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the ability to induce a cellular healing response.

The use of bone grafts and bone substitute materials in orthopedic medicine
is well known. While bone wounds can regenerate without the formation of scar
tissue, fractures and other orthopedic injuries take a long time to heal, during which
the bone is unable to support physiologic loading. Metal pins, screws, and meshes
are frequently required to replace the mechanical functions of injured bone.
However, metal is significantly stiffer than bone. Use of metal implants may result
in 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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A surface of the bone particles may be modified. For example, a silane
coupling agent may be attached to the bone particles. The silane coupling agent
includes an active group that is incorporated into the polymerized monomer. The
active group may be monofunctional or multifunctional. In an alternative
embodiment, a biomolecule, a small molecule, a bioactive agent, a non-biologically

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

Definitions

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

receptors, neurotransmitters, hormones, cytokines, cell response modifiers such as
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thiocytidine), chemically modified bases, biologically modified bases (e.g.,
methylated bases), intercalated bases, modified sugars (e.g., 2'-fluororibose, ribose,
2’-deoxyribose, arabinose, and hexose), or modified phosphate groups (e.g.,
phosphorothioates and 5°-N-phosphoramidite linkages).
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“Polypeptide”, “peptide”, or “protein”: According to the present invention,
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a “polypeptide,” “peptide,” or “protein” comprises a string of at least three amino
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refer to molecules, whether naturally-occurring or artificially created (e.g., via
chemical synthesis) that have a relatively low molecular weight. Typically, small
molecules are monomeric and have a molecular weight of less than about 1500
g/mol. Preferred small molecules are biclogically active in that they produce a local
or systemic effect in animals, preferably mammals, more preferably humans. In
certain preferred embodiments, the small molecule is a drug. Preferably, though not

necessarily, the drug is one that has already been deemed safe and effective for use
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I magi ng agents. In a certain preferred enbodi nents,
the bioactive agent is a drug. A nore conplete listing
of bioactive agents and specific drugs suitable for
use in the present invention may be found in

"Phar maceuti cal Substances: Sypntheses, Patents,
Applications” by Axel Kl eemann and Jurgen Engel,
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tissue, the expected load magnitude and direction, and the desired interactions with

the surrounding tissue.

Preparation of bone

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

origin. Preferably, the bone particles are obtained from cortical bone of allogenic

origin. Porcine and bovine bone are particularly advantageous types of xenogeneic




the bone particles should be optimzed according to
several factors, including but not Ilimted to the

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

adjust the size of the bone particles and the size distribution. The mechanical

strength, elastic modulus, and anisotropy of the implant can be tailored by adjusting




particles generally characterized as el ongate and
possessing relatively high nedian Ilength to nedian

t hi ckness ratios can be utilized herein. Such el ongate
particles can be readily obtained by any one of
several nethods, e.g., by n1lllﬂg or shaving the
surface of an entire bone or atively |l arge section

ofihdRBGAt ;%?pérmsrﬂﬁ variBhd dHa| E& (eloRghiB] M@luﬁ&e e&Ybf bone

obtain a nmass of elongate bone particles contai ning,
f q»art@karrmlhecd inethe bemapesitebAny velghhpergent botwesarit angf100%, e.g,

¢ eBtas ol HopbBshlh SBeB STo% Rt T3 e mpy Bhsea””
t hi cknegmiedr p Ed&ﬂt@mbtmﬁu%%m@a@%b parti¥es, ﬁeﬂrﬂcuﬂaﬂy useful

medi an wi dt h of from about mmto about 20 mm Such

elferryjenss obbore plam togbedt 10mpds dength, as ﬂmdwaﬁpm@p@m mgl

o) 05T bR e TR bR o

WiveHidh are atdogpadhtedl herdirebpteferdttel Usd of ialstone 2010: r&sult'fhﬁfthe
mlling process may be optim zed to adjust the_ size

oﬁJfQ%g%ﬁ%loﬁﬁsr@ncﬁtléBs whigh grickly czlél langthwiss e peyidettybular-like

o POPE BBl 1EHESR! Clonhdehafib 4o BRUCE O U0 sizes
Web epdiucper tﬂﬁmhatefany s degitablessiziis) M§MEI@ ngatlemay be present. In
particlulate, etc.) of bone partlcles tlllﬁeﬂmlnthe

c SxpraliapRearayes, @A@lﬂgjm boneaginicssan ke dgscribsd as Tilsmgntss figers,
abdidsl slgécf/ oﬁgmwgﬁlﬁ%{ about 51-75% or about

75-99% e used ot procedure for obtaining

el ong atTéle ﬂnonepqlmr:les atesptiopait dermjhataliyedjaelbcnrdaﬁwmith known

PR B o et A0 e R o ot bonen
a%rﬁﬂ@r@hi&tl%n ni@hodstemove B8 (nctBhic Hﬂﬁerﬂ%h{p%neﬂmf%w by

of which are incorporated herein by reference. Use of
t nmldsmgaam bolutiersuBuch methpéeare predldmowingn thf art, segyfor example,

Pl o i A Vool B2 ‘oot RO R PR BE VR are

b@{b@qﬂﬂﬁt&d ﬁén@& BeRiAend! TREStrdnBitofdhé h&d SHlutish,ZRS shape of the
reduce or elimnate any | ess desirable si ze(s) of

pbﬁm partelespndthe ﬁg;atllgg oﬁtk@g@mmerphzatlgn éreatment will determine the
asgt?ﬁ{ g}ln&!’:lﬁﬂib gah! eRgfg cg A Of.{ﬁ s%%ga?d %ﬁ? b%%qgﬁstg rLeRJ%gdrowskl

ers, narro
Str 4N, BRinted. Mzﬁerbﬂéue mﬁtmlws 3ap etheabmteﬁtabrwhmh are also
dem neralized in accordance w th knovvn and
céﬂ?@ﬁ?ﬂfﬁté‘iﬁhﬂeﬁ’r%@&i?% in order to reduce their

i norga ral. . -
ool § RS Aenifeiatdion FEALL bR} bR P sibjected to
ek faptinpgdismtatiag ktep, follswedbg hn aeEit eshsneaxlizavieh ktepndpreferred
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solvent for lipids, and water is a good hydrophilic carrier that enables the solution to
penetrate more deeply into the bone particles. Ordinarily, at least about 10 to about
40 percent by weight of water (i.e., about 60 to about 90 weight percent of defatting
agent such as alcohol) should be present in the defatting/disinfecting solution to
produce optimal lipid removal and disinfection within the shortest period of time.

