprens bone that s
Neihest HAMNhbS inRf. O\ i | B AVARY -
bone parti cl g@?&ggﬂ%ﬁoﬁ% ﬁ%s? ﬂgmg{in\eﬁdg%é&tg{’?rlgs&\%ﬁﬁhg%e ér afts is
poimited by thecavedahle shapepmb ysiver dfzirafts artd thé ldesifropdeoptimize both the

R el s BT sameR 2ate” aHa sHTE i Srrakognd bone
bashepsae tlhi@k@&em&@e@@&tec_aﬁﬁétti{n&he%ﬁtgg E&éﬁ?&%@iggﬁgl support. In

fromone or nore of cortical bone, ous
c FioniTad.- eoatiead bpesugrafie pan suppo gliyiological dhesses butremoticl slowly.

Some_ oo BARENR PARAIBL 6 232008 B o o A3l 0§1899.939,
paa, 418855 63140, 4aBatid 3,502898, tBbQUhter8-07@M0 ofa&bﬁigﬁs artlinéorporated

or, ahout 76% 99% by _wei ght of the conposite. 2
AIEEsH By referepes, desqribssmiethoda forameparingeosmpbsitdsancluding allogenic

PA i ; . face of .the bone
pg{oﬁ: g’!lngtise@;io%:b%gggy?%gpedﬁ% ?ppelégﬁ%[s.e?l? Is (i st Iﬂg to incfease the
cotiphgthgf hgenteimfbscel eompbsith & ihareishes the BRemak bf GeSsteractions

The s{laqﬁ%cou | i ng agent includes an active group
RALHM36F R ed into the pol ymerized nononer. The

t G the

active group nmay be nonoffinctional or

mul tifunctional. In qmn%hgﬁgap&@qgvégkﬁpbodinent, a

bi onol ecul e, a smal| "nolecure, a bl ve agent, a

non- bi dNoRfiecaspegt, dbe iiveentian eis i aimethod iofiqrodming a bone-polymer
' ' l;, .Qr._an onbi nati on of. the abqve

ekl Sl RSB o B B ind B oRERHS of bone

dipagizldsy cambininpotig bohd parsicled ReitlC 8 yBlyintg pR&&Ror ahd polymerizing

additiaqn, the noiety added to the bone particles may

bl pattistes mayde demniprlzads nondgminasaliried oor aomixture of both
[ | e .

| oAbl Thil RGO Ak HonP WARMA, Clthe hone patigles may be
avbtairedsfiothage of ntone o @oeticahibbihe | @acdloas Hoa¥PasiEeb-cancellous
The coll agen fibers ma e, frayed or cross |linked. The

e_g pB% ehl %dg]tltlmé’ggf? ﬁq“f)‘@r‘if tﬁ?ayo’tf’e%‘alé Pf Jaosgragsyiliogeric, xenogenic,
biop §BhE €bmBinaflo® BRtHesdOIEGM EmbidikieRAGld ‘U%eﬁ%gﬁgles &e about 1-

non-biolo%gcally active material, an’inorga
nab & iahout 28-50%.erbalit Sbi75%orreaboot e %P0 hy efeightof ehe cBgposite.

b icle | d in phosphor i i d.
APTERRYHy S 5 adfitord g 304 P BariBlsR B g angals t
t he polAy B@ifacer FCME e IRHIS HlyhRi &edﬁﬁaffi Fk?rde;agﬁ'ﬂp'fb,aa silane

| arger quantity of polymer precursor. At |east
p&PUnlsg agent may \hesaitached tonthei bemerpsrtialésal The silateucamplifig agent

 PELRRE SRR B, R e Wb PR T
bacttieq izasipbIngayoben aivnbiiddesiadab | BulBIntBRalOf In an alternative
copgl,ner or .a copol ynmer of biodegradabl e and

n&Rbpiigsal rdiemplsculs, Hemgliratodecuien e bivactivie agant, a tm-biologically
: . i cl be plaged..i
AR Ry o 00 Ty AL il Fer O Ay BBt fhssabove

been started but before the precursor is conpletely
pol ymeri zed. Alternatively, the m xture of the polyner
precursor with the bone particles may be placed in an
i npl ant site before polynerization or after the

pol ymer precursor has been partially polynerized. In

—O
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20 one enbodi nent, vacuum or solvent infiltration,
pressure, or heat are used to enhance the infiltration

of the polymer precursor into the bone particles.

A surface of the conposite may be nodified after

pol yneri zation. For exanple, a pprtion of the surface

may be oxidi zed, etched, or rougﬁened A bi onol ecul e,

S .
STk} DU 5o ) A ISEIB0R e ECEOTRIENAZ O couping
ofagent. i In zﬂldmon; the mmetymddeck taltitei bone partichus gignbenigcorpbeated into

conposjte may be machined.into predet erm ned shape )
F OF SRl rae! pirawPanen e shastig bafcor wsrigei i icncions
p'Iﬁcﬁ%tﬁﬁyen%dfrﬁé{te'a@@a%eﬁ%éﬂ@%t tﬁ@guﬁﬁ%@n&} on %eﬁ'ﬂcles are

adhesi ve, a nechani cal Tastener | trasoni c
orexposed. 6Bwtn0|‘ﬂag@mﬂiban$ mayé)ea&ayeé or bmsahn]a&dt eThmmsed collagen

di ne th hi into .
AL R b e G BEBat o eieshry AmBL FRU i Aicuotiyg agent, a
cmrmﬁ)gtésm} Odckive "Rh4tdPR], O Afr@F dga&mrinétm@aqo aO%hmel%@r or some
exampl e, between about 2, 500 and about 4 60,

| reogrhinasion odithesat | Therone papicessady @bn@swaséaequ ph«:sphenc acid.

ar n r eat & th 30/Bef

cRPutRlely 4 Mo Aot 7R3 R ERCUEE bl prosumpor before

W Helhgacdimtsiaenwathi Alatgep lqﬂﬁiﬁfty of |ﬂol3&ﬁer prédi@dor. At least a portion of
pl asticizer, biostatic, biocidal agent, surface active

ag}bﬁ vaschlapasl intustisial stmgture b Tteckane papickesaray/es mfiirated with the

or. o"i’ﬁ)ﬁr} Qpdj.nation of the above. The conposite
a{) ? S nay also be fornmed into an osteoi npl ant by

Wet - | ayI'rgpolymen predutser naty \ferne nb ditidegratiablator! masbiodegradable
i on of th conposite is hegégd to a tenperature at

W‘?TOP’&/ ?f“PBRNQf arfpokymereat biqdsgradahle \Andenqnepiodegradable
CHBARES € TRRMniRfir® b BRGpretlrsdt a{nﬁﬁh@%nesgﬁrﬁcll%ﬂt%eoe placed in a

cooling. In another aspect, the invention Is
conplddieféro rpomqmzamrngr aﬂq:ﬁlpnl)ahmzymom ha®béxmnsarted but before the

3y %%@%0?31&0@%{%’5 r%ﬂf*%%%ﬂ X%sor%%lorg}%x%%e ofthe polymer

qu’rémﬂédrYWﬁm mbbﬁeeg)ahm&om bb! sladl Yiein iMPRIEIshe before
| east a portion of the bone particles are

dwémway%tof attpethet rolymer pisryirer has eestrrsdtiallyr polanesdzed. In
p%n)é Sdith8nt t\%cﬁwﬂ-ﬁ c?ﬁ tI Elﬁﬂra%g{r,h g?gssﬁée Prh%gf are used to

Bri ef scrl ption o awi ng nventi on

dembandedhe mﬂtfatroafoe‘mmymer préquirse\isio ahe EOr@qfaﬁSﬂ@f t he
drawi ng, in whi schematic of

two methcHEaes 0? o cpmpat Wenélrag l%lﬂ':\g}l??it%d AT cRQlyprization.  For
SR o LR ARRATSHaR 0 0y B heibibe o
s dhiemalecwe ofmall sidlemde, theddetive fagentyioe some anmbiatiph aifythe 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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enbodi nent of the invention Definitions

"Bi onol ecul es”: The term "bi onol ecul es,” as used

herein, refers to classes of nolecules (e.qg.,

proteins, am no aci ds, peptides, polynucleotides,

nucl eoti des, 25 carbohydrates, Eugars l'ipids,

nucl eoproteins, glycoproteins, |Tpoproteins, steroids,

et t o

WhGeq ?Pedr Btﬂh eﬁfngng gﬁﬁﬁggl er rfé n%’lgdco'ng)rgspsle& %oﬁlggsﬁe patfiRs are a void
na‘{quab ingt giseter thang3236 Beford canprebsing; teat@npdsite garticheg may be

synt conbi n . or xarrpl e, . N

o Sl § ReoHe e e bl A ipiobionaa
B, Quffacd S vt J%%Hﬁ "Bl&h@l’é&lle hﬁflﬂp ﬂﬁﬁecu / 1RECHES ent, or any

ceI response nodifiérs such as 5 growh factors g

cr@ﬂﬂllm“ttomcoﬂ‘ thetabose. a’lﬁtel M@@Eﬁ pagidsnmgy alsameefm-;ned into an

ol %g m‘?ragfan{ﬁ% g%ns MF?naﬁg?%%%ﬁ.ﬁ%?q%& 3l east-l-:lxI gortlon of the

t Qfoﬁ’ﬁpobit@ﬁq{@féﬁltmaetempéﬁnﬂ@ 80whRh Polymet fldWse MR tléést partially
descri be materials, upon adm nistration in vivo,

ndte ltedrompositeimey baplased i m@ implant 5iég¢ befotexcooling.

" Bi ode rein bi odegr adab
mat er | gl?’gaq‘ g?’[ée?r%%‘? ari a%gﬁi eﬁg n Ee%rcglalgof}ﬁg%rmmpmmg a plurality of
pHhose opaptidles| andom PolyrastSpreturbér, ToR eRIAFIECH hOMmM&2PrddBlymer,
abol i zed or excreted w thout damage to organs.
fiﬂk—f’gﬁlea PRlpmer, og partially poheerizsd binsewwatible pplymer, wherein at least

acﬁ%ﬁx{l g@?{ el%{ i‘%&gggrég C%O% 0 eat?aggg% 0 th%&%%ﬁ g | Fecursor or,

aladter pvﬂgimdmngalbehe pblymichadd plﬂﬁnbﬂ‘}ﬁkﬁﬁscdovm Wit hin

cells. "Mneral": As used herein, a "mneral” is
a naturally occurripng fsll d haw ng a defined
crystal structure & s o2 on that may

be exactheOinvéatidrd @ebdpibed Swil rf@fé?énké OcB thel seeral figures of the
naturally occurrlng solid elenent

" EERYiRgcMeBtiFlle, " "nucl eic acid, " or _
.0l 1 gorg giueeofdA 95 a sch@ﬁﬁné RA mQ | %sn uf%'}l(gé)rtg{}r%ﬁgg g chemical moiety

“nucl ei c~aci I'gonhuc
painymbnn@ﬁ)amatd s Ia(.iﬁﬂyma'ﬂ‘l&cbﬁﬁll@ to Eﬁﬂe)t&lripiaﬁ}obﬂnd&"hment of the
"nucleic acid", and "oligonucl eotide", may be used

i ARYmERE ﬁﬁ@ably Typically, a polynucleotlde conpri ses

at lea | gq| DINAS é%%%§

pol ynu?fle%{ér ggs%u'%rhe %}rﬁqg‘?reorf maylalﬁ%gf ude 01a%gna ur anemplary
neoibedsnetd of (lie.inventiadenosi ne, thyni di ne, guanosi ne,
cytidine, uridine, deoxyadenosi ne, deoxythym dine,
deoxyguanosi ne, and deoxyCﬁt'd &ié, nucl eosi de anal ogs
(e.g., 2- aninoaden05|ne 1 rni di ne, inosine,

yrrol Q-Ryrimdine, 3- t“hyl adenosi ne,
C5 pr op e&gﬁll@q; eThe(yngr @Wp@]ﬁs@i, ﬁseused herein, refers to classes

%?ﬁaﬁéé f, %r l%ﬁ%{n%u Ll Q%Rtl&é gw%%legﬁ&g nucleotides,

cyti Pueazaadend
7 -cdﬂmh&@paws Osiigass, lﬁnd}x aacleosiciss, gBcop@iing)dipopdteins, steroids,

i PR SOBEIon o Bbm el kB athoghes 5 Tpalogiies emselves
W%}@hhﬁ&ﬁﬂ/ &ﬁﬁf‘rﬁﬂ) of Qh?ﬁ&ﬁ[}ggf;eqteg?@%z,oxg?%ﬁfgg? ot Y885 mbinant

(e.qg., 2"-1l uororlbose ,
amﬁtﬁhtvrtsie Faginexainple s8ymoleculev didhided bphasphett Bmited upsenzymes,

hos hor ot hj oates and 5 hos horam dite
| Irﬁc%gbo‘gg)ne otransmi {ers ormones, cyto]lc\l-ng response modifiers such as

-
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30" Pol ypepti de", "peptide", or "protein": According to
the present invention, a "polypeptide," "peptide," or
"protein" conprises a string of at |east three am no
6 aci ds linked together by peptide bonds. The terns

"pol ypepti de", "peptide", and "protein", may be used
|nterchangeably Pepti de may ref®r to an i ndi vi dua

pgggst’vgxe o 819& lbﬁ%g O%e?gffﬁ.&gpﬁt zgﬁt% dtegv%gécn}] g ggptggs toxins,

es prefera con PUral Vam

aliniedhgimsndmzmbwaah sajﬁemgeﬁte,l IﬂSSn(u'kis DNACHRMAIS t hat
do not ‘%gcur in nature 5 but that can be incorporated

into a LUPSHATRRA tide™ cihhg fprmsg @éocopmatlbgeanﬁﬁ wsed herein is intended to

htde?crﬁ/ WAYe G 0 1fpfdh LR THm?ﬁjé:H d3qasP 41{)] ﬁﬁ&eulﬁ{de&tefb long term
whi ch glsplays tructures of non-natural  am no cf

t lefifectsave been successfully incorporated into

r e knoliodsgrRdblart Andped Peieth:PlOdarpse cmpiesyare matarials
Altsa, dé’giﬁdé)r i 1 h%toft%ﬁ:a?'@oﬂ@ttﬁﬁbdl% 'f&hr?rh 'ﬂ?%ﬁf&t | h& can be

pepti de ma I ed, for exanple,
admt@qued)br axoxd:tedrmthbutedmagy te organas deegrraﬂaiﬂy drasdrials are not

R T RS 28R, o P ingind e pesion to fully

CQRptidat | BibdefidBaslé QRAblAR RN 1anIde°ﬁ1|a%haI§Dﬁiﬂa{ 'aféibfdk@n down
etc. In a preferred enbodi ment, the nodifications of

t Wathiegelisde | ead to a nore stable peptide (e g.,
gr eat erqpal f b These nnd fica . .
i ncl ude Ng@c le at'(lgsoJ‘rltyecgltlhetr ?t)l 9 SIS R a r{aﬁg ¥ 6Ceurtig inorganic

| olid haviagi 0 defiedorgsthn sinedtird Sanded GherMeflEcthpdsitfon that may be
nodi fi cati ons,. shoul d substantlallé interfere with the
Yy

d€37518 VBB G iEiompositions §F fomatitly peqeripgsolid element.
" Pol ysapgfiahiliGtide ”Caﬁﬁ)tg&¥d5 6" Qr “83%%13&?&?1‘&@’&1“ e terms

The ternms " pol ysacchari car boh
" Spolyosdeathiar’ delcleiof etndt ooa mgymﬂeomﬁe’s ug&trsto Bheolymer of

| h .
* S RouER. FF duts Tymeleplide " SouFkieiarailigonucieotie”,
TyidyCigd hided 1ﬁteﬂ9§aﬁ§e%5?yh ar{sigal RO A JIARR 1B AL 8ARprildd8 feast three

sugars. The pol yner rmay 1nclude natural sugars (e.g.,
gingelestedest r DitAss and FaVAg s polymacinetstes. alhb IpanE,‘r may include

8, OO T b P, i
nadeexyadenosinds dewgthyheitiieN dedxyBuirisitie, éﬂfﬁhbox@@&tﬁﬁﬂé)enucleomde

is used to 25 refer to nol ecul es, whet her
n&BPEs l(fg/go&mmptf{fnetln%trHlﬂpthmctlye,cmeatledpxrwlg-pynmuane 3-

al,, e
A i —
mﬂﬁeﬂmrom‘whnd ha@é—ladcﬂmtcbma,ll ar Cﬁﬂn@hylcﬁfdlh{;‘ss 7ddairaadenosine,

t 1500 Prefetred smal |l mpl ecul es are
D Ao P eadsrogat -?)H@yaw&méé( ymebiigussine, and 2-

SXﬁB@ﬁlcﬁnFﬁf f&%fmdaﬂya% i & eﬁﬁéﬁcm(ﬁﬁem&ﬁ% (e.g.,

pref erabl y humans. certain prefe
emhﬂhiylaiadlfoases) hmtemahldd basbse mdchaﬁedssugarkr(ugg Prfafoesritialsy,, ribose,

o hntnecesaril ., the drug is
eSS Pbosh GEBRETE. s NERerelr PEciogiedopheebae s groups (eg.
phosphorothloates and 5°-N-phosphoramidite linkages).

