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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
25  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

30 embodiment, a biomolecule, 2 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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30 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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“Biomolecules”: The term “biomolecules,” as used herein, refers to classes
of molecules (e.g., proteins, amino acids, peptides, polynucleotides, nucleotides,

25  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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30 “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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30  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



25 refer to nol ecul es, whether naturally-occurring or
artificially created (e.g., via chem cal synthesis)

wao bat/ohaye a rel atively | ow nol ecul ar wei ght. PCT/US2003/025417
Typically, small nol ecul es7are nononeri c and have a

nol ecul ar wei ght of |ess than about 1500 g/ nol.
Preferred small nol ecules are biologically active in

t hag, ?ﬂg%}é 3 1?29 g&/eﬁnﬁeﬁ%@h enb orWay. erdrexath 16C‘drugsrfor human use

ani s, nor e pref

In Sgetby thaiFEApmélﬁleZvlr@E Fo 1§D 30-pretat or oeahéﬁénaé!dﬁ“%ough 460;
ol 4hOUBHs ROgS 500 through 589,
necgglgg?orlvgteﬁ?% H% hsgéﬁ%g%geﬁgb/i{ u%\t has al |(r)§e§ad bglégn

dee mdrp@aifwzel heareih lesf lfeﬁemcv,@ref ik considerpipoperalyle o #sppin accordance
PCT/A@ cg%%%%%ﬁ%7nog by the appropriate governnenta

ggeﬁe or ‘exanpl e, drugs for human use
| isted bthohmvié Iagenl:sfdeﬁrs uBdd Ierdin, Rbioa@®e agents3 35 used kgl to

361, and 40 t

li Stcgla}pw Eﬁf&l{g"g El&lb%, %g%tg Q)g 8%1%[@%&0%%%&/%@85%1 or

i nc Qﬁ&@lﬁ::ﬂb@dltd'] efoe bxanhye beheaivengents mayinglulle, (’bohgp d@irlgmted to,
acceptablgsfor use i.n acco

i nvEREiAdhS sulsiagess; arn\;l agc'geé ﬁl{bg%nce&san%b \Macshlmr 1unoeﬁ§'p§§sg4nts

1obi QagiirMeuR@RBEsS endyfe lﬂxﬂﬁlﬂtot@ irfcidig bubnot dmmpd) tmptsteaﬂe and
entities that alter,. inhjhit, %gt i vat el ot.her \1\1” Se. e
af f GeerssiTaPEEPiass ink 1t°féarf&§w1bla1“ OEiSHIOtgE g}, %R%%%ﬁ% gprotes,
bi 036t hkenBRRNLBridha, frahelilices, aﬁﬁ%o@h&aﬁt@tmdsbmrﬂeﬁnts@nd

anti- Al DS substances, anti-cancer, subst di

ant iablidikenson FpREPRSS P ProRsTRACE andypusg ‘ﬁon‘?ﬂcitaélfs including

SUbStB %ﬁﬁock@ﬁzﬁﬁmcé 1 RiitcAsImerdiRCAHICHAGoRE bompdunds,
imte rot ease and reverse transcri pt ase

1|5n hi antlfperaslte amd/@r anfi-pritoizedl copROUnAR tadiigiern colsrigrcgiular
hyp rh%tﬁ)? SrterackOhd 1n91h§15% f?§wth| ibRbit @M dSanti-adhesion molecules,

tranquilizers, anti-c sants, nuscle relaxants and
ant ivaRgiilidingsgents ishitoncefDNANNA op AroirbRsmEeghd muscl e

contr g%t gl e%swégcénldfgeﬁ rg}q s, dd0akehe noﬂt@foﬁcfé? and

ant i ergits, coma conpounds
ant |annanmmzeoxarag¢mﬂ amntamgacpgeomdmii, au@ﬁm;@}miactors,