The preferred concentration range of the defatting solution is from about 60 to about



Reddi, et al., Proc. Nat. Acad. Sci., 1972,

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

solution, the shape of the bone particles and the
duration of the dem neralizati gi treatment wll

determ ne the extent of dem neralization. Reference
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provides a connection through which loads may be transferred.



applied to the bone particles refers to bone particles
possessing fromabout 8 to about 90 wei ght percent of
their original inorganic mneral content, and the
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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. Dependinhg 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.




facilitate incorporation into polyners that do not
bond well to bone, such as polylactides. Surface
nodi fication provides a chem cal substance that is
strongly bonded to the surface of the bone,
preferably covalently. In one ggbodlnent si | ane
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| i ti atilon IRIBELTent, Wd BRive WdhPHGE af bndl %o%@%onr)ﬁfér of the

sil ane has at ?east "t Wo sec#&ons a se hr ee
| el roatcisp Foaadingle, amnnwwtgfc @cplpsmhl badngoygorgied dpo

SRSttt S bk S0 Ind T b ghaE A Le8 Bescllon

C QP dntSs B Hact Witl aﬁﬁﬂeﬂﬁivaﬁ XOARé EM'yﬂfe@ ﬂt(é SRt bantainl aat amine.
avai | abl e from Uni on Car bi de. e three nethoxy

gritydrexateemirated selawsn@llld:edug@porawd mmaolmmge—@lgﬁ,ac’éyesters

S%BV e? ﬁﬁ}eré ag%g i i llrhc W eg});g &W?At%d Hdflo lgl s ﬁét?r)‘m?%c active

?Nﬁ Q)r%ﬁ%ogrbﬁ SRt ety b%@uﬂllwhc@poﬁ&ﬂhﬂmmmyl polymers
et endi on the solvent used to_l.ink th

c @y@q‘chcg P& s th@t gew itradical pRlgnEREAHOBY Tt4p kY neg‘p%;a;ﬁy that the
S ucheaErogﬁ té)h %on%?lhn%rn M{ hgﬂ%e@ﬁ{e ?rﬁ?% tégl‘en@ra{ﬂ%QMﬁ%gtwe groups that

['en Fm nes

l MHré ﬂﬁf@/m@érpbfaeedmmmymaa vbaestwppaiymbazatmlbprfeﬁmnmmaﬂ XA
and the bone particle. ty provi di ng a spacernbetwe ;
t Helapphay mgHgYe FBings, SVen Hioge il W@ngq%alalm% Frall Pat fgpinate a

aI t r at
e e A e e

t heltanitivety, gicoagnvengraap macksisianthed to ptavidetBograative groups in

duri ng polynerlzatlon 13 In one enbodi ment, the

adps DBMGPRAFH- an anal og of the nonomer of t he

poly mrAﬁ‘@iJﬂlﬁ‘laryﬁﬂ"E oENBARY Biat RBY BE uRQWIIE R A¥dRSioWd listed in
be incorporated’into polyam des, polyurethanes,

pol'apdmt biketes re availatie from puhnantss sutlhasdrion sehide AP

f th
aqusorses berissp i Skt SR ofy e el e
WI dolted@ﬁny R6RILRApaEbIE Mdlet ?qh Y Hckife gﬁiugsl,t sRAU1Y BS Usydsto tether
and other polynmer classes that inclu ydr oxyl at ed

nony neorspatistcoennpasing ¢o thﬁéaong patigls tmngaa;lteaq,t@ngpdﬂggh the non-

w tlnggjﬁga LDEHB‘“&?W& :fﬁepls?vﬂ% :gtgo%ﬂ] 01{1%? 39 d%sF}Iaglaegb g%{ich the

poalwﬁﬁ]samld ®apouhd tStheAllanastse anycmif@thetsnale @¢hé bene
group be nonofunctional. |ndeed,, it %ﬂbe preferable

m‘tlfd@atrﬁg@dlgpmfpghqthgtthe silane spigeompat SRt odine derivatized
PO AR R agg,grdﬁ,ge%mmm@g Ll iRCorblaltdChf Rl nio h fhe polymer

Wo' ant nes, eve I's a secon
andnd@eactéd With die Botle Paniles, a)atmg the bone particles with a rmxture 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.




pol ymer chain but can react with ends of two different
pol yner chains. Alternatively, the active group may
be branched to provide two reactive groups in the
primary position. An exenplary list of silanes that
may be used with the invention., listed in Table 1.
Sil anes are avail able from conpani es such as Uni on

izr o1 de, N/Ajeta- ﬁﬂé;ﬂ:ﬁﬁ dathmd-2@Hépro &th%rl'ﬂﬁﬁ&ﬁbxysﬂﬁﬂ’e

Where t ahé ctontains a poteniiall

on- bi oc onNalteteb(mnlrmeﬁtyjr) mnm&emmrwl‘gmboxysﬂane

O

he bone parti cl&m¥3- ‘&lﬁoﬁr@B@me&")H‘ﬁﬁt o A% he non-

(

houl-d—be—usedto—tet bUIIpUuIIu to

~—+

rocompati bl e moi eg ks A T hSF e T May be
esirable to attac [h b| 0 I%?%atl bl eﬁcormound to the

il ane before attgmhmgAmhmmpyknmd@mhMone

|_aTrf|r‘|o rnnnrr*llocc of

CTTS(I)(‘)

i oconpat i bl e or KRG n?ﬂéo’éﬂﬁ Vb’é?ﬂyl)éﬂrasgf\dﬁnes may be

xed Wt sfianes :Ingrﬂh @%}ogl%mﬁﬁ&q%ﬁw arrectly

nto the pol ymer reacte bone_particles

oating the bone gamtiacCidsropradyltaimethdxysitanef
bi gactive" silanes and-"mporer"silanres—t-S—Pa

= 0O -

r+
b
-

/399, 693 di scl og¥BmatepidermEePrimsthamailensui f i ed

o iﬁé?!“% Do KR DOpr R SRk | 7T

il anizi ng t he B aMétha@yBSyprd\ﬂylmmethoxysﬂane

—7(n-n'r (@)}

ane - lethyltriacetoxysilane MTAS)

Foeta- (A moethyt)g fH/:l} hféllgﬂog( i @fong&t hoxXysiTaine
el hox

amra- Am nopr opy!l net’hy

anma-Am nopr nn\/l trinet hnY\IQI Lane

g
ganmma- Ani nopr Op)l\lléthyl&hbl-@bﬁ)tsndrﬁmﬁlme) Silane (MOS)
Bis(3-triet hoxysi | yIMP@H&O)‘tT@F?mﬁF(M@S)

S o oo £ FRRE gy i) St 09

© ©

amma- G yci doxy pl"l%%ﬂ Hsl(Hﬁthﬁkﬁiéycﬁdlﬂnaﬁ&lane (POS)

amma- Mer capt opro tri net hm(\/m Lane

anma- Met hacryl oxyper@ﬂYﬂ ﬂxmétnﬁo%ﬁﬁﬁ (RO

FAPARRRAE P i A A A S P S
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Tetraethoxysilane (TEOS)

Tetra (methyl ethyl ketoximo) Silane (TOS)

Tetramethoxysilane (TMOS)