2 ¢

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

2 ¢«

a “polypeptide,” “peptide,” or “protein” comprises a string of at least three amino



10

15

20

25

30

by the appropriate governnental agency or body. For
exanpl e, drugs for human use |listed by the FDA under

21 CF. R 330.5, 331 through 361, and 440 through

460; drugs for veterinary use |isted by the FDA under

21 CF.R 500 through 589, incorporated herein by
reference, are all considered aé%eptable for use in

a I (13 ” (13 %
"EFREIRREE AR WD Bt 3Bty MBI eolpeptide”, saspide”s and

| S‘pugeid” troay B asedtiateechangeabtis Peptidaindyi refer tdrai 11ﬂ|1¢1&iial peptide
inhibit, activate, or otherw se affect biol ogical or

c I Aicolectiopaipsptidesy Leseatit Reptisies Areforally sgaiameonimp patural amino
| Nl deﬁthoﬁ?ﬁ @%ﬁatﬂﬂﬂ alrlif chgsb .. c@ﬁ%buﬁs%at%%‘i 30&F3n nature
anti -cance stances, ant ot

| fowtinthat prane bs arrtcerpoizﬂedanmto vd rpﬁlylmphdé aclehiy, ses)zbre exarnple

i bitors, di.n not limted to.protease an
- B SV sl R B L RBRE A gth i1 regtures of
NGIdh HaRhINSninQ REAL Bt hWe%E%B'sﬁéoesﬁﬂltl ﬂ&bxﬁ%f‘dﬁ@ﬁ% functlonal ion

| ubri cants, traan| I zers, anti-con nmusc
r @Ihmiﬂ) andfod aarine aéidrdﬂah:gs ras samakmamas the art may alternatively be
anti - qgglcs and nusc contractants includin

I

cﬁE}Pﬁ RePR Oniors 8% e BRt ACIEHB| FnaV gites, pptide may be
aRhddifbd Y60 BBSNEURE Sidditen Tt cHeafids 'ehﬁtyaéﬂlgﬁ @§ a carbohydrate
anti - pr ot ozoal conpounds, nodul ators of

c erqupe R phasnbiate gravp, reeferrexyli grow, autwocfmesyﬂ\ etawgi & dpttyedeid group,

vty K e, B aRRiBER S SRR RS e, I pppptored

S \efibodihént, ﬁh@tmodiﬁpzﬁfdn@ RFithe peptaftaled® $6 @Smore stable peptide (e.g.,
anti-pyretics, steroidal and non-steroidal

ST Rkt i r\@x@geffb@se W}ﬂcah@a%g@m inchude t@ickzation of the
a c t

A ep e heiblolioh 8 D-psthe i 920 e oF (36 HoRifcations should
pmo&ﬁaghﬂymnmﬁmeanﬂnhddpnﬂﬂimﬁbgpdamnvﬂpe&mbpﬁhﬁh
subst ange anti - tic [ .agents
certain Bf éf‘%ﬁhlaé'éie SHMHB?“?E‘ BB%‘%PF%r ent The terms

a ?Blﬂrgacchande ARy &Pt 6 @ Hgbsdcbngide? r&blot%(‘atﬁo\lﬁner of sugars.
agents and speC|f|c drugs suitable for use in

pridsetarms fipelpsacohnriday, Trertfobydrate n ancpﬁahgraa@hand%ﬂ, may be used

Subs nces, eses, Pate lications" b

verC AL SR B’g%ﬁ’ Sprrganani pefBiigs aF i three Yigars. The
Pialynsdt mgy idd8& nhtieal "sWBars Kl dglcosaN fridrous | jaRRMsa, Mhnnose,
Chem cal s, Drugs, and Biol og| cals", Edited by Susan

BURDIRASE @bowL angtrxylpseg gmd/or gogdifigd sugs (ot 2 dilmraribese, 2'-
P i onal Fornul ary-20, published by
t%B zlté!éésg%ri’har ncopei al Convention, Inc.,

Rockvi I Smﬂ&nommc” alAk veéd Wedent) the &r&O“mbmpmtalbéds used to
herei n by %Sferen 8 Detfl | ed Descri pt

of )
Cdriehitn Pplepulen.uheheroarmAboccuring Ofrﬁglfmrila/nﬂeawd ¢.g., via
a ; L
A KRS BRSPS o BRUITEN o QRRAE, [M3piRAlly, small
ofmcslgmﬂtseanesmonomemgmd ihae¢ iaamoletulbh evejghit ylfeless thhe about 1500

grz]‘é‘ iaﬁ%‘pﬁe Sseﬂ W@FW? gh&iﬂ?ﬁ%@?{y B‘R}}V%ﬁ'{ ﬁ‘ﬁde E}g%nro ucealocal |

pQJr sg@t"ehﬁ@ dffectg Qﬁhﬂ@ﬁfe?&%l?%ﬁﬁﬂakenﬁé’ P&eﬂéﬁfzﬂhumans. In

ately or may be further processed to'form
osqeémnrmtﬁaned einhodimsntspthe dimabimolecule fsenilmug! PoefenablyXthongh not

2 MRS, ey HondaPaPRekeiesh fetnpd BB aRE Shpetve Tor use

pol ynmer 4 or bound to the polyner 4 during
pol ymeri zation. For exanple, X nay 10 be an active
group 6 at the end of silane 8 (Figure 1B).
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The conposite of the invention may serve as a bone
substitute material, provide a structural, weight
bearing inplant to replace a portion of or a whole
bone, or provide a conveni ent source of bone derived
particles for use in producing ;teoinplants, for
exanple usi ng the techni ques of’ our conmmonly owned

L

parstemﬂ»}e&s FBovendm 2t iGF&s §§meomots3 Bthneyh maamhcwntoah'mngh 460;

a ha:ﬁ? that.is conveni ent_ or _useful either

mafﬁﬂg R AFanp e Beed Py the FLY pader &l & Emé§ sﬁQQﬁErough 589,

f Ciﬁccfrgéla{eﬁmef&n b eRAcd, TR @Eémﬁfde Al act! aﬂl?1 for ise in accordance
| oad- beari ng app I cat1 oAs. e techniques o

| rwﬂn;he@mesemaht/mthnne particles from any sour ce and of

any si ,an , shape, ,t use rod :

ost eoi : "(&Btssk%isl ‘@839\?1'9(“% béqap 1y F‘genrt%c’éd’rﬁ‘F(% do refer to
t %hﬂoﬁﬁdssbxz@ntﬂi‘es YRR JMenSnmBL! AGhvaR, BF Bﬂieijw{gg ffect tgological or
optim zed according to Several factors, iInc glng ut
nathemigal eeats. oFarlexasiples bmdtlwem@@atsoﬁay tneludapua lare; ndtHanited to,

i S0 b Riser b EHer oo BPumorrTBLEH PR supprossants

S UinkioH A isBigstdrices Uizyh b eniasR@S! BEludaadouraiiiniee l%nﬁ-otease and
di recti on, and the desired interactions with 25t

S UEYast HRRTIDIags irhibifare piusion; ighibiiprsy amrotoxms ovmds@ dryenotics,
L I Coe——

c amtiiRakinsananabithrees, aafdpmadidst atd Cﬁmﬁﬂé | eomgrabr@me including
whi ch na% be of autogenous, aIIogenlc and/ or

X ePlockersy i igtics paed o pnffsehol MeFgcsy o AR pEPTR e gompounds,
ar e

P UARAE G BB SRl PRURRES ' bl Brirocclulr
t ypa@six ohtexastioge ieleding cbid ryowths Bllndntolmabnd: antlbldhemd molecules,

R I R G
t Chnﬁf@?%&sfdeber nalgBdieD | NEhtiMpPeBed ONGterotddl t | A WHdhSsteroidal
bone racturing whol e bone in I|qU|d ni trogen, or

otandrinflanamgiosy ntaggnist i ra@tltamelqg@me t factars. Pati-s¢ardtery  factors,
Ca:{ﬁtl&? tguf)arﬁgl l&ﬁd/b ¢ S Fﬁfﬁ hcg pa[g%gf 1 g‘l galrt | Clt@%bca, i%)hthalmlcs,

ecCl

t hﬁoﬂ@g‘mﬁﬁmil @mﬁa;sremmpomgf-p@cb@me fpbkah€dsE Santi-emetics, and
possessi ng.a Wi de range of particle sizes ranging from

r dmagingagpnts.ilna csamar%felfr@d @@h?@@egﬁsaﬁhﬁélcaﬁavee%nt is a drug.
larger ghips. coﬁxgle%‘ ﬁstﬂ?@ﬂbl@&fve %8 ea'hﬁ% Q&ﬂ? drugs suitable for
particles can range I n avera i CI'e stze From

absat in0 5 preseabomenﬁoﬁ mayahei ﬂ:ﬂnqboms éBRaranceuteal Gubstances:

mei nlength to an rati o of, from about
% eng, ﬁpﬁ %%@f’ r dkx bQﬂﬁle pget Fagels Thieme
C%eéﬁ@algf’fﬂﬂ%ﬁlr nt1‘99§“ e F RIS TARS - t&l E’ﬂég&l‘ép&{la of Chemicals,

el i m nate any ess desirable size(s) of par
wHbwigs,rrag BielogicelsgritditeddyRustn BIuéwaufetbzbn@Rlﬁhh@sae 1996, and the

Sl s Mespeti s AL o RelaP 207 pHGRed 45 o United

t MRate® MHaRAtdpRRI C@orﬁ@ﬁﬁorp ORMder RéckvAN MDP Doy e ki bk tthlch are

reduces the ampunt of bone that is required t'o prepare
t Hecarpprptedtheremberdfereneet es shape constraints on the
bone itself, since the polyner nay be nolded into a
desired shape.
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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 nmedian 20 Il ength to nedian thickness ratios can
be utilized herein. Such elongate particles can be
readi |y obtained by any one of Lver al nmet hods, e.g.,

% | gi ! 'Vielﬂgn@faiﬁa@ésmpamogegﬁaﬁep%ffeﬁ@d Emﬂofd?mpggﬁngf
t echni dite, invemtianais omathod af spsthesifing laobgatmlnaecomposite by

particl.es containjng, for exanple, at |east, about 60
WP EAHRG - BoRR WHD o fisnRtanimanihi b B s cals isgihgsis or

IAfleriatib® T theOpoly i 2PRY thofe ! 5EhObi
we}?ﬂea m%di an thi fc)ﬁfr}l}ggs of ?rbg%hea%o@?e#%dgqgo a ogltec%s of a
mpredetatminadesizea andvicdnhined witho theatnonomdr, iwhitlo isathenitpoRnerized.

s PR AR RG0S "t FETBRIASDY PLaey Seybifher Procesed
5Qb JorPart Ostadifiplan® O an@émmgﬁeﬁpg cerdIRAl Sdup KNGH ﬁlng%rface of

medi an width ratio of from about 10:1 and” about 200: 1.
THee benelpatticlgsr (6o donerpgrtipls 2 Figume £AYistinc@perdied suto thmebackbone

5B 1 P05 P3R5 300 R Fo PSP, X ey

arbeatacy grotip bhetherml antilars (Penk@iBpr ed by adj usting
10 the weight percent of the various shapes (el ongate,
parti cleagampasite of the imwmEoRaNaY s¢ae agtd bpne dulistituteanaterial,

e R R e e S S

7%r 99%yiderssy corveniad .soldot hefl bqreodathedepdrticles Foiugs Mg producing
elongat bong particles, particularly useful 5 for
piCSERENRpNtEy %‘@nw% {5 1ngH Bgt teqliayst 9fhoe pgfponlysowpgd U.S.
bR 06£56,204187,d 294654" hRES. 51 I i
U.S. Pat. No. 187, 9253} R SN B Bk, ASIHYEARat cxploit
arbeng padiclser Bove partickss ardoyot rbiarsaneidabldiea iapt that ibameenient

mll results.in the.production.qgf |ong, .thi trips ..
e ST (oo Bl el B e soBiP e e BF fshioning
bame @aihpehesr fof ustesi @M. beaHRP GPhECHIOAE PRYe! tethf§ues of the
can be graded into different sizes 10 to reduce or

elYAnHaR enailg boae paiskes fegsm any jspwrcs jand fof maptsizsl ang shape, to be

' I Vi [l e e .
pasEM A RIBHE s, O ElIRY iy WPRF LT Foe R P BRFHE sice of
t hhebate, pagticdescshouldrbervptimixedsiceorfiiig t8 keveral factors,inclubidgdut not
cles are optionally dem neralized in accordance

pas L. s
wﬁwt%meaﬁae B VvHaPs G dthe jrplangy thesdgsied rdggradaion rate, the
r . o n . .
e Bl SR AAGHE mEARLRAL problrties of the aurounding
c dispmy et expectbd tmdbyagmitptie yid direatiod, sml thici desised ifitetdctions with
%Ods a{l.e well known in the art, see for exanple,
R&YGTUTOURAINE USSYS, o - Nat . Acad. Sci., 1972,

69: 1601- 1605, the contents of which are incorporated
hemrepdrabiyn bedsreence. The strength of the acid

solution, the shape of the bone particles and the

dur at i dieobonehpadistisnemployeditinothet prsperation off the bone particle-

d Lne the 20. extent . of m neralizati.on. Reference
ORI Sl 5B b8 DB o PR (FRGFS] andior
BlcaftRdcanBli®@fss. bdreSwhicH %2, b3df awbBendnd, allddenie WA tx&nogeneic

of which are_ also_incorporated herein by reference. )
| Priginy Faeferabby the hppfe patirlea uro abipingd dinum eorticak bensnef allogenic

0ol . ; . i nfect | .
CHEBE BRI By AL DO, b ArSLPN O HBRRLGE Feenogencc
preferred
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25 defatting/disinfectant solution is an aqueous
sol ution of ethanol. Ethanol is a good sol vent for

lipids, and water is a good hydrophilic carrier that

enabl es the solution to penetrate nore deeply into the
bone particles. Ordinarily, at |east about 10 to about
40 percent by weight of water (i9. e. , about 60 to

algy tl%&e Véﬁdt b@ ‘?fsgc? th&&uﬂﬁff&tih'c%bﬂ%% a8 Y6lc&Sfor the bone
al co shou present 1 n the

d phaictasnPardickes mhe cfdmmag Isohillingnwhale 30np o gueiace fiberspchipping
lipid renoval .and di sinfection W|th| t.he shortest .