#Blr: cl ﬁ}}g%"}%réu ATllp iindz Iﬁ} 0?1 %’%n%r locﬁgkcgsmé;m{:? d}ﬂ—glzal‘iﬁﬁcg ns

ol Qﬁbﬂt@&ndmv,amﬁdlebmﬁsamtg aa'g@slycboth qubstivice® psti-ometdigtand
RNA or protein_s

or | nt hesi anti r , .
anal @8t %%%e“ia?n{% “r‘fwl&pf%gmds ods cfg F tthgg%néétﬁ%sgeenrt oi’dar®
ant i - i nf | jampRtcemplefddtihs of Heuctivaapghte gﬁl’lsp(eclﬁadtlrgs syitable for
anti-secretory factors, é antlc ant; éy(” .
ant i 4R LHE BieFRL Wyetoa may be fpund in, E’Pafcglélcag% PRATH cs,
B 0§ RAetleaddpddshs, ABf)lhcaﬂ@fi%P B§ &&Bltlﬁleerﬂd’ihan@%tgémﬁngel Thieme
subst’ances, anti-eneti

C o DMEoR P i SRS THERE Lok (oY BiaRps Lot iicHs
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States Pharmcopeial Convention, Inc., Rockville MD, 2001, all of which are

30  incorporated herein by reference.
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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
30  origin. Preferably, the bone particles are obtained from cortical bone of allogenic

origin. Porcine and bovine bone are particularly advantageous types of xenogeneic
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25  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

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

strength, elastic modulus, and anisotropy of the implant can be tailored by adjusting
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penetrate more deeply into the bone particles. Ordmanly, at least about 10 to about

40 percent by weight of water (i.e., about 60 to about 90 weight percent of defaiting
agent such as alcohol) should be present in the defatting/disinfecting solution to
30  produce optimal lipid removal and disinfection within the shortest period of time.

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

30  provides a connection through which loads may be transferred.
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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
30  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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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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MaN¥xample, mercaptosilanes will react with the sulfur atoms in proteins to attach them
to the bone particle. Aminated, hydroxylated, and carboxylated silanes will react
20 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

25  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.

30 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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30  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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Publication W0O98/19718, the contents of both of which are incorporated herein by
30 reference). Alternatively, hydroxymethyl phosphine groups on collagen may be

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



10 coll agen to increase the exposed surface area and
the nunber of exposed am no acid residues. This not

wWoioy/0i4367 eases the surface area avail abl e forPchesioonh25417

reactions but for nechanicl@l interaction with the

polynmer as well. Rinsing the partially dem neralized
bone particles in an alkaline solution wll fray the .
col | agem Nd. 5/948,386, Berentreannierts obwhieh mrlmdoqiowedﬂwyeib by

suspen: ded H of about 10 f t 15 8
our Sl St oo Bt ater a4 SRR

ski | bgl@lepdayb&ﬁp@has thiélgmg@mﬁcla@ng pdslmalédnh&tanliormldes organic
perlo my e._I nNcrease or cre ta USt

ext efIIEF 3t giPrRjant dagyedpperac oxiges; gh@@&ﬁfﬂ?sefor Fierfiation or

ukt r 3sBEiyE gldapdfoll R Byadattien whe hpdragies i fHen §dtﬁEted acyl azide
Alternatively, the particles may be _sonicated wt

wat eBrouBYy fifca%lp%@ﬁvl caﬁwéew&ﬂe ang s desfratives 6%?41%&116%%01’6@““0“31
thes @rosﬁﬁkﬁg tagénlfkahéﬁéﬁlleﬂlylehg &iiso&)ahaAgeRd %ﬁéﬁ%lﬁa{'ﬁ% REused to

cross-11nk A variety of cross- |inking. techniques

sui t stebeliflothe pelltgem| Tha;.bsm mqlﬁr%e e waged tasmare dlhleachable

H he ymERRANN ¢ Iso be used. O
%{es §F?1% mC?I met hyﬁ%am nopr opﬁi‘]ﬁ i g&bsona?}f ?nso y s e