Vinyltriethoxysilane

Vinyltrimethoxysilane

Vinyl tris-(butanone oxime) Silane (VOS)

Vinyl Oximino Silane (VOS)

Vinyl tris-(methyl ethyl ketoximo) Silane (VOS)

Table 1

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

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

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

Compounds may also be immobilized on the bone that are designed to elicit a

particular metabolic response or to attract cells to the implant site.
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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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TRl crosslink collagen at physiologic or slightly acidic pH (e.g., in pH 5.4 MES
buffer). Acyl azides and genipin, a naturally occuring bicyclic compound including
both carboxylate and hydroxyl groups, may also be used to cross-link collagen
chains (see Simmons, et g/, “Evaluation of collagen cross-linking techniques for the
stabilization of tissue matrices,” Biotechnol. Appl. Biochem., 1993, 17:23-29; PCT
Publication WQ98/19718, the contents of both of which are incorporated herein by
reference). Alternatively, hydroxymethyl phosphine groups on collagen may be

reacted with the primary and secondary amines on neighboring chains (see U.S.
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Preferably, surface treatments of the bone particles are optimized to enhance
covalent attractions between the bone particles and the polymer matrix of the

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

enhance non-covalent interactions between the bone particle and the polymer matrix.
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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 macrostructura} considerations concern the arrangement of the bone particles

within the polymer.
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i rioae s Presteatip ofithsrmisrasinetiral ghpnnels of the bone particles will
maximize the surface area of the interface between the particles and the polymer

matrix and prevent solvents and air bubbles from being trapped in the composite,
e.g., between trabeculae. Vacuum infiltration, where appropriate, will also help
remove air bubbles from the composite.

In another embodiment, infiltration may be achieved using solvent
infiltration. Vacuum infiltration may be inappropriate for highly volatile monomers.
Solvents employed for infiltration should carefully selected, as many of the most
common solvents used for infiltration are toxic. Highly volatile solvents such as

acetone will evaporate during infiltration, reducing the risk that they will be
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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,



by m xing the bone particles with solutions of the
solvent with the polynmer precursor, starting with
very dilute solutions and proceeding to nore
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rolled, 22 extruded, tw sted, or otherw se

et excial nlcea Fog aermplay lexgenpierssafypone pmay be staghkedsen top of one
another in a preform and monomer allowed to flow around the bone pieces,
following which the monomer is polymerized. This allows structural implants of a
desired shape to be produced from irregularly shaped pieces of bone. Bone has very
high compressive strength; however, as for bricks, the forces exerted at the
polymer-filled boundaries between bone pieces will have a shear component as well
as a tensile or compressive component. As a result, the compressive strength of the
composite will not only be determined by the compressive strength of the bone but

by the shear strength of the composite. This shear strength is increased by the
covalent attachment of the polymer to the bone particles, which will limit the




particles may be deposited into the nononer as they
are produced. For exanple, grated or mlled bone
particles tend to exit the apparatus roughly aligned
with one another. Instead of being collected, the
particles may be delivered directly fromthe mll to
t he nmononer, onto which they widd fall in roughly the

S afiBvéHidr BF BHel pRYym Pt lins. H‘ﬁloﬂ Siative Qﬁ?}égﬂlgentt e F%gac?% of the

pl ane grater. Producing ran y orie artre
ndioac garticles are denvipetalinecbad the Expdsed)caliugah bfadji@atbas particles

| [ . al.i .. Bubpl i [ t | i ght
crstEmBan HE8xg By eatitniaus PP SEondy PUEEd LES.yPalent No
r B EBT 3¢ ehtit@ddtetnplan® indPl et 18R Mah&Sctufid n'tﬁ@@él?@ contents

may al so be effective to randonize orientatld
nA Yeich #7e drgorpesated barsin hyoteferetasngat ed particl es and

| ¢ e
GVt ndbd sRI1RRES crBRfiert, B dhinosiif S ahgbt2s-Sapolymer by
meteight. Deberdifg ot ﬂﬂihﬁplﬁﬁ@i@e@%do?ﬁﬁé &1 88 bohd'Barticles, altzlg rthe

nmech ni,gél response will generally be isotropic.
el5gaRIER] apd degradation prpperiies afdhe whtrbh it pay be desirsblerto use a

tlggg}{gp j : ' conposi.t e depend. on

t he or?ﬂ%tw i ?Jg@gﬁg ?‘L&é{ (g‘}ro?fn&%rgg e R OB fld in the art
matifirscoghize that ehepalirie Frasticar of the pelpimRe wilkBgRAH Yon thd'8shsity of
tgieir ef fect on the nechanical properties of the

pSFSRAY ™t ri x do not depend on the |oading node. If

the particles are aligned, or nearly so, then their

CPohidpiblioof Re Mg FeChani cal properties of the
conposite dépend on both the | oading node and the

di r ect iAdier tife Hona gartictes arqeositinedeite dkqstlprat preéuteord@enatrix
par.t I,nthe conposite, rather than reinforcing
PR ol s Pl Fr P IR A D it o e ity b Sindihed PR BIAFged or
mevoks-Knked. dSuriddepol ARk '

ipol PRErJafbR e PR gregé;rgltslggég@gg% covalently

I%gtger pi eces of bone may be _
altdhe bpng particles. off dhewalpierizing preacumbt dossaiot bintlltovalcium

BBt OGBS CMER iR pong peeleihal Hemrfack wckird hetore being
desnbige &itapiee menhBed hoMuscaBLd d0p0ei rregul arly shaped

pi eces of bone. Bone has very high conpressive
st r engf*RY Pissampatible aelymsr mswibekised taferth sonpesitesartading to

: -fi ries be n e, pi eces,.
A Rk o P e R
cripnessire/enavaninahe fitld ddpolynie@feHibmatefigls COMROGASE AN release
strength of the conposite will not only be determned
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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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The polymers of the composite may form by step or chain polymerization.
One skilled in the art will recognize that the rate of polymerization should be
controlled so that any change in volume upon polymerization does not impact
mechanical stresses on the included bone particles. The amount and kind of radical
initiator, e.g., photo-active initiator (e.g., UV or infrared), thermally-active initiator,
or chemical initiator, or the amount of heat or light employed, may be used to
control the rate of reaction or modify the molecular weight. Where desired, a

catalyst may be used to increase the rate of reaction or modify the molecular weight.

For example, a strong acid may be used as a catalyst for step polymerization.
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cervical vertebra, thoracic vertebra, lumbar vertebra, sacrum, rib, sternum, clavicle,

scapula, humerus, radius, ulna, carpal bones, metacarpal bones, phalanges, ilium,
ischium, pubis, femur, tibia, fibula, patella, calcaneus, tarsal and metatarsal bones.
In one embodiment, the composite is molded as a plate or similar support,
including but not limited to an I-shape to be placed between teeth for intra-bony
defects, a crescent apron for single site use, a rectangular bib for defects including
both the buccal and lingual alveolar ridges, neutralization plates, spoon plates,

condylar plates, clover leaf plates, compression plates, bridge plates, wave plates,
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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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joints such as tongue-and-groove, dovetail, or mortise-and-tenon may be employed

as the machined pieces are assembled.