é‘ﬂn g%beve,t FHENE THoly hoper %réatue% ey dops riny %}a Ryfrogen, or
Haaqqi@f@t&gﬂ Ryl iRNhdre S0 3ARMesO0ar GpABRY bd bieved ¢

V?IEI Sht lpler ent ¢ hrﬁ } nost perse E(larag y about 176676 °

vvprcghmepatlckenbfabmiﬁn sizeFol I owi ng defatti ng t he bone

Phei r *dGR SoE b AOGET GoloHE ot Snat s et Soprgred bone

b Qﬁlc@é ﬂfdskés‘siﬁg é’ 'vﬁH@ Q§ngeV69 %‘éﬁfc!lé’ QizB3 951%%% &S M@atively fine
an spores. Acid can be enployed inthis ste
i powders t6 coarer glamScandceivds leggeriehips. Mrecmmhcxdnn@lt,am ered bone

and_.organi ¢ aci ds such as.perace cid f.te C

£ PRl SR Bl s SRE ko Pohtp et b PhofiTh 2 gy and
WipbeSd 8 la{/&ag\éihﬁﬂlah%ﬁ AQY enédR sl &H@ine@dwﬁﬂtc&” émadbat 1:1 to
and thereby raise the . The bone particles are

piebewrbl & dgsirasy powdﬁeé)ban@ patticlpy cpy dpleraded dntoghfferent sizes to
b

o dr o8 ok BRI Bh s ARl i SRTBE BiriBres NARRIENPbe present. s
t Ipemcwseoﬂ@onlés ddcarhe Shellet,i thed widl ﬂgntklb@wnle@tdn Cthlé; mechanical

short | qQre conblmngthe wi th. the nonane
A§trm ﬁpggﬂ imgtaf And i &IgsR ea Her sS}BL s &9 m%ﬂon of bone powder
d t
B BB B 1 AT B the

pempbmt awf elithimiates shapgi cvabtraintsragathe bont meelflsincotbepolymer may
The . a rti dem neral i zed" as 15 applied to
tﬁgn@cﬁﬂgﬁa&ﬁ)?ﬁ%@ $%‘Fers to bone particles possessing
f rom ahQmadively, sPRonBHinRGhith el BineMioned ®bhe powder, bone
or| gi nal inorganic mneral content, and the phrase

WMBSC@WWHV &harﬂetamzekaSaﬁpngaé@ anch pessessHgntel el high median
r
e 1 o BBk, FldBS oRPGE G Athek AT AR Hortites can
orbleg‘edidily (blﬂmhexaby Qnyﬂoﬂe lodllsevpsltraethods] ey, Unnmdliihg @€ shaving the
term "dem neral i zed" as %Eglled 20 to the bonpe
partiaes @isan entiththone on relativdy dareg s5etisRertoton o kPleaingo® milling
of, 0
0 atlfﬁéhl!ﬂ uk! &feg&h%takﬁ/ ?( ?rlrjarsgéf %rgﬂ%art‘oﬁ% h}a‘?@cl el talmng, for example,
ot deast abdnﬂ Gibwght )ppﬂssntoéf bhmgatpfhohe qiaet&le:sapbsbﬁsmg a median

| For ex , or nore of the faqregoin

CTRel B Tambet At 3 AR % o Brocrumediin YRGHER e about

i, Wﬂ&bdbﬁéttl Rﬁh %& R Iﬂéﬂ"gﬁ\'ﬁ}ld‘ﬂ@ bfbHSBoRONEIN? R about 20 mm. Such
particles, 1.e., bone particles that have not been

S lﬂi}rgateézbnb @aam@manepoases& amiedienplengtb 9 mefliani mmke@s @atio of at

+ 6L e RREBRTS Sond AT PERoLE ot Bincfih sodie iden widtn

beahoun ﬁ'oinnaHoﬁfflmtahd %b&@ 2002t The eniliaadpreadys Ry be optimized to
transferred frombone to pol yner etc. they are not

bcﬁdmt tthee size aefsther eomaopartml&ﬁ ﬁlérﬂlecﬁlzeBdrﬁmh‘@lonn The aaechanical
nd t nsile str th
orhoTAECEER i shERRb TR IR BRGRH R ilonetoy adjusting

transferred. 12
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The bone particles in the conposite also play a

bi ol ogi cal role. Nondem neralized bone particles bring
about new bone i ngrowth by osteoconduction, in which
an advanci ng bone front binds to the particle surface.
Dem neral i zed bone particles Ilkemnse play a

bi ol ogi cal role in bringing abo new bone |ngrom¢h by

5 0st duct whi ch | |
r RGeS PP R (onSnE SRR i u gt bove
S lphﬁlclﬁqttmzted/ El@%eoaﬁorbmﬁe PARY 'vsﬁ‘dlgﬁ Rf®@ngbédidan l1yand 100%, e.g,

r enodel ed and rggl aced new host bone as degradation

ofabeuid - My&b@ﬂt éo%eﬁbn’ﬂé b11§%eor et {7 g0 n maydeaised.

2 O S Ty USSPy v

t ifGahREest 6F BN td1@bduti IT0EhACTH RAgM ﬁdﬁtﬁeﬁﬁ)nlaqirymﬁmg mill

or to confer sone propertﬁ’é o the particle surf

Welesczibsdrip agpmeondurassignass Unt.| Rati Noe ot 268a kel ‘;ntwﬂ cAntents of
r n

it AR oo 0Ey OF HEHFbFdb{sterch TG of o onb A Rkyts i the

bersdudiibn efllong, thaxc sthips ahéch qmd«lp omaﬂmgthwm 0] ];srohydmlmlar—like

that do not bond well to su as 15Qﬁkylact ggs. .
sihepe particlss; Kidesirgds Slopeelsi 98¢ Particlcs r%%é’F eafiod g different sizes
t I?@%edu@ ﬁlt JSfale i H? e ge&&bierb?ze?én}roff gﬁﬁw%fs W& 199{/" 8¢ present. In
preferably coval en mbodi nent, silane

c @wptallnappagrentes ekmga&nhajrmy[mﬂtlctlas tamke alesasibodess flaments, fibers,

injti tor Iecule to.the surface of the bone. The
1“5?1‘29 PTP%%%‘YSF%% ‘g%ctl ons, a set of three

l eavi ngnﬁrwlespaﬁmesa&ewlbm}ga@ﬁ@eraﬁa&i BCAICSRIaBEOWRh known

may be 20 connected to the silicon atomin the silane

byand @nmgamebpxc@@ﬁgps i ouger tanredweenfiel inorganignmineral content.

CSPhBRPRRG kel AT DR FoH L IRALER ARG Bdone b
aregnplbing eeidisomitighe Hush netebds hee well kacwy imthe am;tcta/br example
ro is connected to the silicon atomby a p

b ggebufroc Nap 4seds &4is 487 oo 0eR05; gﬁé”ﬂ@&él Hfgvhich are
gtr %k%)/é.)ﬁggpen é&gg%@feﬂﬁ@ ﬁfé%eﬂ?th@ttﬁ@ﬁd Qblu 131§3 the shape of the

on the solvent used to |lin
C chpk ipagiciegeant] thodiratobofithe deyninergiéntion trahtknoint g'nlb dgtsrmine the

or o5t Of AETEREHIGH RElreeTbin O (ERel A B8 STHG 1 Levandrovsk
| N1 JTBGY pRfmdd Q150N RS T 11906, bEL: VIRIBIB 2N ehedOdrtsRE offBihidiXare also
and the bone particle. By prow di ng a spacer between
t hec@pon@tﬁpdmrqlmbﬁr@fﬁ@mdwe active group, the tether
al so reduces etl.tl et wee 0

?1?1 acqrgfegrﬁ 816181%3}(1@21 %prog du?p etﬂ?—: ggﬂe 89%(958 %@%ul%gcted to

t he pa I'vé "gr oup ‘an

t f@défﬁthhgﬂléiﬂf@&ﬁlg@é;ﬁ fAlSRRISh AL adi® dbﬂﬁﬁlefmﬂ@ﬁ@{ stdpl rA peeferred
pol ymeri zati on. I n one enbodi nent,

acdqfatangﬂtsuﬁeqt@t éﬂluaﬁaus)gn aquepHe solstigmef ethpnaly éithanol is a good
I I
po dvegg |f°6 1|pa4 %nd: \9{1 81e féo hﬁmpﬂgglac%#}éé i a%gﬁfﬁés #k sbiution to

queh@aatb Qe dseplaiio Qh&%neﬁﬁr&m Ortimasibs abh:asidibout 10 to about
mononers that react with am nes, even if th

dolpereent by teight o vaigri(he. about A &g ahapt PR YA pgla:ent nt of defatting
St PaEfut ae RERALRINE Secnl10 ROARIBRISEL I soluion o

30 hygtoduad eitihl riipid remsval And iisinfectiont witbingthe shertest period of time.

actjve groyps wth double Wil | elnc or,a

i nlle me?sn ﬁenmﬁgoramgwﬁ@ﬁ%ﬁ ﬁ%ﬁﬂ? ﬁb%b%ﬁgo to about
radi cal pol ynerization. i s not necessary that the
active group be nonof unctl onal . Indeed, it may be

preferable that active groups that
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10 are to be incorporated into polyners via step

pol ymeri zation be difunctional. A silane having two

am nes, even if one is a secondary anmne, wll not

termnate a pol ymer chain but can react with ends of

two different polynmer chains. ernatively, t he

active group may be branched to Lrovi de two reactive

g V%Uﬁ&ghf‘ REI@@M%’IM@I YanB Qﬁbét ' ﬁ@fera%%p\ﬁb&ifefm%f ght lpkbntOhlcohol.
| anes that may be used with the invention is I'isted

i rF ollawing defatsng,ath@ bong partacles aratingefsedrin @@dmm tetge suefffiect their

as, Uni o

P RiZERbRAEe 4k A0 (HUTEFs JHe bR Y iLing Viflses, vegeative

pqmef&ot@xﬁsynsn Qnd Qge@@ MPAEIHS MidP et Ye atnplbRdaint t!hi’sestep include
group, 1t should be used to tether a bioconpatible

c angreune acids seeh gohwlrpehlenic peid gad waganic eads sush asperacetic acid.

I
PSR o e R DL ARATRR Bt RBSHY v el R
CQBYﬁOVEﬂﬁbstd‘ilalt Heowits aﬂ ecibehartkeraby fidel he pll-heTﬁé bafepiricles are
the bone particle, ardl ess of whether the silane is

bipselersphit idsed &r ﬁmmp héyabophidizatay kafprgningorpeyaterd into the
m

: rr]:;éggtom pgfe’yﬂ@?%ﬁn a g%g%etdh%ltﬁﬁxp%gﬁfgon%t o%gtuhﬁl they are
caoaéd og stelnidizab nanganblwml wmsthotld khartly befare e;onfbnﬁﬁg them w1th the
"bi oactive" silanes and "nononer" silanes. U S. Patent

6, BYYEY3 di scl oses conposites of silane nodified

pol yar oi@difzed ReXTE tRe ﬁﬁ}gsé)‘%ﬂﬁerﬁgialll? RRARRTALRRY éﬁ%phed to the

pol ymers nmay be i nstead In addition to fir
sibloaa paitialgs ré¢fersiso ﬂpen@pampksls pgssessilzg at least about 90 welght percent of

| éﬁeér onglAqﬂ Ii]norgargfc mlgermor?tent W o&%asréexp% aq yn&‘érgl(r)le%fized" as

N-=pgliét (o Henbichydriclea mersa m&r,]swuéneg pORELMGY FomAMdUt 8 to
gama- Anm nopr opyl net hgl di et hoxysi

@hﬁﬁt%}ﬁ‘/ﬁ ¥ pprgentrafd ﬁbgygmp]aw@rgamc mineral content, and the phrase
g{f@r '&Exm ﬁirz%wl grdgggl%&; ﬁ;)( l@o'ﬁ% ?argcles refers to bone particles

tri e oxyS| [yl rasul

gqmm:sﬁ‘ng terso pliampytot |8;epfecﬁetylslyllmethan about 1, weight percent of their

| or opropyl tri net hoxysi |l an
orlglna morganic m?l%/eral content. Th% unmodleﬁed term "demineralized" as applied

to the bone particles is intended to cover any one or combination of the foregoing
types of demineralized bone particles.

Mixtures or combinations of one or more of the above types of bone particles
can be employed. For example, one or more of the foregoing types of demineralized
bone particles can be employed in combination with nondemineralized 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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gamma- d yci doxypropyl tri met hoxysi | ane

gamma- Mer capt opr opyl tri net hoxysi | ane

gama- Met hacryl oxypropyl tri net hoxysi | ane

Met hyl tri acet oxysil ane (MIAS) Met hyl tri met hoxysil ane
(MIMS) Methyl tris-(butanone oxige) Silane (MX)
Methyl Oximno Silane (MOS) Methyl tris-(nethyl ethyl

ket oxi nthe Sbherpart{cMeSin e R¥inp I)&fltesal(sb&éﬁ%%&%glgﬁ) role. Non-
Si | ane (POCS) Phenyl Oximino Silane Phen

tr egn(l@f@llmmogp pymc]@tb@xlgﬁbyutgewab@e(%)vth by osteoconductlon in
T%ﬁl@ﬁ%{l.ﬁ&?ﬂmﬁg&& E bm t{oath(smat b sulr]“fac\éI I!feer}lgl)érlalimgd bone

Si Tane ramet hoxysil ane  (

Vipaytidles Bkdwaixy playadi®iological role in bringing about new bone ingrowth by
osteoinduction, in which bone cells are recruited from the host tissue to regenerate
bone at the implant site. Both types of bone particles are gradually remodeled and
replaced by new host bone as degradation of the polymer and remodeling of the

implant bone particles progress over time.

Surface Modification of Bone Particles

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

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

accessible to the monomer during polymerization.
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potentially non-biocompatible moiety as the active group, it should be used to tether

a biocompatible compound to the bone particle using a reaction in which the non-
biocompatible moiety is the leaving group. It may be desirable to attach the
biocompatible compound to the silane before attaching the silane to the bone
particle, regardless of whether the silane is biocompatible or not. The derivatized
silanes may be mixed with silanes that can be incorporated directly into the polymer
and reacted with the bone particles, coating the bone particles with a mixture of
“bioactive” silanes and “monomer” silanes. U.S. Patent 6,399,693 discloses
composites of silane modified polyaromatic polymers and bone. Silane-derivatized

polymers may be instead of or in addition to first silanizing the bone particles.
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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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degradation of the polymer and the resorption of the bone particles to be tracked
using standard medical diagnostic techniques.

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

solution used to treat the bone particles), may be optimized depending on the desired

level of surface treatment. Agitation will also increase the uniformity of the
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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 W098/19718, the contents of both of which are incorporated herein by
reference). Alternatively, hydroxymethyl phosphine groups on collagen may be

reacted with the primary and secondary amines on neighboring chains (see U.S.



10

15

20

25

30

20 formed with an excess of one of the difunctiona
conponents to produce nol ecules that are all

term nated with the sane group. For exanple, a diol

and an excess of an diisocyanate nmay be polynerized to
produce i socyanate term nated prgpolyner that may be
conbined with a diol to forma 6 | yur et hane. The

c 0 eqhope: e : .
e s 3R 346, R PBRirP Noblehle B¢ Mihth Are M Rlrated, herin by
confrehecht i Stmdartheross-dinkiigr ugénts atuchonsi men@t iaadsdialdehydes,

concern the degree of infiltration of the polyner . i
iR EOTBRRHRS TR R SRt Wﬁﬁ\dﬂ}gawolwm il griges, organic
CQoBsRhd) atnheotﬁ&rz gf&%‘? U@H@edoghéﬂ%ﬁc b(ﬁﬂ?@esp@Iéérhi%hl@sfoi‘“ets{%ﬁﬁcation or

t he pol'yner. crostructural Considerations
| reathostybpogps fellovedlulghrdanfion tvitht hyainazideciol formt &tivated acyl azide

oSt ErarShaish ot it st Rerifabure &, B8 Rrreiisinctional
| nyeRtihiang ABntHehdxafRmpRnatBRodyahe! iRl E’lﬂga)‘ﬁﬁfayﬂilstyohb@ used to

strong interfacial intéraction,” 5 hot necessari
i reresstlingtthe polisigen.h d'hp bbyerparticles aret then iwashedgoireregve all leachable

b en.m neralized.collagen fibers. Mst of the

roreiRe o8 B BBty TSP SoosetRun: sl ml A pppsed. One
UsRilwdtif tHehet WwilveRily 88 ableo detbfrhiak @Y dptinkd] @¥aRh&atidhs of cross-
penetrate through the channel s and c{oores of trabecul ar

bdiking peenls aad Higubstiongines fer thexlesised dogeas affcraspdipking.

not pe | r | ( ' .t b .

m ner alrjlfc;ztfé glfaﬁ?(%% %ﬁ 0 e%l:g r ?%gltﬁ%{)sn@%}.’ b? ﬁg%%alﬁ%ad with monomer,
e@qtrﬂlmgr, enitiatdt, r?mqt: Hihbgiwllly meﬁvqg ?ﬁ hacE oF cbmpahidle, treluding
infiltrate.part of the vascular and/or interstjtial . .
S et e (h ePIBIREChlest Biegive PRntDasRAll nolecules, inorganic
SThMERHE, emferI "@ird |fég&§feséiﬁﬁ103%<fi&'sctc>ﬁrt§§ MELerP Hber such as
ost eocyte | acunae, versian canals, Vol ksmann®s
cdysihg , argiaimgl hydrbkylaside,sproiihe rand thydoixypasdine THdonomers that link

interstitial structure of t one particl]es includes .

¢ W€ SR e ArerTielit, oisae il R A Agidsrda (B sifhe fagetions
Thtdugh twhigl BBV YpdIPmBe&EL S SWiny1 tRohdiedtdadmd biRr BABKomers that
particles in_neat nononer or other polyner precursor

f dolamgsizeibyrhamn palymetieation endyricagtavifthdieporpineracidstat ghe. double
V m i Q1 ht [ b e e er .
p?og)gg'r sorQ,fn?}lrlﬁ RR i g{ére t g I%gck:%ng-é&@%%c gtr%gqsl?orf}g‘ﬁé?%i fby chain
dewilyrmeetizatibve nagreddt euth thedensieidd, aclds videhefraleyaRe paBddnit Sroups,
of, the %on'po?i te conpletely infiltrates the

milFAiRg ths winyf rpup|feeede polygierigganpl e, cortical 20 bone,

t he nec i P, ' f.th i cl
e TocRaGall PO RRERLATIE! it Sr BRB I RRLIS| BB above or
sUreabuends sechmag eickingemayse tied waincieasavitd sirfacpanrta of surface

t he hone. netratian of .the m crostructural. channel s
of RS ofdbp Bt arddes, ﬁchw%anﬁﬁlzé inckeass ik alkglagbgrength of
ofthé Bénd/pyiphicneriast E?%réé@ﬁ‘lgRﬁE irfdcRSr&Nst thd B PdKMRl/or the

matrix and prevent solvents and air bubbles from being
t magshedicilninterleckingmpbibe bene phticlgs andothe webymerr abecul ae.