H9 d r @bﬂabmltbheart willieasity belabledo deteinrinatberbptiraal icomrenjrations of cross-

N- hy | I I

oy oy el i Bhinks s gofif. 8L PYr GG BAER, B

25 buf f er BothAaytd zaleiudﬁsyedmdllgem 'ﬁ‘pdars] magbe dd:rmas'\tddyvith monomer,
occurin bi c o bot h. _car boxy:
and RYRTSRSE Gt SRS s B ipep e SRR
col | agafot hmitéﬂ mﬂalc(lﬁtﬂe:uﬁs,l’h’imﬂve @bnm,l small bwadcubes,i inorgafic

IR anal Bicae Pruehsrae b g S HAe FoRp e &
Bi ocngfie, arélﬁﬁlg hyﬁiox?@sﬁg ;profad, anﬁ’lhbdirbﬁy’c}ird)lﬁﬁ WS MRt link

t he cont ent bot h of which _are i.ncor, ed herein
by 3@1&&&@?@@%€yaﬁomwrrmw 5 N oA Hig e Feaions
Phos phbibd veHihiRSy Slyrkélzk agan PBNOrs anldBRiEd: HebrvinbR thide

prlnagy and secondary am nes on nelﬁhborlng chai ns

( see POlymetizghybein polymeszatior maysrgbsity thsseiaming gt Gigrdouble
Do. Bordtt &Ilgfﬁ%orfohﬁrs%ﬂa bther 199&;11%?4 tﬁatﬁfolﬂﬂr&@ bﬁ Eifhin

I ncor porated herein reference). St'andard

cr os §olymatigatign agE reast \Mbﬂi@&ﬁ@nﬁmﬂﬂds &irctheir eerefiispgedant groups,
pol y @REXY nfeQARP RIS f Ag@gent s incl uding
polyvale%FEnetagﬁ)g giﬁg%s%&br anic tannins, and

ot her pl afAtditienaily edalpm@nmly,dh@wrr@eestreabh@m deatribefl gpove or
este

ronceriEih b aP ke f BRI BEVoa Bl Y QR b o e
gﬁoupm@hMmsybhmhnwyhﬂmEsb&dhhwﬁdenmmmxw$smdeﬂmﬁaﬁﬂmgmghof
ﬁgg a%x; A oh ?/%cﬁtg%e&?l?tlg%ﬂécego ?c@tgalsmﬁ greos%rsfjaéenal%anoq t}?ﬁqgte}t%de and/or the
used nieohamcal interlocking of the bone particles and the polymer

Eceimﬁng

Preferably, surface treatments of the bone particles are optimized to enhance
covalent attractions between the bone particles and the polymer matrix of the
30 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 macrostructural considerations concern the arrangement of the bone particles

within the polymer.
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25 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

30 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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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.
30 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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25  desired shape to be produced from 1rregu1ar1y 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
comiposite will not only be determined by the compressive strength of the bone but
30 by the shear strength of the composite. This shear sirength is increased by the
covalent attachment of the polymer to the bone particles, which will limit the
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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
30  materials include poly(arylates), poly(anhydrides), poly(hydroxy acids), polyesters,
poly(ortho esters), poly(alkylene oxides), polycarbonates, poly(propylene
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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

30 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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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
30  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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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
30  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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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
30 resin cements, glass ionomer cements, poly(methyl methacrylate) (e.g., bone

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

30 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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25 25% by weight of the composite.