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

cement), gelatin-resorcinol-formaldehyde glues, collagen-based glues, inorganic




etched, chem cally etched, or nmechanically pitted, for
exanpl e, by sand bl asting. For exanple, conposites
havi ng the shape of the desired inplant may be
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coFpaasR $n apyefbed 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




attached to one anot her using nechani cal fasteners
such as dowels, pins, and screws, all of which may be
fabricated fromthe conposite of the invention.

Traditional joints such as tongue-and-groove,
dovetail, or nortise-and-tenon 2&lay be enpl oyed as the
machi ned pi eces are assenbl ed. ternatively or in
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Bone, " above. The shaved, ground, or mlled conposite
particles may be conbined in a nold having a desired
shape or configuration, including any of the shapes
descri bed above, and pressed to forma 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 enbaoi ment, the conposite
particles incorporated into the pressed shape have
the size and shape described in the 187 patent. The
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bef or enigowes thefeofal t er nati vel y, a machi ned pol yner may
be heated briefly to reduce surface stresses caused by

shear \idmhdiod BCMif 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.



O her enbodi nents of the invention wll be apparent to
those skilled in the art froma consideration of the
specification or practice of the invention disclosed
herein. It is intended that the specification and
exanpl es be considered as exenplary only, wth the
true scope and spirit of the invention being indicated
by the following clains. 30 3hat is clained is: 1. A
met hod of produci ng a bone-pol yner conposite,

conpr | Iy hb 0
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pr ecunssghtef tle dinposinpat i bl e  pol yner; and
polynerizing the synthetic polynmer precursor to
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precurvs@ghﬂ@tm%n@,oﬁw yam ¢ acid. 2. The nethod of
clarnrl mherern pol yneri zi ng the pol yner precursor

conpri nor e _of croz?s l'inkin

plecur ,me ﬂ?ﬂ:‘i’fé’é‘gmn]g whegein the bone Wl%:?ﬁﬁ@g t%lt/(htg about 75% by
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particles. 3. The nethod of claim1, wherej
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pr epol f polynmer, and a partially
polyn€¥ tgfggf%ﬁﬁﬁghﬁ The nethod of claim1, further

conprising infiltrating the polyner precursor into

tRe vadeuhethodwlttlaimt lo mdieicin atlleast about 60% of e bone pintinkss are
parti *» 5. The nethod of claim1l, wherein the bone
partic W2 o sel ected fromthe group consisting of
nondenrneralrzed bone particles, dem neralized bone

piar t i Cltesmethedof oidikt Iy feshet b@npdding Modifying astifad ofthe bone
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a nentBria the group consisting of cortical bone,
cancel | ous bone, cortico-cancellous bone, and
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group C@gpﬂg}ggqgen@o dhe lmpp@gréw@g,swlwﬂg theas]qa@@ eping agrat comprises
xenogenel. ﬁv@é’r@ﬁp 2P 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 biomelecule, a small
molecule, a bioactive agent, a non-biologically active material, an inorganic

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

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

to the silane coupling agent.



m xtures thereof. 31 8. The nethod of claiml,
wherein the bone particles are about 1% to about 25%
by weight of the conposite. 9. The nethod of claim1,
wherein the bone particles are about 26%to about 50%
by weight of the conposite. 10. The nethod of claim
1, wherein the bone particles are about 51 %to about
75% by weight of the conposit® 11. The met hod of
claim1, wherein the bone particles are about 76%to
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part i dieongatgbledavingaireup. 13. The net hod of claim 1,
further conprising nodifying a surface of the bone

ticlkes. 14 The h of clajm13. wherein .
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@2 t i cThegnethat of Memd, Rothenfonaprising cr@ss-lkargaghe exposed collagen
nodi fyfi ng a surface conprises attaching a silane
coupl i wg%agent to the bone particles and attaching a
noi ety selected fromthe group consisting of a
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claim 17, wherein the silane coupling agent includes a
non- material, a mineral, and any combination of the above.

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

particles in phosphoric acid.

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

26.  The method of claim 1, wherein the monomer or prepolymer forms a polymer
selected from the group consisting of poly(phosphoesters), polysulfones,
polyfumarates, polyphosphazines, poly(alkylene oxides), poly{arylates),
poly(anhydrides), poly(hydroxy acids), polyesters, poly(ortho esters),
polycarbonates, poly(propylene fumerates), poly(caprolactones), polyamides,
polyamino acids, polyacetals, polylactides, polyglycolides, poly(dioxanones),
polyhydroxybutyrate, polyhydroxyvalyrate, poly(vinyl pyrrolidone), biodegradable




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

16 or 17, wherein the noiety is incorporated into the

pol ynmeri zed pol yner precursor or |inked to the

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

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

13, wherein nodifying the surface conprises exposing

col agen fibers at the surfaceypf the bone particles.

21. The nmethod of claim 20, further conprising fraying
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The method of claim 1, further comprising putting the polymer precursor-particle

mixture in an implant site before polymerization.

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

after polymerization.

The method of claim 32, wherein the step of modifying a surface comprises a
member of the group consisting of oxidizing at least a portion of the surface,
roughening at least a portion of the surface, etching at least a portion of the surface,

retaining a biomolecule on the surface, retaining a small molecule on the surface,




pol ypropyl ene, pol ynet hacryl ate, polyethyl ene,

pol y(et hyl ene oxide), and m xtures, adducts, and
co-pol yners thereof. 27. The nethod of claim1l,
further conprising placing the bone particle/polymer
precursor mxture in a nold before polynerization. 28.
The nmethod of claiml, further conprising: partially
pol ymeri zi ng the pol ymer precusgor; charging a nold
with the partially polynerized material; and
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surface, etching _at, | east a paortion of the surface,
r et ai MGHEPeR Obbieaive adnerhanigyl fagienen vitraspric JPRdiAg aid any

swallngbgﬁﬂgﬁopmeggﬁwsurface, 34 retaining a

bi oactive agent on the surface, retaining an inorganic
material on the surface, retaining a mneral on the

S8r f adde matpdeafielasanth fyither enmprisingaachiyg e theompysite into particles
th i m b e
corposPipdifttiation wil LHifrpRRERA el RAh ph Bt ifplant

pol yneri zati on. 35. The nethod of claim 34, wherein
t39e s hpendtodse]ckaimed, whemintthe cgmmpsiie pantisies tervgmpfiessed with a

force greater than about 1000 psi.

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

force between about 2500 and about 60,000 psi.