Vacuumg nfiltration, ere appraopriate, . Wll also I

VU Bk 1 0 o SR JBh Bt o8 B
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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In anot her enbodi nent, infiltration may be achi eved
using solvent infiltration. Vacuuminfiltrati on may be
i nappropriate for highly volatile nononers. Sol vents
enpl oyed for infiltration should carefully selected,
as many of the nost 30 conmmon sgévents used for
infiltration are toxic. Hi ghly |atile sol vents such
a . u [ i .
; EARERAD ol ovafRh AL fofs ol Rebigidtl Bkractions, hydrogen
I hoadinge pidlopdeintancionspl Vi edéri Waald Hatebmedyns, and mechanical
'y salvents for, use wwth the invention, include

bExd‘?te ?&%t Fr Frampies ¥ aprotith g w@m@w%mmaw&ged on the
et3an %Itartl.c‘f%S _tﬁ)ec‘ ciihd ok B%V\gkgklﬁielt il lb!e@cﬂnét) ﬁg&%garll@r dntangled

solvent infiltration is eved by m Xi ng
pawitli ¢cheedonyg tchaiasl oft tlenbicdégitdiepclphmerras they hpdijraerize. Charged

po r 5.precuyysor, starti with ve dilute :

D Pt n o S ge 5, 4 PoHs BroduFeb by PapliS the bone parices
SGh BhéiORSIADE WilNRhdrict WAt BR caiRGH hRP Earboxylate s present in
skilled in the art wll recognize“that other standard

hinganyl bigrerapatibde ipalymess , espewialiydithmge prases on eangind deigst , The pi-

may, . used ta increase e i,nfiltratign. of . 1h .
otsifs SEFigpiafic aFouns Aol 7t fa A ieng el itk Pliragt ity double
baadPaid drémSc favipé eRe P6lyder aREPI ned with a vol ume

of fresh polymer precursor for polynerization and
formation of the conposite. Automated apparatus for
v&cmhiniag dheBesRaracienmithurBalymer Fieevistle t he Ti ssue

Tek VI o\e/?ﬁ'tﬁgfrﬁeiséiﬂ&ghg {h%nbﬁ{eo aﬁ@g‘lgﬁ_ﬁg C(%?{)lﬁg(@ Qoith, a oqolymer

avai |l ab net e Interaction
t ipeeqnedoy.niBixettiplany phlynies peeqesots ichle mghoales Opdrtially polymerized

enhanced_15 hy copating individual bone partjicles wth .
tﬂ?@f‘ Ty fleyablE ge fgrugpmlmbnﬁi nﬂ?ﬂaetrﬁwwﬂpwa |hecause it

PRESUERRI: pakh §tsGRAME DoRtNGNE&IudR 1BSSRCL ALy ¥whSlecular
pol ymer conponent of "the conposite wth the bone

paraight] ésich poecutsorapk @olynmatized By fhrtheymzogshinking loe polymerization

be .spray, coated.w.th a oner. or _prepol.yner. .. .
AT R DRRST Vithbern ardicliap (Baha SRR BLwhish thgpolymer is
C @a{ gentls lifitedatot hBtHoRE parthdie Ragrepalh@sr ang 160 IhdlecdBar weight
pol ymer precursor are tunmbled together to coat the .
patigpEertypically pradyrediiraned stepgrev thiplymerizatis. dheprepplymer is

o PSP IR B SoBaEIE £ P o
prieatursall terAldatedf with deasame ehoip U exbiblehe dicdand k@exdess of an

those skilled in the art. Macrostructural
&ﬂ%§??¥é?§? maybe polymegzed to produce isocyanate terminated prepolymer that

may be combined with a diol to form a polyurethane.

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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25Whet her or not the bone particles are first
infiltrated wwth the nononer, the bone particles may
be m xed with the nononer according to standard
conposite processing techni ques. For exanpl e,

regul arly shaped particles my srnply be suspended in
t he nononer. The nononer may be %echanlcally stirred

t%gro%{ﬂ[litlaﬁti%ohgﬁe E%ﬁsl cles or bubbled with a gas,
p oxygen- and noi sture-free.
SOEI ongatigsgtolognethpedughCinfitranay faciligdtésgseetoning tdfetlssue into thin

ymer. matrix or randonly oriented. To align th
pai}lterc foss migrRgeopir PPRATEALeBN o AW aTES:t theeb mpy@clﬁérwé in the

2 t;

2 g e O EAE LA D o,
deyob aedesshril y irdiltriddornonthegpolarert ey theer mtq‘rmmdau bettheelr cm{merahzed
e R KAWL TS .
I rﬂéé sath gife dﬁ@éﬂﬂi@ tlytf’ftﬁ)v & 1d BorRtralPir the channels

del | vere |rect %romt to the nono
orand pmtnscdsf lrdttw;zulsar bbnd alllﬂrourldlrrg:)t]ngrﬂopetdﬁ@naﬂmven 1f they do not

QPERRIE B0 e eER G B PEATSRE R I PLCoel BRD- In an
dickEplaly enioaliashicale polyict e fiﬁedﬂﬁé&)@' ik Yal)s Q6 UaRRrad @lrt of the

of local alignnent. hg i npart a slight
umtdhs apdios mtaltStltm S!mctum frhwbgee pamticlesf ddieivasdular structure of
he Lon | c Al
aI 1snS é g"?s ngh r4n Sm%zbé orarglzlrr atgf:léavﬁ%lan canals,

FOJ' om@ﬁmﬁmmrsabmmdulb ané sihitdrhstebwigat Tk Padrbtitl 8Gucture of
and reg ular%§3shagﬂg particles wll |ncrease t he

stthe orBe pag § dhe spfeh dtvesn frakecyidpyandy similar features.

I

"ol it i o 3 RECknS BRI, b B pabdfs TR SRR ERbmer or
pa]therqnbbmertphe:ufsbf frta mﬁod bétipabefort estigingtjodymerization.

mechani.cal pr.o rtles of, the 15, co te depend o
Che or i At BRTGHOR R YELiT0 BelRi PR PR PO filtate the

MahdunXe and cdras, BAA, i GLH3d ¢he cRhdIREf € IndRA di‘f'il‘lé/%olﬂql%f‘matnx of
their effect on the mechani cal properties of

pdh@/mmpmtp cpsaplitely nfiltteloe Hie romerabiaed Ghulsrd , derdexampfe, cortical
cofebr BTt B BpaEh B RO binteBF sl Gl Golfiedt as greaty
C GO thet Roptenest tae s@@édhdiﬂgemwmdagumﬂe namk #ilebe part of the
directiogn of load. 20In a preferred enbodi nent ,

t he
bdwaepaPenetragion of thee misiopiastal chamnedy of AR bone partlcles will
| FROLRI B9 YU U O PRl RS EARAL atlpotmr

exasyik eand| ppegat splveste andfairbnibdleseyorh é)eﬂtgalmmed an ﬂueo pomposite,

f th f d |1 dt
? |eo£vn §Ft§&{r%%a t{ea%gclztg%;:ﬁ e %g%@égngﬂratlggn\%ggrre gpprggrvﬁrte 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 fer 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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foll ow ng which the nmononer is polynerized. This
allows structural inplants of a 25 desired shape to be
produced fromirregul arly shaped pieces of bone. Bone
has very hi gh conpressive strength; however, as for
bricks, the forces exerted at tgf pol yner - filled
boundaries bet ween bone pi eces Il have a shear

Bed ?ﬁto“ﬁﬁé #Oel 1 eitaaﬁct?ﬁl?ﬂiﬁe&’ int& 9{%0%?5 } e tp%ar\é fsolvents for

conponent , conpr essi ve
t mee suthibs lnivent\mri include bmtrdry nbelidétd tondinethyisplfokide (DMSO) and

Cof@ﬁgﬁ EA%/)fe \{S"ﬂLEIQCg’m, fhp ﬁﬁch ngﬁ%tgqts%%ll\?eéhé{}ﬁtrqtgon 1s achieved
| BGT BRSRE Y E(ﬁ'l% pavelke %ﬂﬁtsbﬁ%ﬁ? i @1@ §d¥GenP Ok B he (R lymer

the bone particles, which will limt the 23 novenent
omrctduesopcﬂta}rtmg Wlthavm dilute miutmnssmdalromdmgtiodnuemoncentrated

thelu? 21 ¢ tbone articles are dem neralized

and ﬂ%“é@ﬁ%&a | %8?? é’@fifﬁr OF adj acent bone particles

chem cabdey skilioder 4s Rg WHE fR6HMIAURS BfheP WarRMANiMogical
owned U.S. Patent No. 6,123,731, entitled Osteoinpl ant

aﬁ@?hwwnsa dngluding pzesvene and deat; anayt beeussdttp necreasatten xréﬂ@atlon of

B A SR8 DD B G e g on

pebibiied byithes gVdlumbPede figksi hodyimé @réciiBbANor Soll@neriAafion and
sha e of the bone particles, and the nmechani cal and

d @)‘F‘%’(ﬂlﬁfll oh the seEOpiES oAuioﬁ@t%taPP%(atuthOﬁa\gﬂCB@m and pressure
b e 1&09.}]&%5@6 il 0Rk ¢ o é\iﬁ{nil \gfgﬁllgﬁﬁ?r% gpo%% 88‘2 8(1)30/E300,

po yner e conposite.

vv!aivhllabkr:fnngakuﬂaffanetelhénozol ume fracti on of the pol yner

\Ié’mo: lyrrg ggtie%g 1%1:? ce)f %gns : qrg)fflth the bone i;artlcles may also be enhanced
by coating individual bone particles with the polymer precursor before combining
them with bulk precursor. The coating enhances the association of the polymer
component of the composite with the bone particles. For example, individual bone
particles may be spray coated with a monomer or prepolymer. Alternatively, the
individual bone particles may be coated using a tumbler - bone particles and solid
polymer precursor are tumbled together to coat the particles. A fluidized bed coater
may also be used to coat the particles. In addition, the particles may simply be
dipped into liquid or powdered polymer precursor. All of these techniques will be

familiar to those skilled in the art.

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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After the bone particles are conbined with the pol ynmer
precursor, the matrix is polynerized. For exanple, a

fl owabl e pol yner nay be further polynerized or 15
cross-|linked During polynerization, the polyner

preferably is attached coval ent to the bone

partlcles If the polynerizing ecursor does not bind

tQ 0 h

R, WA RP SRy RO TR Py ded. ABR ety the elgpeted
V\/Iphi'tldldsanmy)he aepositad intehe niemdmebay éheyAury produced. For example,
bi oco atlﬁle pol yner, may be used to form co '

o G PR cs! Doy el e 510 Ay eigEfoughy aligned with one
bi d

o0 Bk o RConE) R YLl SRRt fom
binaitietd éred mbmsomarporto ethiciothdy wgll fad] inaseghdn thetsass weientation, much

engi neeri n see, for exanple, U. Pat ent s . Nos

o s 3feesn pestighioneh a i rgaigh Piodicing r@%@mlgmme%wwles s
t CaPtdult 6, A8 7 t GoShast 29hment
tgncxnés(gﬁ]d;uk& ggg@f%é?l g 51% E%ﬁytsﬁ B12. e o&Ml%E%s

5 B3®bling snayoiamarBar slght UpHaGis Nrhetion 1 nishersje1eanl effectively

t . 4,946 9.t ; d 4.806, 621: 38 .
L GukBiee Xk Otpaaor o S PATI S Aiong eyl B pgtive o
LagpgRmizderida®diionol Rel ease 62: 7, 1999; and Unrich et

al., Chem Rev. 99:3181, 1999; all of which are
| ncor péioamen-desinsralizgd hoae.cpath etongated particlgsy afdeyegplagly shaped

SRS SR Pt e ko€ FRL AR BHSEED ol oty mat.

pmoy cepuaelr shapsd parfioley,(thy dm&hmmlré@bnsqowily gé&ieedlB, be isotropic.
pal y(ortho, esters) poly(alkylen OXi

péioy elongirdparclepdhy e%?%m?ﬂ@d@m op %fge pigchajical properties of the
poI %/ﬁ%gg%y ?ég@ﬁ% gfl Qﬁ ag?ié}glétgcﬁ%ﬂfﬁ% é)ai;c%'é %’ﬂtﬁlﬁ tREb&Smer matrix. If
pahq/pmldxamm)ltedpamqmmg‘; 1zhmy MIyafactapn the mechanical properties of

DY YRR E T teRen o o P PER it e aigned,

p@rmﬁlgye bainasn aks: etNSRIRNBI the @fechdrica? PeoRRAI MBS tomposite

the 5 graadati on products include bioactive

maleperidzinshotiy thertpadingmede a@d@eldlli%m@b@ﬁ lead. or ot her

such r C

or ocessn%éga ﬂr%%:%reh ré%}b ? r{tyt!hgé e | %élggeg &}H %é gomgosfte rather than

[ I’tlélhlﬁdtlgg th&lpolﬂﬂier hlbamnt &ﬂn’gl(lhg m;x&awyﬁlaiﬂ%p@yﬂler matrix holds the

pol ycar onates may be prepared by reacting an

L -Paitrcdesiip @laser Foraxamplpdater BERsTRIRenGmM g‘iﬂﬁ%‘&éﬁ% gn ¢gp of one

( 199 9

£ b o (005 ¥ ionbHcRAMbRed 1Hdw Holiid e bon picces,

mfnhasmmg vdflc}DtHeanommazTQs @olyu’herizad/l fisradtlastsistrectarad emplants ofa

chai ns d|n es, e t hi ol.s, .

Ndﬁ%?do@é@? d‘ﬂf&ﬂ irmegylprly] apakpickes &% Bang, JBqne has very
dgk? %@Hﬁ&e%sw@ Oajtﬁéﬁgﬂhr HoSrevBO! safy! | 5}?&3 RRl Y4RLORRERG at the

derivatives théreof are’useful electroactive
p qioj(ymarsﬁltelddiounéanas batveaentbone pteagsawﬂlr hﬂmetar@emmgmn@usas well
bone to ant.. O her n n-bi ode

bl
b.aa&otﬁwﬁ%wgglfgesw Shap A8 aTeSE B e R strength of the

ogigle@nPAGd Ry BOd¢ieHRinea b9 She B&hiz‘fééﬁ@& strength of the bone but
y et hyl ene vinyl acetate), "pol ypropyl ene,

p
pdiyythet sthaar strength Oﬁdlley tehWSetﬁe This dshp'@l speagthyiseinereased by the

ooy MERBEE of R s iR rchPieonptricEvefbnIE Bt the

Pol ysci ences, Si gma, and Scientific Polynmer Products.
Those skilled in the art will recognize that this is
an exenplary, 20 not a conprehensive, list of polyners
appropriate for in vivo applications. Copolyners,

m xtures, and adducts of the above polyners may al so
be used with the invention. The polyners of the
conposite may form by step or chain polynerization.
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One skilled in the art will recognize that the rate of

pol yneri zati on should be 25 controlled so that any

change in vol une upon pol yneri zati on does not i npact
mechani cal stresses on the included bone particles.
The amount and kind of radical jpitiator, e.g.,

photo active initiator (e.g., or infrared),

[ o

%ﬁ%ﬁ% (t)iatﬁ% 'pﬁ@m‘%eﬁ] chélﬁ 'g{"nut algéflic)é Wg%ﬁ{boﬁﬁhéeﬂt 3%18 gurtfﬁes of the
c bohe pdrnt:lee aareaiemmérahmdcanﬂd)]ne expomﬂmdllpgemef adjacesUbane particles

wej ght e desir 30 ca S us

i GBeraicaly thﬁkec} 4p188d ¢ sieinen o P‘% w%cf ch%O%artent No.
el 1@4t731F, ?Htltféé @gpéo?m BnSddMehsg st 1f§5Maﬁlﬁ”aé%§1%dth%%nﬁre contents
cat al y/st step po ynmerization. 25 Tri functi onal
amﬂwdmdhearemebtpotamtheremdjyrﬁ&mmrs or cross-|linki ng

agents _nma SO ncrease. the cros

onei Ly Laretated FriBorgnrah BETOGTESS e SBOflo o] Tt PRmer by
Ofy ot hefedlingnbif kiRl B Gplhﬁ’t difee ?Sfo-fttﬁ@*boﬁ@?bﬂtﬁle@ and the
m xture may be adjusted to rmnlﬁula e the fina

mokesbaricsl andidgta agex prapicetioy afrihe imatidk.sit aray e destrgblerfo use a
CHRRE R B 2 PSP 5y 05 GAREE: pheffhned in e a

av@lllr Eﬁl rRANtEOdlafle fractoe bf s fghlyaomﬁmbpsmmme density of
Sigma. Alternatively, polynerize partially

pébgprlymged naterial may be exposed to UV Iight,

m crowaves, or an electron beamto provide energy for

||}t 3k, LRAS WS One skilled in the art wll 10
reco gn?n Ze Zﬁ%vfto m)El&fy the cross-link density to

cont r ol Aftdréhe bére pnﬁncdergara dembiwed avith thh pobymnic presyrson fthe matrix
t he conposi

| ds .f
- 4t BOBIRBBHY P SEERRR LIV e, Y SrohghRCpy MpEzed or
prc%’dé(ﬁnk@& eD%h%g p@?ﬁﬁé’rizlaﬁéh ithe pSlyARr P&l it RRadhal ich@alently

contents of whicCh dare incorporatéed herein by
r 66 dhertmae paiéclenngbdhe golymerzingpptegwiser feek net himgd to calcium

p%% ha1.Ex corrrgpoun S, Stﬂearp fi® bone particles may be surface treated before being

combined with the monomer, as described above.