20 herein. It is intended that the specification and
exanpl es be considered as exenplary only, with the

wo ewe/0saope and spirit of the invention bei ng PeMUSADEORS417
by the following clains. \W 2004/014452 :
PCT/ US2003/ 025417 30 What is clained is: 1 1. A
nmet hod of producing a bone-pol yner conposite,
cadnpdi si nghe mchpci ofaladinnlg wherpin theabang pantiflep ema@bout 26% to about
particl esgye e particles with a
prazecursorﬂc)))3 bi oggﬁ%%fgﬁpgﬁp ynmer; 4 and 5
pol ymeri zi ng the pol ymer precursor 6 2. The net hod of

cBai P11, Whemnethed pilapmds vhemig thaeone optjigkes ang pbai & Hrto Fbout
cqQnpri ses, NGy Yei &ﬁh@cm&%%ﬁ? | i nki ng the pol yner
precursor, incre nmol ecul ar wei ght of the

pol ynmer precursor, and creating coval ent bonds 9

| |5n kilhg t Kee methgdefidlaimd, phergivahe bone paiisles argjabent A% to about
bgne part 4@}, % weblt * the'@ngditd1od of claim 1, wherein
the pol yner precursor is selected froma 11 nnnoner
a_prepolyner, a flowabl e and a(partlal

pdl yrrér i zEke mi@"b@ﬁ oJairl, w ggfellll at Ipp abet AYA of thedion? particles are
fygrther cggg&kgrng infiltrating the pol yner precursor

14 into the vascular and interstitial structures of
the bone particles, 15 5. The nethod of claim 1,
wHer dfn t ﬁ%e Befhed of-laimd) Buthey conweisias pedifying Asirise ofife bone
gooup congdgliéng of nondenineral i zed bone particles,

dem nerali zed bone 17 particles, and m xtures
thereof. 18 6. The nethod of claim1, wherein the bone
dar t ild1 esThgmcthed oficlim 18, wherein T’@’dﬁ?é‘ﬁ%é purgce COTBPIRCH ffpching a
qonsi st i nglafé ckPlikd £3ht tH %Q)on@?ﬁ'ﬁﬁéé %&eﬁQH@sﬂaﬁQEJdpﬁﬁ’g agent
20 - cancel | ous bone, and -m xtures thereof

The met hotPUgHises aiakiive grwreth@nwnﬁmorb@ﬁ @ttpﬁxempkyrr@gz@rwlymer
qlt ai ned &éaﬂ&ﬁ 22 nmenber of the group consisting of

aut ogenous bone, allogenic bone, 23 xenogeneic bone,

and m xtures thereof. 24 8 The nethod of claim1,

Wher én t Hes methed ?férarméﬁe\ghea% theigeiiiee row s Boapiyngtionglmr

35% by weightuRfiodal® conposite.

17 16. The method of claim 13, wherein the step of modifying comprises attaching

18 a attaching a moiety selected from the group consisting of a biomolecule, a
19 ~small molecule, a bioactive agent, a non-biologically active material, an

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

22 17.  The method of claim 13, wherein modifying a surface comprises attaching a

23 silane coupling agent to the bone particles and attaching a moiety selected
24 from the group consisting of a biomolecule, a small molecule, a bioactive
25 agent, a non-biologically active material, an inorganic material, a mineral,

26 and any combination of the above to the silane coupling agent.



WD 2004/ 014452 PCT/ US2003/ 025417 31 1 9. The net hod
of claim1l, wherein the bone particles are about 26%

wao o00abous2 2 50% by wei ght of the conposite. 3PADUSZNE025417
met hod of claim 1, wherein 3he bone particles are
about 51 %to about 4 75% by wei ght of the conposite.
5 11. The nethod of claim1, wherein the bone
par t i18] esThe wetabdof clai®b/t wheabiotie silenc0@Upling agentghdludes a non-
t e conpo thod of claim1, wherein at
Igast aboﬁltogcgjé@ag%%?aﬁ g%n;né particles are 8 elongate.
9 13. The nethod of claim1, further conprising
madi f19i ngThe methédekclam bive 1hovterein the paidty islimerpotdted isto the
The netho A
c o nprise 39 a?ﬁiac%w g h%%r I?Lrg&%oﬁ g@é&ég b{#lb ﬁgly%elg%t p%ié%}eﬁ e
béne part pretwsor bWaemmhar ofvevdeltanén@seoyhlengniagetidns. 13
conprises an active group that is incorporated into
t he 'y r
et hag o1 ) S o LR, rB RO thel it colBles exposing
mBnof unct f@lagdn fihers at Grersutfadefoli ﬂmtbpxmairtld$7 1 6 The
nmet hod of claim 13, wherein the step of m)difyi ng
cQNphi ses a
f(rgo mZIt1 he Tl?%ﬁl}gtﬁg%ﬁ%lasnt%?zr? gfu%%;ér%@%ﬂ&n ecu ge ¥ e%fgﬁo(ﬁggen
sfal | nol Bews-e, a bioactive agent, a non- b| ol ogi cal |y,
active material, an 20 inorganic material, a m neral,
apd apy C@ﬁ@h@tﬁ&d Otk 20NBrBERURpHOnd H@ssqg%n tl’%él-exposed
particles. 22 17. The nethod of El'alm &re
rbdi fyi ngoadlagamfibetle conprises attaching a 23 si I ane
coupling agent to the bone particles and attaching a