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.




a bone, a section of a bone, sheet, particle, sphere,
strand, coiled strand, capillary network, film

fi ber, mesh, plate, disk, cone, pin, screw, tube, cup
tooth, tooth root, strut, wedge, portion of wedge,
cylinder, threaded cylinder, and rod. 36.. The nethod

of claim34, further conprising fastening a plurality

of machined pieces of conposi4s together. 37. The

met hod of claim 36, wherein the machi ned pi eces are
fastened toge LW ne, j :
BEhan e 4pPEL ATt 36 pRere IR Sl sBEHe Yinicfs have a shape
conbi nsalet@d fioh thb grapavesistihg.of Abendmatsbaibnaff adoae,shdst, plate,

further conprisin chinin he conposite iLnt )
parti FREiEle, P S%E)T!Eﬁ%lﬂfidzsgfgp%ﬁa@ arygﬁﬂ%qrgsélm, ibey, gesh, disk,

parti - WThBB, Q! 6 at, WGz TBoMIBH oPvedge,
cl ai mqggé p?/\lhegfrngi n ot E’e&?bﬁggﬁog{%g% ?[?lcl:tf es@ga{c?g orecee

conpr eyiederyshtdaded cylindercangtrodt er t han about 1000 psi .
40. The nethod of claim 38, wherein the conposite

Pafti | i iNE NES into particl
300 ot SETREOH TR doip RRORREROIAR o particles
wher eiand whee-lgydnmthe patidles anfoasiah @stpaintplaites have a voi d

vol une not greater than 32% 42. The nethod of claim

38, further,c ri.Si onbi ni ng the .conposite .

& 1 chiadnegd SPuiRph iR Pobidhs Fig i RRR: b orton of the
bi ocorgaatpokitettoai tadlpératufd dthwdich the pelymepliant.i ci zer,

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

iy e e SR S or UG RRT 400y mete
The melhndsitf inf & ifphit sivd Kisie Qll&@ﬁlgct‘ﬂé%&ﬁp‘b%ﬁéito cool.

conposite particles have a shape selected fromthe
group consisting of a bone, a section of a bone

Heet , Theiraetbod ofasim & frthes poraprsing eqrapigssingdhe plyrality of bone
stran i : £ | L& hiSWith the pol
cone gr AL ERASHbLd Do LR o St e potyme
wedge,preamrdoron of wedge, cylinder, threaded cylinder,

and rod. 44. The method of claim 1, further conprising

chining the, c osjdte.into,particle and t -1 aying.
TR "ot SOTREH Smeir R Bibb e ol PapliSes b a}ia
of cl aiolnde ndtWidb@thaa@M4.i si ng heating at |east a
portion of the <conposite to a tenperature at which

t he polynmer f|ows. o . :
49. P Th¥3 method of\’l\ﬁaim 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



46. The nethod of claim45, further conprising

inplanting the at |east partially nelted conposite

into an inplant site before allowi ng the conposite to

cool. 47. The method of claim 1, further conprising
conpressing the plurality of bone particles together

in a predeterm ned shape after conbining themwth the

pol ymer precursor. 48. The netgod of claim47

wherei n the conpressed bone particles have a void

vol ume not greater than 32% 49. The nethod of c|aim

47,  f irDRtelic polymespregirees elepied fomamppactpa propelyeysrt, a flowable

Wth a nefsbnhife pelyhieh dndd9attall PipsGaRatd BloBompatible

bi nder, filler, flber pl asticizer,
bi ost at i ¢/ FoBEIavh %@@nt surface active agent,

bi onDI{RE drBposhivAlié aﬁfaﬁ GHH @onstidtte@ Slhdh\Bat 2@ REH the adha@it)bolymer

conmbi nation of the above. b fo e corrpres
met hod of QWA P %%tjéﬁg harcics are

particles %Vﬂmﬁl)ﬁdﬁﬁﬂ&:d t6 ﬂie%ﬁﬂﬁﬂerfzﬁ@@ﬂthalcgfomr precursor, at least
consisting of a of ~a bone e ) .
plate, parRozion O#;E%@?%Stﬁg‘i ?rﬁﬂ solay; S%@%qﬁgﬁ%]?dne particles is
capi | | ary ngfilvared byfid polyrhérieed ,polj;ﬁﬁh predilﬁkl; or bmhmnd the number
pin, screw, .tub ot h, Q

wedge, por 89"%‘?“&%‘8“6@3&%%“? ‘Ef’ es of e ﬂ} e%’atz‘an qlymgiprecursor are
and rod. 51ncréasemrrp03| tion, conpri si ng: a plurality of

bone a%%%\f re%? the%xrgthg@c p é(rq)trg gl]Ho? 1s%lt ¥ ES? yaﬂﬁcg%:c% sor

sel ecte rom a noner:, preep
bi oconpati bl e pol yner, and a partial I y pol yneri zed

Hi20c ofhetcobipesitippbietaim 5lwbhemsimat leasta peripn of thedane particles are
adapt%ﬁvﬁ&ﬁ?ﬂ%ﬁéﬁ&&&k %@thﬁkﬂgs when the synthetic

pol ymer cursor 1s'p r|ze at | east a portion
of the bone particles are coval ently attached to the

pot y meFhesempesiremet slainpa), yereipstdeast 3 pertionef fhsduterstifial and

porti GRs@fiartshecttohsd BJnle ?hrtﬁl’ég aARGHafdd vaitH We HulyeneP brecursor.
t he bone particles is iltrated by the polynerized

precur.sor, bot and  t
B e nBRIS oot ﬁbw@e{ﬂlfe@egﬁﬂ? GG f aplpsied from the
pol y megroupr c&mlshsﬁﬁg ofafoderhinefatiasittbne padiclekatesiinertlived bone particles,
synt het ¢ .ol éé'{ﬁ‘ereﬁ‘r ecursor is not a polyamc acid.

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.



52. The conposition of claimb51, wherein at |east a
portion of the bone particles are covalently |inked
to the polyner precursor. 53. The conposition of claim
51, wherein at least a portion of the interstitial and
vascul ar structure of the bone particles are
infiltrated wiwth the pol yner precursor. 54. The
conmposition of claimb51, whereilh the bone particles
are selected fromthe group consisting of
%@ndefﬁ;ﬁa%ﬂtp 666 BOASNPSY, WrEteRPthe 851 ARIiAL] £€Ab8R1%% to about
particle m xt ur es 't her eof .~ The conposition
of cl aiSkd bl weigheefghecehyposbene partl cI es are obt ai ned
froma nenber of the group consisting of cortica

b , cancel |l ous b [ n

TR0 B85 bl B0 S i 0 EBRAH RS BBy 9% o sou
wherel%%bﬁwb@hﬁoﬂtﬁébmﬁ;b@aeare obt ai ned froma menber

of the group consisting of autogenous bone, all ogenic

bone, eno enei.c ntxt 57. The..
ot eicarPgRitien gf Hpishs1 et i Eab&aﬁéﬁ"%ﬁ fhejong particles are

are a Atk% t O about 25% by wei ght of the conposite.