Any biocompatible polymer may be used to form composites according to
the invention. A number of biodegradable and non-biodegradable biocompatible
polymers are known in the field of polymeric biomaterials, controlled drug release
and tissue engineering (see, for example, U.S. Patents Nos. 6,123,727; 5,804,178;
5,770,417; 5,736,372; 5,716,404 to Vacanti; 6,095,148; 5,837,752 to Shastri;
5,902,599 to Anseth; 5,696,175; 5,514,378; 5,512,600 to Mikos; 5,399,665 to
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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15 include, without limtation, a sheet, plate,
particle, sphere, strand, coiled strand, capillary
network, film fiber, nesh, disk, cone, rod, cup, pin,
screw, tube, tooth, tooth root, bone or portion of
bone, wedge or portion of wedge, cylinder, and
threaded cylinder. In one enbod?ﬁent the conposite is

ff%ﬁiiésg gpgdlgg?%mc%ngg) Eglﬁﬁ?deégagﬁlgg% aggczﬁégq)olyacetals,

pcpoﬁylmndaﬁ a bpeleglgcolides,a \/\hpd)l@(di@;fﬁohé@,t | spdighyyoxybutyrate,

re ced. The shape may enconpass a .di aphysj al
rl%lﬁw roxyNalyraier iy gyl BYalilongk rbindegradahley polypyanqacrylates,

teC?‘Fﬁ%g{:‘a{dﬁbﬁo Elu{'é?%egaﬁl@ﬁ)oﬁﬁ% %ﬁﬁey S| i difxe embod1ment the

gues o t'he 1 nvention inc e ethnoid, fron
nak:gi'a,datmcpmduals inghadei t&ba:lﬁ,velnaﬁmmisalb;on‘r«ﬂadlléﬂ emall molecules, or

rraéﬁel | a, %o. tim cervical vertebra, thoracic
e@gp%p mRlcRGLs, Q}aa{tmaée mJmetabehc RIPEessest Y pnpmers for tyrosine-
Cliavédhd &%Sfi@ﬁﬁir& bul Hgfq'irﬁﬁed trogﬁ*l}“ﬁylatég BRd P&?ﬁa{i’ﬁ&rﬁates may be

bones, et acar pal bones, phal an T um
puilicl@;f ed byrgacting bi 4. tyi'OSwa-é%,erpdltdﬂiHeaol cmhmané wgth phosgene or a

L bt et BT RaRwt T, e oo, e propae

I neit6li dofll- aked Monbhidrd 8fl ofter 3eﬁhlho SRREhdvind) feablivC §fe chains,
between teeth for intra- bongr defects, a crescent apron
Ay

f grclyding imines taminess thialsy etet Nagbiodegtidable pelysestewey also be used

B .

plthérest aed qigeful |c¢aﬁroﬁd:tﬁteepolyﬂmrtﬁﬁs tan tﬁﬂn&h&svoltu’gbdﬁﬁm the
pl ates, wave plates,, 26 etc. Partial tubular as well

senfiP%ﬁnom zhoeg tRagn HEPambr | Qéheédn%blﬁgegrwb&@ mFbshipgompatible
n n 0 e

t é)o?}gtr?%h p\afllr?cli?ﬁ%e? ?lgﬁ eﬁg“pﬂosdp ?1%% E(dal"1‘>llt:-,S g{?lggfléﬁﬁﬂng tﬂ Golyureas,

strely(cthgkde amyl/ aetade) e palyprapylaep powrmthaméatef polyethylene, and

SRR R AT T Rl R MR & oSl

j QaBily pRRIhASRAMERI d6MpEESs Favh adsSPOIS)?di&fc'eé §1o8M tha Scientific
techri ques of the invention. Alternatively, the
d?ﬁéﬁéﬁrt Rrodgfs. h&heselskilek in ag art wvikkuedeignied that 1ﬂ@s as an exemplary,
descri b

%ltr egcini[]g\%gensft Lkt BP l r| Zat}')rgﬁ?ate fﬁr n e rTg)rphc%’uons Co-

Cernia
C f]iﬂl}@ﬁéis,l mmurbﬁeanuraauam oS itheeablbe RGN YT d1gLBe wsed with the
situ. Alternatively, the nononer may be partially
poPVeEPRzed into a prepol ymer after mixing and then
pour ed I ' i he: e
Pol yrrer e A HeEE 3 hEkinfodl! dlpf forkl Bl 30 & i PRierization
p dnarekillzéd dn (the iart Wlnlé rpsogpreytiet thesrate snpodyrheribafion tsjiould be

The prepol ma elnsertedlntoavvound Slt3|lke,
SRR 6% Bt L ehige SntgIBie aiRon. pelyirization’ docs' not impact
p%é’éﬁﬁﬁl'célasttfe%s sl thORIBLE boﬁéﬁa:gxéley‘mf‘ﬁg amlohft délﬁ kiEbf radical

and no further covering or wapping is require
r enidiator} hig., photpastiveinitmtohe. g., PV amtinkared), thermally—actlve initiator,

—1

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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Post - pol yneri zation Treatnent of the Conposite

After polynerization, the conposite may be renoved
fromthe nold and either used i medi ately or
mani pul ated chem cally or nmechanically. For exanple,
20 the surface of the inplant nag be oxi di zed using a
sol vent or gas to break sone of 2§ he polyner chai ns and

a erate osition o i .l ant. .

Tl PR otb b it REE Skt of e msB o may atso
strnelgedd tb eimbieast @he t@RoRIRKDIdENSIGNY Pé- Ghawt bolyiﬁ@ﬁzatmns the
exanpl e, the surface of the inplant be sanded
f |q0é@18ntf|@t1a1$ rhashenisal indtiesen indhe W@P@W@%m@paﬁlﬂe mixture may be

[ y sand bl asting. 25
Forﬂgﬂgﬁglz%mRHMEEQ IMPmﬁﬁ%gﬁgkgﬁgPshape of the

desi r ecEiomplant iniitdee brer tlesd sif f Geerger cddied!st QDrmczples of
pronote a desired cellul ar resié)onse Techni ques f

atﬁ%ﬂmrf?gtlgvdﬁz%ﬁ@@po}%laNaWo r JohmoYaler angd 8eng) @nd available
J
5 el 6L WGBS SO Mched bt o

pllﬁstmllyep@imdntem rranadﬁt ntd‘yebs wxpased tooU¥ ligc miviewakes, or an
mol ecul e, or. 30 bi pactive

m)I ecu smal, | ent )
gﬁ@}a toPRads SRCFgY IOR Biteracham tpactiqnss g s skpicglgn ghe’art will

S ' r%@&%lz%%@aﬂoeﬂg?cgﬂﬁﬂgg cngE "ﬁ%i% %g%s%t?f gir)] ggnt%lq%“e%ﬁw Jeg&%atlon and

t Hhe esnfﬁwss obﬁteeMmpmxﬁteMExémplw nrettoudp ofoa teedtrbldingi the rate of

ompolatAes fed fimeleclhy SeigBEeh e PradiEl e aiah GRS im Odian
' r(ll’b@f)t the @nfiRESARntsHThaiitPdre Qitofitiatbd Bereirsty Rference.

i nfecti on. Alternatively, growh factors may be

at t achebhe gompesitgc mayshe polyararized oint ey jshaeantExpmplargr shapes
rodugt.i o
%lﬁl?}%fﬁé Sut lﬂ'[uhag%(r:lo r?p %wett g)l?% 19%{11‘,]%11_“@1&% dstrand coiled strand,

S cﬂapﬂlaqn n@tfwdrlheﬁlﬂﬁ Sibeg dméﬂﬂpﬁskn doneMibé,hcups pid, | soveed tﬁloe tooth,
adsorb onto the surface by ion exchange, dlffu3|on
ottREHn T0bHblies s PRIGRrOL: BOTionBEdE8 | PRHOR (9L Widlegs cylinder, and

Tnﬁreﬁi:ﬂ&f @gl?n(f%F H"Snccg 8&1‘11{6%’( MRy %ﬁltﬂo'éi%@t1§ olyﬁféﬁzed in a mold

exanpl e, by plasma et I'ng or oxi I'ncr ease
i tlmvafgf theishype 6f falesirdieinsplamo ifod epamplaca easlé may backaped as a

area,. Th ound i s refaj ned.on.the. co

o IERGo OF 45 PORe HE & o rhalrabORuRD it ReingomBatnt: " shape may
des@bRp a0k tdi¥ptRkial limplHak, 204 hiefalaryt o¥a® GRARRAUNLY implant.
|nfluence t he |n|t|al phyS|oIog|caI response to the

| @tmlary'muss thatatpayjl bel e@@dﬁcsd ueingithe tgclpigessoif gyl ipgention include

ek bt g F P EPRGBIH BRIRer Brofe, aveomatic

t hesdcdkicktbed, mﬂrdéi@ﬁﬂebrm&ﬂbdiiv@ﬁeblﬁ%acmrﬁﬂ &terl@h eSlavicle,
may be drill ed into the inplant to facilitate ban
{@@ges ilium,

| rigrRWenhBReES TBAGI aa.comapm croges. gpetaearpali heges. rhe
sél'E é@{)@ %mmﬁhﬁ & ﬁ@lh%} é)%ltéf% @é}l%glg&g ﬁeg%ag ’aﬁl fitc ‘agaa'ﬁ é)@nes.

any of Inhenesdiaipeiiments tikdconymeite iCaphlederss-Ccplater & dimilar support,
| at hes, and ot her .equi pnent. enabl e a bl ock to be_ sha

ped
i nmelué@#pb%m s rign SFhsRs o s @w&&e@ﬂ%@ thn@r "ntra-bony
CUffEets, o r@&lgﬁts%)rgﬂ' ‘?orostx ¢ sitd ﬂ%eo Yrdcta; %?] 4 SII) ?‘g&a@#ﬁé@%cludmg

be custom e rticular i

30 malmdth nael l:momlozmelntmguah;alkalat mmb,edeutmhamtmomphﬁdse ispoon plates,

BT enoELOWAY (AL FIPSoEoTRRF L PHARE Reles, wave pltes

conp03|te of the invention. Traditional joints such as
t ongue- and- gr oove, dovetail, or nortise-and-tenon nay
be enpl oyed 25 as the nmachi ned pieces are assenbl ed.
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Alternatively or in addition, the machi ned pi eces nmay

be chem cally attached to one another. For exanple, a

bi oconpati bl e adhesi ve may be used to attach machi ned

pi eces to one anot her Exenpl ary bi oconpati bl e

adhesi ves i ncl ude bioconpatiblezgyanoacrylates,

epoxy- based conpounds, dental résSin seal ants, dental

3Qtd. eBhrfiaC RIBANRF S5 wWeblIaESHldt PIABEMaG DEERbSoatdAOhYH{gBE R nposite of
met hacryl ate) (e.g., bone cenent), .
gdhainventiens o lde rempositaratay efisadbe glaghined o iforay part l9aeldof a hip

[ i ' bondi { h '
D 81140 B BN SHBL Phh g
basefliredrigmlat ntdye Beddoith lacdegired Aicilafib® niitdRg &dy., plastic or

bi nders, including but not limted to fibrin glues and
misefal -Qiber ipie TeplRcasnans dpyisesemay alsp beneftiriram Bsrigehwigues of the
mﬁvéﬂltiﬁx? be exploited to attach machi ned pieces of the
conposite to one another. 5 Chemical |inkage may al so

be achi Alteghativelgatis compbddiee mme be B ®&tbckitBaias nadhined into a desired
cross-ljnk with one another. If there are bone

péﬁ?ﬂe&f@;ﬁ palymegigation, phdescabed PRlo¥onposi te, they may be

| nxed thanOfiEnfiie b8 Rtknt RO GmE RSGiatdddithid%he implant site
techni ques, optionally arter dem neralizatTon.

Aland pobimereey} in tine Adtehiatieelypihe cesnomeey niey be partially polymerized
pl.asma- et ched or, oxidi zed.and then, t he. opposin .

5 PP eepaliEs AR it Apg . RqueRds oy I (Bisn® ppdd e ruplant

Pisee @shedd pSRARASA: is completbd. thE MASHANISHBNbe Bblyhifized until
bone particles within the conposite i s anisotropic,

sitheprepolynienés & sempiselid putttny Theprepelymist awyibe inseyied dntpra wound

t.ch.th Lrection,of orientatiopn,of the bone .
itk el iole o R AR el Ry aEn i gorpelete the
off@eid sitg i80setBQndHd Airthey csRFmgdrRfappih@l i8 reGreddtretain the
the bone particles appear to forma 1£ ‘spiral through
t femppsitadadhe ayanf sitthe | ayers may be in a conti nuous
ply or rotated ply configuration in which successive
I _ : i sone specified or
e o G ar in
anot herAfterbpadymentation, tleocdmmfsite meaycberpesoval framethieahold and

may, be m,l.l ed .or .ground.agcordj ng. t.o the technij,qu

o R B RS oF PR IAFG Fhetione pRSEhagiraly. Spr example,
BaRe sirfRBdf ¢he fakhANETe oGidRiea (illsingra d01Vene Or EANBARédkEsome of
particles may be conbined in a nold having a desired

s Hbp @obymer ohping gt dcesleraien Bleuiditing daegmpdsitioneofs thgpigwplant. The

d b ressed to.form ol.id accordin

* oofiate g e AR o TR Pt 6 Sl vony
e dn-groweto NFentsangile Whe Ghirfadecof the AmpRMaLes Heesaatied, fled, plasma
reference. In a preferred enbodinment, the conposite
p&ihed) dsmicrlychdeds @ anechawcaliepitted, for example, by sand blasting.