moi eby. seTReh&Hod gf"clzﬁl’h@m ﬁlﬂﬁerg:E)ﬂHﬂsﬁéaﬁle?iv%ﬁbﬁ%thQExﬁbsed

bi onol ecule, a small nolecule, a bioactive agent
d3non- bi o?@@g@ﬁhegﬁ wigh 4 meieiyselested fromabe growr epasising of a

materi al , 4igmBleRft,al sman 2R 1R0R, A0 1 -
above to tlhe s?laﬁan éq'mgoup (iQng ag e%c?l%%gg%&% 8%34%%% active
PET/ US200®AEH4E darzinorganid ma@rialThminesd, od any casitanation Bf the above.
wherein the silane coupling agent includes a non-

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

17 bone particles in phosphoric acid.

18 25.  The method of claim 1, wherein the polymerized polymer precursor is a

19 _polymer selected from the group consisting of biodegradable, non-

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

22 biodegradable polymers.

23 26.  The method of claim 1, wherein the monomer or prepolymer forms a

24 polymer selected from the group consisting of poly(phosphoesters),
25 polysulfones, polyfumarates, polyphosphazines, poly(alkylene oxides),
26 poly(arylates), poly(anhydrides), poly(hydroxy acids), polyesters, poly(ortho

27 esters), polycarbonates, poly(propylene fumerates), poly(caprolactones),



2 bioconpatible [ eaving group. 3 19. The nethod of
claim16 or 17, wherein the noiety is incorporated

WO paoa/014362 4 pol ymeri zed pol yner precursor or PCTKSIH03/aR5417
the pol yneri zed polyner 5 pBecursor by a nenber of
coval ent and non-coval ent interactions. 6 20. The
nmet hod of claim 13, wherein nodifying the surface
conpr i sespaygmigesnpolyainioo hdidsypolydoetalsy polgictides pelyelyadades,

the bone partic e {Teth ,
orthor comarergetrigag o STl at iy Bk Einy
fBbers. 1fyradidodd)evioteitadsblofolpdyandarizBiesf hioddgerable

gggggsin cross- I|pﬁ]l@{sﬁcg'hmgl'e gﬁhose eg?%%ﬁﬂ%S%%%WHDEL
CgNpri si nﬁolﬁ(@ﬁlﬂlﬁ@t hAy(EGophbes) HoPREAche, tbd-Kieldeagsile

fibers with a noiety_ sel ect

cBnsi st i nBPlgfretanes, P& YOF3F@0 E%hyl%{legﬁﬁfﬁce%@ﬁmopyg\ene

bizoact i vepag@ethacrlatd QiblRiARE pobl(dtlylakloxiR), ad® mixtures, adducts,
material, an inorganic material, a mneral, and any

c8nbi nat i #K @rpolyetadevel 16 24. The method of claim

13, wherein nodifying a surface conprises washing the

19 bone p@hd m6the$of dlaihO SRR dosnpdSing pladiBg 2. boﬁ-@ﬁartlcle/polymer
method of claim 1, wherein the pol yneri zed pol yner

gPecur sor Plegurspr MISUEsIP ¢ dald ‘%,eéPfé@P]é(Hle}‘l%a(S‘ﬁ?t he group
consi sting of biodegradabl e, non 20 bi odegradabl e,

dQ- PeRY NMETEe Mbthbd eE@gmadakiher alpyis®s:s, co- pol yners of
ngn- 21 blode adabl e, pol yners, and co-pol yners of
BPodegradHﬁF@ m@ﬂﬁﬁ PEYUBPe pol ymers. 23