58. The conposition of claimb51, wherein the bone

articles are about 26%to _about _50% ht
pocHieconpsiiomol oHien Slo SRR FBFOeTOldbeedpAiticlos are odified.
wherein the bone particles are about 51%to about 75%

by, wei ’ﬂﬁtco\i;i\%ohﬂgn Spﬂpiﬁ%i Svheffh m@@%f&&%%b%bﬁ@%ﬁﬁcles are
clai m51 erein the bone particles are about 76%to

about degg%zbgl W] agmlan@comheg ggmptpsth@ bonegarticlgse wherein the silane
t f cl X1
c grerp 82 :ﬁ)g.}ljlg%, E{%e%ﬁccéygﬁpglﬁg aneeiég% glltoﬂ ﬁ%& Sqﬁtgotl'p&gt%& tllgclg f o&)flymenzed

of cl glolyrhek prowfaésoei N surfaces of the bone partlcles
are nodified. 63. The corrposi tion of claim®62,

GoF | vahesaoap i f Qp L YRS PRGCACAPOR s e sHgnel o

par ti GhegfunMigiagi n the silane coupling agent
conprises an active group that is i ncorporat ed into

the polynerized poly pr.ecur sor.

Brposthie compgsitien af ?\11'1193 2, \Wrherean Hletsh’é"acéé Pf ';bé bgpeptiples are
monof YRel k@R kif 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.

67.  The composition of claim 65 or 66, wherein the moiety is incorporated into the
polymerized polymer precursor and linked to the polymerized polymer precursor

by a member of covalent interactions, non-covalent interactions, and any

combination of the above.




mul tifunctional. 65. The conposition of claim62,
wherein the surfaces of the bone particles are
derivatized with a noiety selected fromthe group
consi sting of a bionolecule, a small nolecule, a
bi oacti ve agent, a non-biologically active material,
an inorganic material, a mneral, and any conbi nati on
of the above to the bone partigg es. 66. The
conmposition of claim62, wherein the surfaces of the
ne rticl .ar r [ I
Ea@'en t pl}ﬁ &o%qgﬁtel?% gﬁ l%g‘lé \%éeré%%aﬂ%éeg f%eiss alr?&ﬁ)o%&"ﬁ b \urface of
deri vahdé Ba@ patticlesa noi ety sel ect ed from the group
consi sting of a bionDIecuIe a small nolecule, a
bi_ oact i e a ent., oIo [ 1
’ cEiign 8 e o4, Singehio B X el AP Bie e
of the above 67. The conposition of claim®65 or 66,

whoer eiThetcbpoEition yf d18ini 68; ehpteirathe dxpozbdcdllagen fibers are cross-linked.
pol yneri zed pol yner precursor and Iinked to the

EE A RN e A SN T

combi RAM Doy $dMQ tRIRNR theIBouPonsithie: m&%bkbﬁle aDémall
claim 62 wher€in collagen fibers are exposed at the

sur f ageoledule, afpdodotiveeagsat ginon-biplogeplly petivemeiseal an Brasnic

cl ai aﬁ%%méﬂ%n&h&af &g cgoﬁrﬂ)q?ﬁ%#nlo?%]ﬁggg{r@ers are

fraye coﬁp05| Wwherein the
exposed coll agen fibers are cross-linked. 71. The
cinpositeicompofiticd af ¢tai6862 wheriithe bine pextjpbsedmpakd ageting of
fibers are d r|v t|zed with a noiety selected from

the gr8dp® ﬁ an of a bionolecule, a smal

nDIecuIe a bioactive agent, a non-biologically active

mat er i\ie,cofPotifion dlaien 5ITRIheRiH e palyiﬂenzécﬁbalymaﬂpramtsor isa
conbi nati on of the above. 72. The cggpo& t g %I
62 wherBImFErspiEctsdAemIRr gioup sensiting of Biodagredinfs, H@n fodegradable,

cal ci Iléﬁ‘ p?:Eﬁﬁegg @5 ﬁgcri{ggeédagﬁg) WQ%bIﬂoﬁﬂn&g oL Bb@radable

wher e precdrsor is a
pol yngolgedrsend do-fppbrmemd hyedsgmdeldn sndnembiod¢gradable polymers.
bi odegr adabl e, non- bi odegradabl e, co-pol yners of

b740 de gl‘hgdc%glgg ?Ik Xfr&crufn 7% gvh@x%llry gﬂ@ @§1yﬁ{eﬂ' is selected ffrom the group

non- bi‘odegr ners,
bi odegoasistingef @B@(ﬁmpheﬂﬂﬂg rpatiabltﬁmep,qjoj@rfamaratei4pol§t'1ﬁmsphazmes,

SO0 ey Rk %}lggéssnwgi)}(ar%a%s)e,nglyt(prﬁ'lygr%é/sﬁroh}(ﬁydroxy acids),
polyesters, poly(ortho esters), polycarbonates, poly(propylene fumerates),
poly(caprolactones), polyamides, polyamino acids, polyacetals, polylactides,
polyglycolides, poly(dioxanones), polyhydroxybutyrate, polyhydroxyvalyrate,
poly(vinyl pyrrolidone), biodegradable polycyanoacrylates, biodegradable
polyurethanes, polysaccharides, tyrosine-based polymers, poly(pyrrole),
poly(aniline), poly(thiophene), polystyrene, non-biodegradable polyurethanes,
polyureas, poly(ethylene vinyl acetate), polypropylene, polymethacrylate,
polyethylene, poly(ethylene oxide), and mixtures, adducts, and co-polymers
thereof.



consi sting of poly(phosphoesters), polysulfones,
pol yf umar at es, pol yphosphazi nes, poly(al kyl ene
oxi des), poly(arylates), poly(anhydrides),
pol y(hydroxy acids), polyesters, poly(ortho esters),
pol ycar bonat es, pol y(propyl ene funerates),
pol y(caprol act ones), pol yam des, pol yam no aci ds,
pol yacetal s, polylactides, poalgglycolides,
pol y(di oxanones), pol yhydroxybutyrate,
| yhydr : . po| j [ .
P otogh e FA B BFb £ Wt b B, B Siagticies are
pol yurcetipeases], together sm e phedetednimed thapesi ne- based
pol ynmers, poly(pyrrole), poly(aniline),

y(t.hi ophene). l.y.styrene, .non-bi odegr.adab .
5B Y urdienamegsition B iRt % SRStsi PR ERpPEREGAREIS have 2 void volume
acet atip} sreR@} AR APy, ene, pol ynet hacryl at e,
pol yet hyl'ene, pol y(ethyl ene oxide), and m xtures,
adducts, and cq-polyners . thereof. 39 75. The, .. b
cloposkheicompesitien af ¢y 7S, fifdies FAMPERNg;? HEmbFt Sf adtiognappativle
parti g CHEPY iobi te6\8tRE BtRRtgent,
shapegn%.r’qillﬁé’ con"é%g ???%%1%?5 %ioﬁa%lgggﬁMer ein the 8
conpr dsseolepde, tsimallawolerales bivagtiNechgont) endeanyrombinatign ef the above.
than 32% 77. The conposition of claim75, further