For example, composites having the shape of the desired implant may be

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

coupling agent attached to the etched surface (see U.S. Patents Nos. 6,033,582 and
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25 pressed shape have the size and shape described in
the '187 patent. The conposite particles nay be m xed
wi th additional bioconpatible conmponents, including
bi oconpati bl e binders, fillers, fibers, platicizers,
bi ostatic/biocidal agents, surfgee active agents
(e.g., surfactants), bionolecules, small nolecul es,

bi 6)BIEL, 028¢ tIRQENrS cobits of RFHiEH atelincotpbiafid hd?éindy @Ference). For
conpressing.the conposite particles. 30Particles of

t FSamplep anti-inflammataris acapts ercaibiotiss apyt be pitachedifp the surface of

I y 1 d. gm' {i nl i
TR ARblao Hihic B AEARGE Ll BR AR drdb S CARIRRG Ry, erowen
wihatbrsangy beattaghed as atirabeostesblinys toctheimpi@t sifder to stimulate the
conggthe ar{icles are slurried in a suitable liquid

tipn ghcollaggh.m such as a flat sheet, mesh screen,
or at = i j S auiod el u .
add 1 o o e PAp e na  BE il JH sdrfiop Bt dosired
alvoupouiheviviet id dlowed tpradsebd dntethelsusfaceanbyp domt éxchange, diffusion,

ent angl ement .t h hel ps.the final inpla retain_its .
S P BUer Pl AR Brihpek abble Tl Ronpestice of the composite
Pahdy Bd B8atdB oDk AGI, BYSHadi¥a ERRINYHr %g_i(ﬁﬁoﬁ_?_tﬁ g§6r¥£e'iﬂ§ affinity

the liquid or by using ultrasonic bondi ng.
wdor [the dompeund er tiimzeasd riusfdcd areae mdihie ngpnigromntl i iguiedined on the

fromthe entangl ed.mass by vacyur evaporati on.

wBrssls BRI iR Tidretont e dhe SHOPAUHAGY dspord shortly
C QiflePihp1 ntRddH, itGk B&SchidBoh 188nSutdce ﬁieeiﬂitiap?ﬁysﬁﬁ@g%ﬁ s&ﬁuﬁse to the
force 10 during or after wet-laying and/or while the
maBwlant. Pays; rapldedespmtioniimg pb,yslg%glcal enviropmpengris desirable.

al t er nagj v: ' letad c Lte i

o TSR b LIRSS Sy Aot o o
ghbms&mrildﬂm% irc phastiy m@rching]yig.l Fok cbﬁﬁmpmnlmeaat By bagdiﬂmyinto the

e reshaped._w t hout machining. The pol ynmer. may be .
¢ GmPLt B eiiae R (ngrasihrdS pEPEdcchanpely ﬁ%rp%%'%ﬂfng tissues to the
i . it . ' '

Téhlgg‘%fj e %Fégﬁaatﬁlg%t% e?%g isgtgs%la od?gngnl??&t ﬁ{?’c%npﬁ%g@tﬁ g&j info 2
i glesired shape, ipduding lahy ofithetshdpearithtadrabeve.e Comptier-aontrolled lathes

R P A S A e P
S tsh@$es emcRidHipe Burk¥s, Sii@iplesd it NSthBReBABURT- Such a shape may be

G her enbodi nents of the invention will be apparent to
t Irosfermdzed) toeldt » partitalaarimplandsite. drese aachined somponénds may be

SR DG 8Bl A I PR RChRE rov

exingf ehichengyp bs ifdigiakdatoRx@BWoaipYsie by theMnivbntidhe Traditional
true scoge and spirit of the inventiagn being indicated
by OkesUch |25 dfENg- 2B RreRye, dpveatail, or apqifisgend-tenon ggy 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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CLAIM5 1. A nethod of producing a bone-pol yner
conposite, conprising: providing a plurality of bone
particles; conbining the bone particles with a
precursor of a bioconpatible polyner; and

5pol yneri zing the pol ymner precuP wher ei n coval ent
bonds are forned |inking the po ynerlzed pol yner

proeading Qigeis stich feziBo pRogpaite] ﬁlh%&,slui’n pH&s@h#we] £@btRér phosphate
claim11l, wherein polynerizin ol yner@grecursor

chipnd semeripezZine eRshexItec @Pﬁeﬁlkb%gd tth qmn ipglading but not
B gl Tﬁl%ds & ﬁbllnl? fgﬁ?e@ Sa!nr(l ﬁ&gl-ﬁ%ﬂlv%ﬁ l‘ﬁdﬁém% hgﬁ%o =~ d QIF?Sﬁmcnléondmg

precu creatl ng cova

t hmylﬂgrobfyﬂqﬂmlfeeldo ﬁﬁh@lﬂﬁﬁclﬁ)ﬁﬁqﬁé@@ bf tHetdandpbsitdie@e another.
partlcles .. .The method of claim1, wherein the
pol yner m%r inkpgs mayalicheachioussh by savsmadhe machined pieces to

PreeRR e ith aorfel %ﬁlﬂe Fifr_ltﬂéi(@ re%rﬁqg) a?fi‘{léé 3 ltP(e% sulif%ce of the

po ynerlze al m
Ccmmpbsi'tm @aynﬁajl' be hhkemt;totdme qﬂcdr)unmg sr.unda:ndrcwsrs 1itkin® techniques,
t he .va nd.interstiti str.uctures of_ the hone
p&PHPRY ﬁef a PRIASKHARBEN- of AUPERHYALY: WifemachinedhPigrssemay be
p L r t

i ‘ﬁé}%f?’é"¢%§£%2?fﬁ“‘é%§°%°%%& EXRhd Bloi cross-links
pdetwashdhks tverpleeds)of gompositeer eof . 6. The met hod of

claim wherein t art es.are_obtai ned from
b Gl B0 FoRhiGes Ry R gpRinbgfe §nBotropic,
canesl bPuse BemMPosieOhal Cir aRAMIJIOHS 1HRRALIn WMLHT R Wi&Sion of

t her eof
orientation of the bone particles is offset between layers. The layers may be offset

by 30°, 60°, 90° or by some other angle, so that the bone particles appear to form a
spiral through the stacked layers. The layers may be in a continuous ply or rotated
ply configuration in which successive layers are continuously offset by some
specified or random angle from the preceding layer.

In another embodiment, a block of the composite material may be milled or
ground according to the techniques outlined in the section entitled “Preparation of
Bone,” above. The shaved, ground, or milled composite particles may be combined
in a mold having a desired shape or configuration, including any of the shapes
described above, and pressed to form a solid according to the teachings of U.S.
Patent No. 6,294,187, the entire contents of which are incorporated herein by
reference. In a preferred embodiment, the composite particles incorporated into the
pressed shape have the size and shape described in the ‘187 patent. The composite
particles may be mixed with additional biocompatible components, including
biocompatible binders, fillers, fibers, platicizers, biostatic/biocidal agents, surface
active agents (e.g., surfactants), biomolecules, small molecules, bioactive agents,
etc., prior to, during, or after compressing the composite particles.

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

wet-laying according to the techniques of U.S. Patent No. 5,507,813, the entire
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7. The nmethod of claim1, wherein the bone particles

are obtained froma nenber of the group consisting of

aut ogenous bone, all ogeni c bone, xenogeneic bone, and

m xtures thereof 31 8. The nethod of claim1, wherein

t he bone particles are about 1%4 o about 25% by wei ght

of the conposite. 9. The nethod of claim1, wherein

t fé@nﬂ@ﬁt@ SfRAidH £t BfcoRRatdd QbleirPBYedfsreAttO wh&&%ﬂwne particles are
ght of the conposite. 510. The nethod of claim1l

mb&r@%mt mntbbhélqyai wdctagomp forgheigh a5 1}%3@ shegh anesh Bewen, or a

t of onp 1. The
P Ensiongh ABoa T TEF o Bouife majodreTiAs g om bidppativie
by;oﬁq@bﬁléﬁts ok d&eribemdsid.e. The. wihRyimt padesf rédults Minlparticle
wherei n at | east about 60% of the bone particles are

1@@18@&@&16@ thatshelpsde fimehiseplatt retpig; ifh shape. uFurther adhesion between

LA BRI b R BHELAERy Blonddife BODMABRE i b Hhuid or by

S uisingagdtrasonier baadingat TI&C lwlet‘lgucarr&lsé anhen lemdi ibyGremoeini thé) liquid
the bone particles, wherein the silane_coupling agen
eaimelefl maass by éfa@truaugr eveRprafien Alismaardy oa1 %ﬂd&wn the

t I%ﬁtaﬁgffﬁriﬁ% Z&dcégﬁé%ﬂ@ BPCt | F&Unaf ve g‘(ﬁnecghe Jgt Ii)xg) égswe force

cla erei ve group IS nDno unct
ordunmg br dfterctdt-dayahg and/or while the mass of particles is being dried.

In an alternative embodiment, the completed composite is remelted and
molded into a desired shape. Thermoplastic polymers will flow upon heating and
may be reshaped without machining. The polymer may be rolled or extruded to
form a particular shape or molded in the shape of a desired implant, as discussed
above. In an alternative embodiment, the composite is at least partially melted and
inserted into an implant site before cooling. Alternatively, a machined polymer may

be heated briefly to reduce surface stresses caused by shear during machining.

Other embodiments of the invention will be apparent to those skilled in the
art from a consideration of the specification or practice of the invention disclosed
herein. It is intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention being indicated by the
following claims.

What is claimed is:
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16. The method of claim13, wherein the step of

nmodi fyi ng conprises attaching a 20attaching a noiety
selected fromthe group consisting of a bionolecule, a
smal | nol ecule, a bioactive agent, a non-biologically
active material, an inorganic material, a mneral, and
any conbi nation of the above to the bone particles.

17. The method of claim 13, wherein nodifying a
surface conprises attaching @%ilane coupling agent to
the bone particles and attaching a noiety sel ected

f@ﬁﬂhaéthe group consisting of a bionolecule, a smal

_ e, a bioactive agent, a 32 non-biologically
active material, an inorganic material, a mneral, and
ahy c om’glgeﬁwﬁlozfmr@ﬂcme @ bahopel ymer edieposite, £ABPEHNH! i ng
agent . 4.The method.of cl aj 7, wherein the sil ane
coupl i%“%‘ér?tplﬁ“ﬁé‘iyﬁ ggneapaﬁgéégés}bi oconpati bl e | eavi ng
gr oup. cobhhing thertohd patticlks withiarprecirsor oflahiovdmapatible pohyaner; and
noiety is incorporated into the polynerjzed pol r —_
pr ecurRymzing '&:‘R SQLsT PHEUISET 9”&8?9‘%%‘8’4?8} ?ﬁ‘?@? ate formed linking
precurgepol ﬂ}&ﬁ#ﬁﬁﬁ % hebtfhe D@RcEVal ent
|nter5§t %2%@ 50. he mqﬁﬁﬁ% B 13w

er a nmet hod of claim 13, wherein
nodi fyi ng the surface conprises exposing collagen =~ -~ |
f2.ber sThe methed ofielpie . wheremap BBRFIZHE the Pplyguer PEPCYrOrRINprises

nmet hod_of cl aj STene IS avd :
expos el e Pt Fos IS e AR R el Sho molocular
f ur t heweightmpf ithé molyonaspretirsikj Rgd tdieating peyelgntc pndsgipking the

fibers.
polymerized polymer precursor with the bone particles.

3. The method of claim 1, wherein the polymer precursor is selected from a

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

4, The method of claim 1, further comprising infiltrating the polymer precursor

into the vascular and interstitial structures of the bone particles.

5. The method of claim 1, wherein the bone particles are selected from the group
consisting of nondemineralized bone particles, demineralized bone particles, and

mixtures thereof.

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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23. The nethod of claim 20, further conprising
derivati zing the exposed collagen fibers with a noiety
selected fromthe group consisting of a bionolecule, a
smal | 15nol ecul e, a bioactive agent, a

non- bi ol ogically active material, an inorganic
material, a mneral, and any conbi nation of the above.
24. The method of cIa|n113 wherei n nodi fying a
surface conprises washing thé3bone particles in

gﬂosp I Irﬁetﬁ&d gf clgﬁn T@ﬁer@‘ﬁttﬁé’ GOIQJ ?aﬁ'{lalamrlyabmelr‘% k& about 25%
the polynerize yner precursor

20sel diytvedgﬁtro@mddmmmslmm consi sting of bi odegr adabl e,
non- biodegradable co- polyners of biodegradable

R R BT A SR
pol y nedysweigift of Thecowglobigs] of claim 1, wherein the

nononer or prepolyner fornms a polynmer selected from

the group consisting. o ol y osphoe ters 0 0
pt}- y s ulheonethod Qéi}éﬁrﬂlfu‘ﬁ‘%gﬂf‘éég VIR ?ﬁ%%l?%ég,l % to about 75%
pol y(air?}wé Rositdo! y(aryl ates), 33

pol y(a ydrldes) poly(hydroxy aci ds), polyesters

poly(ortho ester car bonat es, pol y(propyle .
f Liner aThssrpethp@ pwle@pﬁ) e18riba honesrtcler A abous gp ¢éﬁlahe;ut 99%

aC|ds | acti des, polyglycolides,
poly( oxa nes@éaﬁ%¥QL§droxybutyrate

pol yhydr oxyval yrate, poly(vinyl pyrrolidone), 5
bl2>degFladmbthed pd| ojaiynahowlergih at deast phayt €§¥a thiebone particles are
polyurqthanes pol ysacchari des, tyrosine-based

polyne ﬁoly(pyrrole) poly(aniline),

poly(thlophene) pol ystyrene, non-bi odegradabl e

ptd.yur Bhdarend fodlyinr éasyrtheolyptisiyg emalifyingyd surface of the bone

acetatﬁiyf %glypropylene pol ynet hacryl at e,
pol yet id pol y(et hyl ene oxi de), and m xtures,

adducts, and co-polyners thereof. 10 27. The met hod of
ciai m the tietiddest a3, swh@eipl modifigng hesublaeme comprises attaching a

particle/ pol yner precursor mxture in,a mold hefore ..
pol yne?ll“i‘ﬁtcpmmgz%gem‘r??e&’ﬁél"ﬁ‘éé’a’a’l‘:ﬁ"& whefeip tth &??fr?e?wphng agent

conpr i §drﬂ;§hses 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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partially polynerizing the polymer precursor; charging
a nold with the partially polynerized material; and
15conpl eting polymeri zation to formthe bone-pol yner
conposite. 29. The nmethod of claim1, further

conpri sing shaping the bone particl e/ pol yner precursor
m xture in a shape selected fromthe group consisting
of a bone, a section of a boneg, sheet, plate,

particle, sphere, strand, coid%ed strand, capillary

net wor f j | S e b ;

tube. BrsopBEal) Uk, el oo o maR, S, and any
of wedgmpbimzyibn nflée abdverte dobesilame/douptieg ageand rod. 30.

Use of a plurality of bone particles and a precursor

of, a hj,oconpati hl e .polyney i.n the..naNn r f. )
r#egdi cg%n‘?l%ﬂa t‘ﬁe&fl%‘r L?/’O‘F’ﬁeéelgoéﬁ% -Si}g%y?r‘%“?ﬁ%% ﬁa‘g%rgi s éélu?eg p® ol
t he t rgadompatibleficaidghepadi ¢ di sorders whereby the
bone- pol yner conposite 25 is to be forned by a process

whi ch includes the st of ,pol.ynerizing.the polynmer ..
p“9e cur e mgglea of elgim, gg o i vﬁ%ﬁa& the. gl% ey 1% ﬁ‘cPﬁ)ﬁﬁt%dg into the
the poloyyREA28 PoRRkeY %?é‘cuﬁbﬁ@ﬂllﬁrﬂ&ﬂ tWkHelpolfiferi@d @olymer precursor
particles, wherein the process also further conprises

part i aiy ympwberaficoydleny andheon-govalsat ipfRERCtiSRRcur sor

putting the partially polynerized mxture in an

| 5! anhfes ko Qg GAP! 1\ AGeiRGhYdTBfihZ Bl Qitfacs %orfnisg&s Qfkposing

a plurality o one particles and "a precursor o
bi ocongdlagdn fEbepodtynesurfape offthe heneufadtédlesr e of a
nmedi canent in the formof a bone-polyner conposite 5

2oL PRI S PR e sl v

whi ch includes the step of polynerizing the pol yner

p2Zcur Slor msthoth of kkim GOy irthert cdmpténgagressflinkingdhe exmgsedcollagen
t he po*%narized pol ymer precursor with the bone

parti ct'€8€% wherein the process also further conprises
putting the polyner precursor-particle mxture in an

i ppl anThs idethod Qifed Gme2 () dinyine comatision dedPatizifigethenexprseld collagen

of claim1, .further conpri.sing nodi fying. a sutfac

Che cofb it Snaich BrehaRmge ERRp oo o Ablqtele, a sman
cl ai m 32jecHREh &ifackiRe aBéRP a GlontBaslbEivalng activeUinbirial, an inorganic
conprises a menber of the group consisting of

oxi di zimatgrigh amepegel, andygosvingtion REths 3pece,

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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27.

28.

29.

15 roughening at | east a portion of the surface,
etching at |east a portion of the surface, retaining a
bi onol ecul e on the surface, retaining a small nol ecul e
on the surface, retaining a bioactive agent on the
surface, retaining an inorganic naterial on the
surface, retaining a mneral on the surface, and any
conbination of the above. 2034. The nethod of claiml1,

Shap® NNy ( REVCDBIT e PoDEsrbn, Pelyorh cster)
et hosly @fbonhids, ”?xﬁé}(préﬁ@@én%' ﬁrﬁe'&ﬁeﬁhﬁ@l?fgdaﬁro%b%%)e%of}raﬁﬁﬁes

t he group consi st i ng bone a 'section of
sheenolyapeine r(mdea pelyxetals, Is:tlylamdles CEﬂlYQﬂ?OQﬂC%IIWIY(dloxanones)

caplll f|| her di sk
cond® I%fy\rém alfé’t ub®’ }%féﬁﬁwa}tygg E%Xévhnyllootpym’hdone)
str thmdageﬂﬁme por pdlpeyanbacrEstes, CWlb(ﬂEéﬁl’d,abItehr eagtgurethanes,
cylinder, and rod. 35 36. The nethod of claim 34

f ur tRRAYs2eehiapfess | riggropiang bassidn gPelymetsy alHORXPYIFoledn c Hohapiline),
t cl

S R PlofRIREpoIGrAg! BB biodlarditfe JNGEHest i flcas

vv| t hpddy(ethylsee Ghylaacetadd)e polypropalenecpelminethboryhts, epodyethylene,

Itr bondi nd an onbi nation_of the ov

56, RARE AR and Pl Y TR PR 0B B el

rrachl ning the conposite into particles after

pol yTies methdd oficlaind ], Fonieresmbriging placipathd ine pattiolef sl ymer

an ost eoi npl.ant od of claim 38, wherein
£ he TR THe R BB GTEPUTRERELSEd w th a 107 or co

greater than about 1000 psi.
The method of claim 1, further comprising:

partially polymerizing the polymer precursor;
charging a mold with the partially polymerized material; and

completing polymerization to form the bone-polymer composite.