ri

T e e RIP B 1R 75, MRRATRR oty lbcheiom s shape selected
sur f adeona tel grenpgesisting &ff aoomke ecaektion sfivabdnenshieeic piréicle, sphere,

bi oactive agenf, and any conbi natjon..of th bove., 78. .
The. OIS OIBH SR PG 5o S R el Lok Cote, pin
sel ect@elvf LA upsS RRRE teuth Rk, 8ut, Weags, Ebﬁioﬁfo@ WRdge, cylinder,
conS|st|ng of a bone, a section of a bone, sheet,

par t i chsadesiyylinder, angkrednd, coil ed strand, capillary
network, film fiber, nesh, plate, disk, cone, pin,

o BBy GRSy v

portion of we ed ‘cylinder, and
rod. 7Hovidingagduhbtyraf bgnoparedésnpl ant produced by t he

conbi rieAnRE B Ree ARt e BYFERr: bocSpaibic
precursor Qolyndti #@onpatible polymer; and

pol yneri zing the synthetic polynmer precursor to forma
conpostolaneizing he syitagtic pekyamer chﬁﬁétorfgfr{l A cpposite of a polymer

wher ei a3 R Sartles COUGLRN nubRAST QP aIRESbNEE B&WeSPprecursor

molecules is increased after polymerization,

wherein the synthetic precursor is not a polyamic acid.

80.  The osteoimplant of claim 79, wherein polymerizing the polymer precursor
comprises one or more of cross-linking the polymer precursor, increasing the
molecular weight of the polymer precursor, and creating covalent bonds linking the

polymerized polymer precursor with the bone particles.

81.  The osteoimplant of claim 79, wherein the polymer precursor is selected from a

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




nol ecul es is increased after polynerization, wherein
the synthetic precursor is not a polyam c acid. 80.
The osteoi nplant of claim 79, wherein polynerizing the
pol ymer precursor conprises one or nore of
cross-linking the polymer precursor, increasing the
nol ecul ar wei ght of the pol yner precursor, and
creating coval ent bonds linking the polynerized
pol ymer precursor with the bone particles. 81. The
t eoihpl fi. ¢l
g&?ec ¥ r’Isrﬁg ro?tg&mgalzfn? f&lg?ng 99 vyﬁé?ﬁrl rfnbﬁg}rrrg rﬁleq:»%h))fﬁ?r:go cyrrrsg¥ is
f | owalpbBmppizydrelic atdendt zapcp'&mi oﬁﬂhh yasgolay aned mmdltmbttyxmnc of the
40 8%. The .ost eoi.npl an % m 79, wherein, before
the p&PPFRAtplFSHEuGfraed wy ﬁ@ﬁ@#??@ﬁ”'?ﬁgnat | east a
portion of the vascular and interstitial structure of
tshe OB @steainiplalt 06 claine 79, Whekdif eiea@nypirficlel erepselem& from the

precursor. 83. The oste0|nplant of clajm 79, S
the baFuPFaREistngaf napderaiapralizedbope Biicle degtinaipized bone particles,

consi %Hﬁﬂ <0fes BRpggm neral i zed bone particles,

dem nera bone particles, and mxtures t her eof .
84. The oste0|nplant of cIa|n179 wherei n the bone
Bdr t | dhesstepienit af clein 79,0ovhezein therhione paticlenaregpbiined from a

consi st ' I‘ ﬁn%%{'gll:g%%lnms onedf co %%ledon uc%g%‘fﬂ%b&r%r £dr60s-

cancelrlilousrBo er eo

ost eOIcaﬁdeHBﬁslﬁfneCdxﬁlmﬁﬁes thheasfel n the bone particles
are obtained froma menber of the group consisting of

S D8 SREPRn BRI Rt YT BE R Do ok P Rord Tom

wher einenitRe oPRBYrdipr doh &bt Habtogbivnik bdfie, hlogthRibone MeHogeneic
by wei ght of the conposite. 87. The oste0|nplant of

cl ai mbPoe, apd erituresthesedfone particles are about 26%to
about 50% by wei ght of the conposite. 88. The

Gt eoipgly ngﬁl&ﬂ{lalﬁl Ein{ 9%, g%}gégéﬁ'lﬂé t;oﬂ %?El:éﬁ gl%raﬁabﬁﬂ 4 to about

are about out
conpogisteby Beighfldfehosingmisitpl ant of claim 79, wherein
the bone particles are about 76%to about 99% by

'. gh Ofos%gli%pq?nggg ?l' tggg% tw ﬁ}eoo%ﬁg S%rggig? gttéarat%g “dé% 18 about

ar e 50% by weight of the composite.

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

75% by weight of the composite.

89.  The osteoimplant of claim 79, wherein the bone particles are about 76% to about

99% by weight of the composite.

90.  The osteoimplant of claim 79, wherein at least about 60% of the bone particles are

elongate.

91.  The osteoimplant of claim 79, wherein surfaces of the bone particles are modified.



el ongate. 91. The osteoi nplant of claim79, wherein
surfaces of the bone particles are nodified. 41 92.
The osteoi nplant of claim 91, wherein the surfaces of
the bone particles are derivatized with a sil ane
coupling agent to the bone particles, wherein the
silane coupling agent conprises an active group that
is incorporated into the polymgr. 93. The
ost eoi npl ant of claim92, wherein the active group is

nof tional |t I: I :
Bt cor P ER ARyl pt Mo 1, Hke R sprsites of 1R bone partipls ae
bone paritdtizbdwithnailattaroupking Zuedt toithdbauempaitzlos, whéreinttbelsilane
fromthe group consi.sting of a bionplecule, a,. |
mol ec GPEPLng as?%&empvéesefggﬂ?‘fe gophets Sresgoeet gﬁg@ﬁil’%’m-
material, an inorganic material, a mneral, and any
eanbi Nak lbeoigipldnd 6f ARRY 92, tehekdi® tHRQBEvV@bI &l rAdnofietional or
The osteoi npl ant of claim 91, wherein the surfaces of
t he baomdtifyaetiangl.es are derivatized with a silane
coupling agent and wherein the silane coupling agent
93, dqrhb%%bi?rﬁﬁa%\’bf Daftn TP valeYei® HeQGiRGs bF MR1JohE patielePare
consisting of "a bionolecule, a small nolecule, a,
bi oac tdenieatizg@with aaneioty-sbliectkd fonethe groap cpyaistingioé g ibigmolecule, a

an inqrgani terial. a nmnera n . i pat | ,
of thgmgﬁge,ogéc ?%ﬁﬁlgtl%es ghts %?%n{olo%gclzlsg%{trlr\fegrggﬂg{mgéfﬁorgamc
wher einfatériig, ainetay, and ady c@tibigatioalof theuborp ar tht bane prticles.

t he polynerized pol ymer precursor and |inked to the
pal yner of coval ent i ntfgrac

Y e obse AR pLEIATo AL WHaFn BisiHiates oF e by perticlgs are

The oLRRiIRl ith aQllatd @uftiflagenhaidelker&if kieAdigne &dd@ﬁﬁ% agent is
are exposed at the surface of the bone particles, 98.

The osledwitirpd with aghoietyselested fromthe group cpesidingof e piomolecule, a
I fi g ' of - :
&o ai ﬁ]g;.g'lgll nllvéiggufe, %'bf%éﬁ@ %Ogté% %%%%{52:&2%‘11?%%% Iﬁ%lélﬁ, an inorganic

erei ers ar
Cr 0SS nhatériad,ch minkf¥). and lasy catisiaationl fithe dfovel ai m 97,
wherein the exposed collagen fibers are derivatized

i th noi ety sel ect.ed 0 h O consi.sting, of
MSomol 6 O E0TuPIGHaF HA(oh3F BED Smelbub 21T & BRPS of
non- bijploastrsad into BtpokndiBb@pdlfner ScurEs 8@ Minked to the polymer by
material, a mneral, and any conbination of the above,
42 a member of covalent interactions, non-covalent interactions, and both of the

above.

97.  The osteoimplant of claim 91, wherein collagen fibers are exposed at the surface of

the bone particles.
98.  The osteoimplant of claim 97, wherein the exposed collagen fibers are frayed.
99.  The osteoimplant of claim 97, wherein the exposed collagen fibers are cross-linked.

100. The osteoimplant of claim 97, wherein the exposed collagen fibers are derivatized
with a moiety selected from the group consisting of a biomolecule, a small
molecule, a bioactive agent, a non-biologically active material, an inorganic

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



101. The osteoinplant of claim91, wherein the bone
particles conprise a coating of calcium phosphate.
102. The osteoi npl ant of claim 79, wherein the polyner
is selected fromthe group consisting of

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

bi odegr adabl e pol yners, co-polyners of

non- bi odegr adabl e pol yners, amg co-pol yners of
biodegradable and non- bi odegradabl e pol ymers. 103. The

Cﬁ? €0 ?tn&m%ﬁaﬁl? lo?clgi]n‘}&lz wh\éﬁ% ﬁle %aﬁsgﬁarﬁaley %ﬁptjisé a coating of

‘ecte group ’consi

pon(pho&nhﬂﬁﬁpmmﬁ) polysulfones, pol yf umar at es,
polyphosphazines pol y(al kyl ene oxi des),

81 o ShEpEeoigbiapt o by 2L puietss bRl Rt ied o Bgroup
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group consisting of a bone, a section of a bone, sheet, plate, disk, cone, pin,
particle, sphere, strand, coiled strand, capillary network, film, fiber, mesh, screw,
tube, cup, tooth, tooth root, strut, wedge, portion of wedge, cylinder, threaded

cylinder, and rod.

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

composite is modified.

106. The osteoimplant of claim 105, wherein the portion of the surface is a member of

the group consisting of oxidized, roughened, etched, associated with a biomolecule,



107. The osteoi npl ant of claim 79, wherein the

osteoi npl ant conprises a plurality of pieces of

conposite fastened together in a predeterm ned shape.

108. The osteoi npl ant of claim 107, wherein the pieces

of conposite are fastened together with a nenber of

an adhesive, a nmechani cal fastener, ultrasonic

bondi ng, and any conbi nati on4af the above. 109. The

ost eoi npl ant of claim 79, wherein the conposite is

shape . i C [ j r : ;
compr SRR R ABeub KR e it pBloblyfic¥oft Bsociated with
ost eoamploagunicohatetia msddfted withmeminertah end empeestspation of the above.
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a07or T8¢ hedimpliit e e 4 Rrtarom PPl RonpHE Aphuraticy of
fi 'l epiecéd dFebmpbsiRsthétehcdtbgetiith 054 pictiaeinined shape.agent
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CONP ksHefi@r with Blrtridr bY aPidHRAE, aRAschhRibATast@Re \Btrasonic bonding,
bi oconpati bl e pol yner, wherein the bone-pol yner
i nt er padenyoembrinatiog ofithelabave a portion of the
surfaces of the interstitial and vascul ar structure of
¢ b . . , . i .

308, € puBREPGh GBI RY wiRthid BBeolflt £ HBRPH Pirols, and
c onposiheteirthe paniples arenmpa¢ssédeiasitpredecermirtidwshapeal bone
particle coated with a synthetic pol yner precursor
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precursor polynerizes via the formati on of coval ent

nds, provided that  t t heti c. pol ynmer precyrsor .
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of pr ri bene particle conposition, conprising

coat i ﬁgﬁée(tﬂgéf;egt&%orlné&elssﬁfﬁ vi dual bone particle with a
first synthetic polyner precursor, wherein the

112. 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, provided that the biocompatible polymer is not a polyimide or
polyamic acid.

113. A composition, comprising;

at least one individual bone particle coated with a synthetic polymer precursor
selected from a monomer, a flowable biocompatible polymer, a prepolymer,

and a partially polymerized biocompatible polymer, wherein the polymer




pol ynmer precursor polynerizes via the formation of
coval ent bonds, and provided that the synthetic

pol ymer precursor is not a polyamc acid. 116. The
met hod of claim 115, wherein the polyner precursor is
sel ected froma nononer, a flowable bioconpatible
pol yner, a prepolyner, and a partially polynerized
bi oconpati bl e pol yner. 117. The nmethod of claim 115,
wherei n coating conprises spray coating, tunbling,

di pping, or using a fluidized bed. 118. The net hod of

clai m 115, phebiirki§iol miRed $ia sk fofthatl dnfoFlcbierd boh@pfovadled that
portion of the interstitial and vascular structure of

the bone pakisiah&ichdliméRedBoy Falot R pSIEEMEOLcid.
114,  The composition of claim 113, wherein the interstitial and vascular structure of the

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

115. A method of preparing a bone particle composition, comprising coating at least one
individual bone particle with a first synthetic polymer precursor, wherein the
polymer precursor polymerizes via the formation of covalent bonds, and provided

that the synthetic polymer precursor is not a polyamic acid.

116. The method of claim 1135, wherein the polymer precursor is selected from a
monomer, a flowable biocompatible polymer, a prepolymer, and a partially

polymerized biocompatible polymer.

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

dipping, or using a fluidized bed.

118. The method of claim 115, further comprising infiltrating at least a portion of the
interstitial and vascular structure of the bone particle with the polymer precursor.