The method of claim 1, further comprising shaping the bone particle/polymer
precursor mixture in a shape selected from the group consisting of a bone, a
section of a bone, sheet, plate, particle, sphere, strand, coiled strand, capillary
network, film, fiber, mesh, disk, cone, pin, screw, tube, cup, tooth, tooth root,

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

30.  Use of a plurality of bone particles and a precursor of a biocompatible polymer

in the manufacture of a medicament in the form of a bone-polymer composite
for the treatment of orthopedic disorders whereby the bone-polymer composite
is to be formed by a procéss which includes the step of polymerizing the
polymer precursor such that covalent bonds are formed linking the polymerized
polymer precursor with the bone particles, wherein the process also further

comprises partially polymerizing the
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40. The nethod of claim 38, wherein the conposite
particles are conpressed with a force between about
2500 and about 60,000 psi. 41. The nmet hod of cl ai m 38,
wherein the conpressed congosite particles have a void
vol ume not greater than 328 15 42. The method of claim
38, further conprising conbining the conposite
particles with a nenber of a wetting agent,

bi o¢ i_bl [ 3 illers fiber.. stici.zer . .
o1 oS urre Sl s pgiihy poBlerpRl ARYE f Bh imptant st
bi ormat espkting pellymetipdtivaul e, bi oactive agent, and any
conmbi nati on of the above before conpressing. 43. The

S1har 1610 gl dond Rieled anLi EHIPLh 4 HecRRple bolymer

consh §hd RAn@hctBreNEmedicaR&lt iR thelford d? %rl?onefﬂ%g@ﬁer composite
pl ate, particle, sphere, strand, coiled strand

capifpt theyireatmens ok orthopedic disdyders winsrshy thti lsdne-podymasr qoimposite
screw,, t,.ub Qot h th. r t , eV .

por i 4a W iy & ik, MR ek, o hsp sy Botfifepicing the
r od.poliner thecunsk badh thit oo slemntbndd ate tthereddiniiig thé pelymerized
machi ni ng the conpgsite into 25partjcles_and §
wet -RoLTAPERES Rt éflee $0p% PRGF I -aW P GE e Bie iRIPest alsozfrther
45. chipriRE! PREng ths pelyMel préditoRBhrtie RPN tleNS AERLHRG: site
at | east a portron of "the conposite to a tenperature

at isferh polysepaitiomer fl ows. 46. Use of a plurality of
bone particles and a precursor of a bioconpatible

0 YO o B 5y P BT O

or t hdipedolymdiisasioder s wher eby t he bone- pol yner
conposite is to be formed by a process which includes

33 he PR Bd RP %ﬁéﬁ r3i22%vﬂ9rfe}nht e(%?elpyol}errrlocfffyﬁfggzg %‘%&%‘fﬁéﬁ%ﬁ’g&“ a

t hat ™ coval ent sTare torng i nking
pol ymenbgrefahe geoupvdonbistinpeobanidizingrdt iledses powtoardfi the kingace,

process al so further conprises jnplanting the at | east
par UPRRIPRHIEEH BoTheliof Py Fer SEBRH SRS Rirtegs! foRgrtion of the

| Pl ibface irbt@inbRf £ bRNMIAW A tHeNBHBQPASHIS 4 SmBPRlolecule on
47. The nethod of claim 1, further cConpriSing

conphesyifeg, reRinie bicketivesizenorre thsasurfaed, astamingetmh grorganic
i n g, AL ShOL e SORAREN AL hfferAUTRhO bR EE NG W, LOmbiGtion
pol ymer precursor.

of the-above.

34.  The method of claim 1, further comprising machining the composite into a

shape following the step of polymerization.

35.  The method of claim 34, wherein the shape is selected from the group

consisting of a bone, a section of a bone, sheet, particle, sphere, strand, coiled
strand, capillary network, film, fiber, mesh, plate, disk, cone, pin, screw, tube,
cup, tooth, tooth root, strut, wedge, portion of wedge, cylinder, threaded

cylinder, and rod.



10

15

20

25

48. The nethod of claim47, wherein the conpressed
bone particles have a void 15vol une not greater than
32% 49. The method of claim47, further conprising
conmbi ning the bone particles with a nenber of a
wetting agent, bioconpatible binder, filler, fiber,

pl astici zer, biostatic/biocidal agent, surface active
agent, bionol ecule, small nol ecul e, bioactive agent,
and any conbination of the al¥dve before conpressing. .

050 f :

0- e e 00 it 2 L AE NSk PR MTRUARRCEE machinea
conS| $idcBgoonbobie@getRersect i on of a bone, sheet,
platleI particle, sphere, strand, coiled strand,
capi r '
O AT o SR e 63354 Bidbr i
porti %nmglfnb&egigﬁl a@¥bivB AL nechdHi @R EREENEY, |dltﬁﬁ6ﬁlc b@ﬁ@mg, and any
rod. 2551. A conposition, conprising: a plurality of
bone mamblrrahespf&ndbw@? a polymer precursor selected
fr?n1a nmononer, a prepolyner, a flowabl e bioconpatible

y rLialdy y

o8 yette ffhof; APLhAA 1Y ABRLYERRpASH: haBAREYC anposite into
const rpmtcmd; afteh pbbate,nzuﬁmn ahﬂlecqumbryssmg B @otlicksr to gorm an
polymerlzed1 at least a portion of the bone particles
are chﬁPEﬁQPW5attached to the polynerized pol yner
precursor. 52. The conposition of claim51, wherein at
| gast ehePakthb®@6f dhint B& WitnEn far dontplosise partclewarakempteysed with a
l'inked to the pol yner ecursor. 53. The conposition
of cl aioraegreatsrdhar about %‘?Qﬂ’éﬁ n at |least a portion of

t he 10|nterst|t|a! and vascylar structure of the bone
Paf t i ChRSmamsd bNElhint B@twikrdth ke dddosite particles are compressed with a

force between about 2500 and about 60,000 psi.

41. The method of claim 38, wherein the compressed composite particles have a

void volume not greater than 32%.

42.  The method of claim 38, further comprising combining the composite particles
with a member of a wetting agent, biocompatible binder, filler, fiber, plasticizer,
biostatic/biocidal agent, surface active agent, biomolecule, small molecule,

bioactive agent, and any combination of the above before compressing.

43. The method of claim 38, wherein the compressed composite particles have a
shape selected from the group consisting of a bone, a section of a bone, sheet,
plate, particle, sphere, strand, coiled strand, capillary network, film, fiber, mesh,
disk, cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge, portion of

wedge, cylinder, threaded cylinder, and rod.

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

particles and wet-laying the particles to form an osteoimplant.
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pol ymer precursor. 54. The conposition of claimb51,
wherein the bone particles are selected fromthe group
consi sting of nondem neralized bone particl es,

dem neral i zed bone particles, and m xtures thereof 15
55. The conposition of claiAdb51, wherein the bone
particles are obtained froma nenber of the group
consi sting of cortical bone, cancell ous bone,

4% orpbs TR0 6 e gher Sen s e phReT S priagios e
are Qhtishew d keRFeRnEIBHiciPthe PBEmEE BeRsconsi sting of

aut ogenous bone, "al | ogeni ¢ bone, xenogenei c 20bone,
and m xtures thereof 57. The conposition gf cl ai m, 51,

%merlensenoﬁ hpluppditie o phaneinartisles 2nd 2 Beaursol of & Blogppnatibiepglymer
by [
of ai T 8 mprb R 6OTRRAIC fon il o Rame O o g opyposice
aboufor i/t aymensi of hirthopedm disordems odictaby th@Boidspolymer composite
conposj tj on of cla|n151 re|n t L
o o Bk BaiedcbhBomrpciss Ry VMRS (BF SeRecc bl ERiae e
The g& P&m &e&gbr%ﬁcmt@t dovalknt M4HAE @iefoihel Ingdigs the fpolym‘énzed
particles are about 76%to about 99% by wei ght of _the
conpBelymer pragursel Mpbsihe ihone grrtidles; Mhsrem \m?ep@ic?ﬁsa%lso further
| eas
Tho 3 pfifdhis GO% RATDRAL biAES pBk oA Mrosite int
boneapanplantsés before atiowirfg thel coripsite bngwdi t i on of claim
62, wherein the surfaces of the bone particles are

“Bar 1B T Erafl SR PR e DD St one

an apirtivies gogttier tinad préileteﬁﬁme@ahqiwdftd:rnéomlhhmg them with the
pol ymeri zed pol ymer precursor. The conposition of

cl ai BPIBCT RISEFE™ the active group i s monofunctiona

or multifinmetional.

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

volume not greater than 32%.

49.  The method of claim 47, further comprising combining the bone particles with a
member of a wetting agent, biocompatible binder, filler, fiber, plasticizer,
biostatic/biocidal agent, surface active agent, biomolecule, small molecule,

bioactive agent, and any combination of the above before compressing.

50.  The method of claim 47, wherein the compressed bone particles have a shape
selected from the group consisting of a bone, a section of a bone, sheet, plate,
particle, sphere, strand, coiled strand, capillary network, film, fiber, mesh, disk,
cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge, portion of wedge,

cylinder, threaded cylinder, and rod.

51. A composition, comprising:

a plurality of bone particles; and
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The conposition of claim®62, wherein the surfaces of

the bone particles are derivatized with a noiety

selected fromthe group consisting of a bionolecule, a
smal | nol ecul e, a bioactive agent, a non-biologically
active material, an inorganic material, a mneral, and

any conbi nation of the above to the bone particles.

20 66. The conposition of claim®62, wherein the

surfaces of the bone particle&¥ are derivatized with a

sil ane coupling agent and erein the silane couplin

agent 2 BOLEET \PEGUROH eeﬁdgg?mi YOI L . FbFPT SEE b Hlowable
group consipiichR@atile ap&gﬂei?' 8| £, padtiaSIFBIolyridz8€ UbiBeorpatible
bi oacti ve agent, a non-biologically active material,

an i nor ganipelymerevhea¢in: a mineral, and any conbi nation

of the, abave, ..39 .67..T C [t d l.ai.m o

56, | Wit SOBPHSd cifPEd “BHELE AR Fuclf BhThfiRaChhe polymer
pol yner i zegr@alspis pplyactizahrat dedt lai priceeh b thehbone particles are

pol yneri zed pal yper precursor by a menber of coval ent
i nt eracti orf Yalﬂgg}i’é@ ddpfhe R%B@f{%{t?ﬁl B%G%@C‘gﬁv
conbi nati on of the above. 568. The conposition of claim

6. WherRi RBnfpobitiag 8N clhind §1,Swikkén axRas adoriont dfehsburkaatticles are
of the bone particles. 69. The conposition of claim

68, wrevalerily heked g BisPQlyausT PEGEIROY | bers are frayed.

70. The conposition of claim®68, wherein the exposed

C;fi' agRR. %&Qﬁ&%ﬁ&f 6f IsSot ckRUs1, 1NHkeihiNS LASPOSIdkticH of the
of claim68,” wherein the exposed collagen fibers are

der i vanterstitialvand vasculer strycture|of dhe fote parficlge aggy Bdifrated with the
consisting of a bionolecule, a small nolecule, a
bioacﬂf&%ggagﬁlyagfnon-biologically active material,

an inorganic nolecule, a mneral, and any conbination

0f4.t heTtabangposiidn oFvérimoTip edictdin thedfong [paitieles 2revbr¢agdhirom the

the bognrgul? agotnls,igi!ir?gs of *hondemnineralz8& Hhdd BImicles, demineralized bone

particles, and mixtures thereof.

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

cancellous bone, and mixtures thereof.

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

bone, and mixtures thereof.

57. The composition of claim 51, wherein the bone particles are about 1% to about

25% by weight of the composite.

58.  The composition of claim 51, wherein the bone particles are about 26% to about

50% by weight of the composite.
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15cal ci um phosphate. 73. The conposition of claim51,
wherein the polynerized pol ynmer precursor is a polyner
sel ected fromthe group consisting of biodegradabl e,
non- bi odegr adabl e, co-pol yners of bi odegradabl e

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

20bi odegr adabl e polynmers. 74. The conposition of claim
73, wherein the polynmer is sel&cted fromthe group

SRS SH S0Pl prseropstir o) Rl NS ALY AOBT o

pol y(afset 8§ G/%)%,ht oohY Canpossie] des), pol y(hydroxy acids),
pol yesters, poly(ortho esters), polycarbonates,

25pol ropyl ene fiinerates), poly(caprolact
p@f y ay }gé‘é)?gﬂﬁ?é‘ltl?’éﬁf ﬁl@inaél,dg}?xereire theyb(one r:;))articlecs: a?ena %)21{ 76% to about

I [ | ygl li [
g?’ya&g@gg§“ggﬂybpﬁkbgﬁﬁoﬁg.yg ycol i des, pol y(di oxanone

pol yhydr oxybut yr at e, pol yhydr oxyval yr at e, pol y(vi nyl pyrr
obi.donEhe compos%ion of c,laaim 51, Where¥n at l)e/ast abouFt) 603%( of th)e/ bgr){e particles

bi odegr adahl epol ycyanoacryl at es, bi odegr adabl epol yureth
anes, %8F@§§§gharides, tyrosi ne-based pol yners,

pol y(pyrrole), poly(aniline), poly(thiophene), o

pé.y st Yliee Rempositierb iof dedgjmadab wdheppin ysurfatehapfethe bone particles are

polyureas.. s

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

derivatized with a moiety selected from the group consisting of a biomolecule, a
small molecule, a bioactive agent, a non-biologically active material, an
inorganic material, a mineral, and any combination of the above to the bone

particles.

66.  The composition of claim 62, wherein the surfaces of the bone particles are
derivatized with a silane coupling agent and wherein the silane coupling agent
is derivatized with a moiety selected from the group consisting of a biomolecule,
a small molecule, a bioactive agent, a non-biologically active material, an

inorganic material, a mineral, and any combination of the above.
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5pol y(et hyl ene vinyl acetate), polypropyl ene,

pol ynet hacryl ate, pol yet hyl ene, pol y(ethyl ene oxide),
and m xtures, adducts, and co-pol yners thereof 75. The
conposition of claimb51, wherein the plurality of bone
particles are conpressed together in a predeterm ned
shape. 76. The conposition of claim?75, wherein the
conpressed particles have a void 10vol ume not greater
than 32% 77. The conposition 3 claim 75, further

C rising a nenber. of bi gconpati bl e binder., filler,
§bor  Tha SuhositpB ot cBiBddt 06 BPOEIAr TRYEhE: gqrpyraEd into the
act i vepA@aitized DhoRRIeL CpteurssiMBhd  HAMe@CH @he DhDRBEHAEE polymer
agent, and any conbi nati on of the above. 1578. The .
conpospEeswserdly & memberst cavalenkiniereqiions Moy deridpigeactiops, and
froma . sel m the group consisting of a

bone, gﬁgggﬁw%ﬁ0§§¥§96§%§i sheet, particle, sphere,

strand, coiled strand, capillary network, film fiber,
mésh, Phatappaditok,of clare 62piirereis cokagen fibbrs are exposedodtthe surface
tooth root. strut,. wedge, portion of wedge, cylinder,
thread%@ﬁgg?qﬁﬁﬂﬁék%uuj rod. 20 79.A | oad- beari ng

ost eoi npl ant, conprising: a conposite conprising a
bs@.conpid ¢dmhmshiohofelkinm 68, wienen derdxpoded spllagen fibers areafrayed.

| east a portion of the bone particles are covalently

0O B O, e LAY HOBC e o

| oad- bgaitddng ost eoi npl ant produced by the steps of:
25providing a plurality of bone particles;

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.
73.  The composition of claim 51, wherein the polymerized polymer precursor is a

polymer selected from the group consisting of biodegradable, non-
'; biodegradable, co-polymers of biodegradable polymers, co-polymers of non-
biodegradable polymers, and co-polymers of biodegradable and non-
biodegradable polymers.

74. The composition of claim 73, wherein the polymer is selected from the group
consisting of poly(phosphoesters), polysulfones, polyfumarates,
polyphosphazines, poly(alkylene oxides), poly(arylates), poly(anhydrides),
poly(hydroxy acids), polyesters, poly(ortho esters), polycarbonates,
poly(propylene fumerates), poly(caprolactones), polyamides, polyamino acids,

polyacetals, polylactides, polyglycolides, poly(dioxanones),
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conbi ning the bone particles with a precursor of a

bi oconpati bl e polyner; and 41 polynerizing the

pol ymer precursor to forma conposite of a polyner and
t he bone particles, wherein coval ent bonds are forned
bet ween the polyner and at | east a portion of the bone

"particles. 81. The osteoi nplant of claim80, wherein

pol ymeri zi ng the pol ymer precursor 5conprises one or
nmore of cross-linking the pol4ther precursor,
ent

i ncreasi h |.ecul ar '@Q% e p :

pr ecurpsogqg’dgaoﬁ( blg?reaael’i ngp%lg@a Q%Bairi]%s I ?‘%ﬁ&ﬁ{d’ 1t heP yrrolidone),
pol ynﬁﬁbd@fhdablleyrrerpcny@xamse&qﬂam,t h thieddgeadablpar t i pdlgsethanes,
82. The osteoinplant of claim 80, wherein the polyner ..

pr ecurkbysapciabdsse cupsnpORsed nBRISTRSTS; é’ogf(%&?@rrerpg?%amhne)’
fl owa E}%)}M{éﬁé’ tfreRAT hbAblde BRI hAR eth 1 :
10pol Sér?g}rl( 3. 'I)heﬁ(ggst grgj npl ant ofeé}gl ai m%o?tqﬁmg?eéi e yireas
bef or epdl¥{ethyleng menylpaastate)s oelybrpylshgneelymethacrylate, rodyethylene,

st P ESH AR g ek R P Ba R abd Epiblsherent,

the pol yner precursor. 84. The osteoi nplant of claim
795.0r By, codnpostion tofiecldonél paheico] ds ahealgel dcbaw partipkes are
15t he roup ¢ nsit?]ti.n% of . nondem neral i zed bone o
parti cfomdPresediogethgy in2pgeds “B?PF?P& es, and nixtures

t hereof 85. The osteoi nplant of claim79 or 80,

wWher ei Thé Bempexieonpaf tlialth &S, ahereabtiri cumtpréssedrpartiviesihave a void
of the group consi sﬁli ng of cortical bone, cancellous

bone, YOPRP BBLEEHEIP M bone, and mi xtures thereof.

2086. The osteoi nplant of claim 79 or 80, wherein the

bone papd Léth§sitRneo Uil 15 GurfHed BbRpABRAD & imedibet BE a Yiczumpatible
consi sting of autogenous bone, allogenic bone,

xenogebiailer, Bidlee, flbandplasticizsr.ciosipag/Rigpidal 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,
sphere, strand, coiled strand, capillary network, film, fiber, mesh, plate, disk,
cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge, portion of wedge,

cylinder, threaded cylinder, and rod.

79. A load-bearing osteoimplant, comprising:
a composite comprising a biocompatible polymer and bone particles, wherein:
at least a portion of the bone particles are covalently linked to the polymer, and

the biocompatible polymer is not a silane-modified aromatic polymer.

80. A load-bearing osteoimplant produced by the steps of:
providing a plurality of bone particles;

combining the bone particles with a precursor of a biocompatible polymer; and
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87. The osteoi nplant of claim79 or 80, wherein the
bone particles are about 1% to about 25% by wei ght of
the conposite. 42 88. The osteoi nplant of claim 79 or
80, wherein the bone particles are about 26%to about
50% by wei ght of the conposite. 89. The osteoi npl ant
of claim79 or 80, wherein the bone particles are
about 51%to about 75% by wei ght of the conposite.
590. The osteoi npl ant of clai 79 or 80, wherein the

bone particles are about 76%t ut  999% [ f

Che. compusiRts 5 PoRREY poffioh ) R Lot 008 g and he
wher ei n at yogaphrtialeeuhdéifocotalémdohdnare Porhrield Hedseeartiee polymer
el ongate. 92. The osteopinpl ant of claim79 or 80,

wher ei n surag @klsassp porond the boRe PREickES: are 10modi fi ed.

93. The osteoi nplant of claim92, wherein the surfaces

of1 .t herRopgediRhidnt b 1Anesdlefhitaihi FRgmWidif sheShdlgmer precursor
coupling agent to the bone particles, wherein the )
si | anecorpuists oe eymere ebeross-Halgns theapalymer preeipert Higteasing the

i's incarponated jnt 9 . ' -
of e SPHRGLE SHeh i nd BB YOO AL SRR i
nonof uhe polgmatizal polamed drédumsoc tiithnizd born® partitles.

ost eoi npl ant of claim 92, wherein the surfaces of the

bonpe particles are rivatized. wth noi_et el e

P E7S esstime Bl iim ) 5 o b et ot SE S rom s
Mol ec WhBnorAerD a0 dhbNeR g8 Mlowabld @blyaied] agl @abrialkg tpolyenerized
material, an inorganic material, a mneral, and any

conbi neQlyB#r- of the above to the bone

83.  The osteoimplant of claim 80, wherein, before the polymer precursor is

polymerized, the ate least a portion of the vascular and interstitial structure of

the bone particles are infiltrated with the polymer precursor.

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

particles, and mixtures thereof.

85.  The osteoimplant of claim 79 or 80, wherein the bone particles are obtained
from a member of the group consisting of cortical bone, cancellous bone,

cortico-cancellous bone, and mixtures thereof.

86.  The osteoimplant of claim 79 or 80, wherein the bone particles are obtained
from a member of the group consisting of autogenous bone, allogenic bone,

xenogeneic bone, and mixtures thereof.

87.  The osteoimplant of claim 79 or 80, wherein the bone particles are about 1% to

about 25% by weight of the composite.



10

15

20

25

20particles. 96. The osteoi nplant of claim 92, wherein
the surfaces of the bone particles are derivatized
with a silane coupling agent and wherein the silane

coupling agent is derivatized with a noiety sel ected

fromthe group consisting of a bionolecule, a snal

nol ecul e, a bioactive agent, a non-biologically active
material, an 25inorganic material, a mneral, and any

combi nati on of the above. 434Yhe osteoi npl ant of

claim9s or 96 i.n t.he iety. i nenmher of o
i%@or PO E%wq?ﬁzallﬁo#ﬂépfygﬁ&%ﬁ?%e pggggﬁirageo?bout 26% to
and | i geafl5d% by ReidebyieroRyostemenber of coval ent

i nteractions, non-covalent Interactions, and both of

the abgve. The osteoi nplant of claim92, wherein

1 aghhf Pste9dpRlantf Ao 8, whergmdbs ponedapicles e HoHkS1% to
par ti chiRsi 7508y Wl 4R bk BIp&iitec! ai m 98, wherein the
exposed col |l agén fibers are frayed. The osteoi npl ant

of claim98, wherein the exposed col|agen fibers are

cPdss- Thaesiepimpplent ofeladmi 1sir80: whereis) the perpgrartighesags apout 76% to
t he ex of QL ' . derivatized with a
nnietyagéfg%%gg ir%nfgﬁgQéﬁgg%ééonsisting of a

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

n®h- bi Thogsteaimplans of iclagm it er &l wheaein jat deagiasiozt 60% of the bone
naterial.la m'nfraltb and any conbi nati on of the above.

The osPBBFIRHIESO 8 cl ai m 92, wherein the bone

particles conprise a coating of cal cium phosphate. The
092.e0i Tt asttoimblant af ohain® 79 ror 80, wheremeiurfatdseofplod Yoner partcles are
sel ected frqmthe group consisting of biodegradabl e,
non-bigﬂgﬁ#gdable, co- pol yners of bi odegradabl e

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

agg. CopRé ){)Bfﬁéi&p@fnt bif@uelgl r@ma;?{eeelianme Blﬁthcbs;,\gﬂdg:rladmﬁiaaicles are
pol ynmers. The osteojnplant of claim 103, erein the .
pol yeferietized with 8 filsegorphing @%eah*ﬁ%foh%}eéiar‘w@ﬂsowmem the silane

poly(p B&Sﬁ'ﬂg 884 EShpriRe by a4the PRAR thRQd WcbipBf8ddSsito the polymer.
pol yphosphazi nes, pol y(al kyl ene oxi des),

pol y(aryl ates), poly(anhydrides), poly(hydroxy acids),.
p8ttyesilbe oste p}z{r@ 18 kipimsy3e fvg)e’reub 6llley%“é‘|"5 $KYHPels mono nctional or

poly(phgmﬁaggﬁ)gpnerates), pol y(capr ol act ones),
pol yam des poPyanino aci ds, polyacetals,

pol yl acti des, polyglycolides, pqu(dioxanonea&i )
pby hy Thoexgtsaimmant eof prddisrh92i robeysini the swdacediof (ha bgriepparticles are

ol don%zzx’ivatized 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.

96.  The osteoimplant of claim 92, wherein the surfaces of the bone particles are
derivatized with a silane coupling agent and wherein the silane coupling agent is
derivatized with a moiety selected from the group consisting of a biomolecule, a
small molecule, a bioactive agent, a non-biologically active material, an

inorganic material, a mineral, and any combination of the above.
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bi odegr adabl epol ycyanoacr yl at es, bi odegr adabl epol yureth
anes, polysaccharides, tyrosine-based pol yners,

pol y(pyrrole), poly(aniline), poly(thiophene),

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

pol yureas, poly(ethylene vinyl acetate),

pol ypr opyl ene, pol ynet hacryl ate, pol yet hyl ene,

5pol y(et hyl ene oxi de), and n1&ﬁures adducts and

?37 polﬁ\%he ﬁ§%qti!ﬁq1%{afe{gfogo g eorh t eﬁerﬁ 2pd € ef?fetcyf Lg'a fmen%ber of

t he grifeppsiaies iigb ltlikgp(ﬂflmarlibﬁﬁjblyrﬂerqﬁé‘cﬁlrmﬂ afd liakddab ehe polymer
sheet, plate, disk, cone, pin, particle, sphere
st r andy &BFmber aficoxHent l%tafslmwr wm@m&p&mtwthps fpg gpth of the
mesh, ggl&w, tube, cup, tooth, tooth root, strut,
medge portion of wedge, cylinder, 10t hr eaded
cylinder, and rod. 106. The osteoinplant of claim79
8. 80, Thetnsteeimplant of ekeim 93, whereinsallegen fibersraraemostd at e surface
conposi j.ed. 107. The osteoinplant of claim
106, fﬂ@%b%wgﬁgcgortlon of the surface is a nmenber of
t he group consisting of oxidized, roughened, etched,
2995 oC i Bifeadteninplamst of Slabm Gﬁulvhmcihehe aposrdi catlegenibets age frayed.
smal | nol ecul e, associated with a bioactive agent,

00| ted w.th or [ e S
R mefts S PRl oL B 8 el Rsp o3 b gbel] b cros
ost eoiligkeant of claim 79 or 80, wherein the
osteoinplant conprises a plurality of pieces of

osite fastened t a _predet ermi ned .shape
b0 e BB P ATy D81 AR GRe Bt CpTARR ibers are
pi ecesi@fvaGRARAR 4 fodiesdl@tddenas thogethesnsistih§lofa biomolecule, a
menber of an adhesive, a nechanical fastener,

ul t r aswpdl e ga bipretizimyageBintd mentuplogralih gctifsopaterial, an
110.  ThE; ggtl?ltsc inRfal Calna'aﬂgl Z&nﬂﬁatﬁgr ofthiesRla the

conmposi 't §tape as particles, d wherein the

particles are conpressed in a predetern1ned shape.
102. The osteoimplant of claim 92, wherein the bone particles comprise a coating of

calcium phosphate.

103. The osteoimplant of claim 79 or 80, 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.

104. The osteoimplant of claim 103, wherein the polymer is selected from the group
consisting of  poly(phosphoesters), polysulfones, polyfumarates,

1 polyphosphazines, poly(alkylene oxides), poly(arylates), poly(anhydrides),
poly(hydroxy acids), polyesters, poly(ortho esters), polycarbonates,
poly(propylene fumerates), poly(caprolactones), polyamides, polyamino acids,
polyacetals, polylactides, polyglycolides, poly(dioxanones),
polyhydroxybutyrate, polyhydroxyvalyrate, poly(vinyl pyrrolidone),
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45 The osteoi npl ant of claim 110, further conprising a
nmenber of a bioconpatible binder, filler, fiber,
plasticizer, biostatic/biocidal agent, surface active
agent, bionol ecule, small nol ecul e, bioactive agent,

and any conbi nation of the above before the step of
conpressing. An osteoinplant, conprising: a plurality

of bone particles; and a bi oconpati bl e pol yner,

wherein the bone-pol yner intefface conprises at |east

a portj.on_ of e surfaces of t interstiti and

vascul i&?g%??duaﬁc’reur e B?I%If e Oﬁcéﬁlgg%ar ti glloéé‘%rg(%%% wheP (éllyﬁrethanes’
t P e ﬁOb%ﬁ?@bcﬂaﬁidé@V laﬂyﬁmrie)ba]sédl kedlyhergt paEa@yrralepor polgfniline),
of the bone particles. A conpositjon, conprjsing:. at

| east BAR(thigpspel U aPLYBYIFESH doprhisdegEdatie d p%wwﬁgnes, polyureas,

pol y mﬁol?(eﬁﬁ)‘l’éh% OinSeh&Gied JoiRd1aRNY et}?aci(‘}]léw\,/a?él?ethyl ene,
I bl I I yrer, " an

bi oconpa e pol yner, a prepo , a partia
pol ymepélyethybineosshtand méxyrssyadducts,ohe ceipalymgretherch
pol ymer precursor pol ynerizes, coval ent bonds form

b?bgve il H&#&Bﬁn%‘f élgiﬁ % &“fo, t(\jllglrdr?rnﬂ) ﬁ}?ﬁf\xﬁﬁ% has a shaepi ’selected

pr ecur sor. e conposition o ereint
bone pébiii the group comsistingif laypoheé, rmksectidnooftalenp.ahyeteplate, disk, cone,

precursor. The c osition of claim1l4 erein.the -

i nt er sPI% PAFclen 3Pt s, © ‘?‘?du%{aﬂp’ caBg"%g&BBﬁ(e%lm’ fiber, mesh,
parti ck@elSudt, b@RAIbotRAIdotIAkdaY, stAft] Wedadl @Ortitint & whde, cylinder,
pol ymer precursor. A nmethod of preparing a bone

parti cfecadedpyiider,8Ad *¥onpri si ng coating at | east one

i ndi vi dual bone particle with a first pol yner

PhgEUr §4E og%ﬁ%ﬁnﬁom%% $916r 40, WhereRPANERS a PEB6H 6B EurkeRe of the
polymeri zed, coval ent bonds form between the bone

par t i ckempositetihmogifieg.meri zed precursor. 46 118. The
met hod of claim 117, wherein the polyner precursor is

S§ P%Ct %e fogtggﬂrg)l%m 39 0B{m 136,f \!vﬁ)éé@ig!tﬁff &9819 ALY ?rIei sg}f@ce is a member
pol'ymer, "a prepolyner, and a partialty polynerized ]
bi oconpétthd|geoypoymsisting 16X, oFidezede tdugtienstl, ctchedn dssqciated with a

wherein. coat i conprises,.spray.coating, tunblin e
di ppi ng,lorreﬂ?ecﬁlgq? naﬁscgz qat?cﬁ delihzg Cfr%aél dmo}emrl]lg, assoma{ed Pith a bioactive
agent, associated with an inorganic material, associated with a mineral, and any

combination of the above.

108. The osteoimplant of claim 79 or 80, wherein the osteoimplant comprises a

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

109. The osteoimplant of claim 108, wherein the pieces of composite are fastened
together with a member of an adhesive, a mechanical fastener, ultrasonic

bonding, and any combination of the above.

110.. The osteoimplant of claim 79 or 80, wherein the composite is shaped as

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

111. The osteoimplant of claim 110, wherein the compressed composite particles

have a void volume not greater than 32%
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120. The nethod of claim 117, further conprising
infiltrating at |least a portion of the interstitial
and vascul ar structure of the bone particle with the
pol ymer precursor.

112.

113.

114.

115.

116.

117.

45
The osteoimplant of claim 110, further comprising a member of a biocompatible
binder, filler, fiber, plasticizer, biostatic/biocidal agent, surface active agent,
biomolecule, small molecule, bioactive agent, and any combination of the above

before the step of compressing.

An osteoimplant, comprising:

a plurality of bone particles; and

a biocompatible polymer, wherein the bone-polymer interface comprises at least
a portion of the surfaces of the interstitial and vascular structure of the
bone particles, and wherein the polymer ié covalently linked to at least a

portion of the bone particles.

A composition, comprising:

at least one individual bone particle coated with a polymer precursor selected
from a monomer, a flowable biocompatible polymer, a prepolymer, and
a partially polymerized biocompatible polymer, wherein, when the
polymer precursor polymerizes, covalent bonds form between the bone

particle and the polymerized precursor.

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

the polymer precursor.

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

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

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

particle and the polymerized precursor.
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119.

120.

46
The method of claim 117, wherein the polymer precursor is selected from a
monomer, a flowable biocompatible polymer, a prepolymer, and a partially

polymerized biocompatible polymer

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

dipping, or using a fluidized bed.

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

precursor.