36. The rra{ab@ﬂg £hotd \ﬂﬂtﬁfﬁhé— Fafﬁ&lgr;%uﬁnérﬁsd ARRAAER 0T

prepol yner forms a ner sel ected from the, group

dénsi st i n@or@ﬂetﬁkgmypm?aéﬁmé%f%mél}e bopepRIYMFE EAMRNSES |

pol yf umar at es, pol yphosphazi nes, pol y(al kyl ene

axi des) , 2fRe Rethyd arddimtie ﬁ)ﬁheﬁ&hﬁbﬁ&ﬁF Yighhingase bone particle/polymer

pal y( hydroxy aci ds poI esters (ortho
déters), PEPyrAPHbHERiRE S a@sp £S5 qdo(gml @rqqprf@pgi‘r@g)ofabone a

nel y(capr loagt @f"lﬁﬁﬂle Mt 204 Okifr 5s%hgrgsﬁla§? QERa0RBAL Capillary

33 1 pol yani des, I'yam no aci ds, po | yacet al s,

g8l yl act i a%ﬁorkpﬁlnygﬁbyr@me%é@k cope, BBk §ERH Wi e &opth, tooth root,
RY! yhydr oxy Ut it rioRdF %@a%ir 5%&&' A& cyﬂﬁae)f (alnyd.

3 pyrrolidone), bi odegradabl & ‘pol ycyanoacryl ates,

blode radabl e
30.  The method of claim 1, further comprising partially polymerizing the

21 - -polymer precursor, putting the partially-polymerized mixture in-an implant

22 site and completing polymerization.

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

24 particle mixture in an implant site before polymerization.

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

26 composite after polymerization.



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

pol yners, poly(pyrrole), 5 poly(aniline),
w@oigp14asDphene), pol ystyrene, non-bi odegr adabP@r/652003/025417

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

acetate), polypropylene, 7 polynethacrylate,

pol yet hyl ene, Pi_goly et hyl ene oxi de), and m xtures,

adduéds, Them 0%@%411;3%%&@1%}6@@@ of groglifying h sunfase kertprises a
O& C! ai m the f)é]:rc;flﬂfér %ﬁél&fnggf 9)&1@191 ?Qt fegsﬁf BQH]I% of the surface,
partlcle/po?jyrrer recurs m xture i n a nold
béf or e pofopeksningat le@iﬁ a portiop ®f the Iyerfaret diehingodt leabtai pertion of the
fyrther c i all A
ool ymer priBs Juiing s bopRichiclole B RIAppE shitPmolecute on
partial | ythptsmﬁwe,rrﬁm’mﬂigmﬂiiwﬁﬁi ageatront thelsuciaog) katdining an inorganic
pol yneri zat .bone- pol osite.
28. The net ér?mg °of e(: ace Ifanfnllﬁ% ér%er% Hf}}esgﬁ%ge %rl’ﬁiaa}g?'ng
t ie bone @mnmmatﬂoebbthbylnm/e 16 precursor mixture in a
shape sel ected fromthe group consisting of a bone,
1¢ segtion. O h he
Stgr aﬁ% C?)h nl%fﬁo{)r an églglilh rlclg)lrn?{’lglﬁl_%gl%}ilnmg Eﬂe c]pﬁ)alposrce into a
f Pber, mneshape ﬁﬂbﬁ;ngalmwp qfipplymsdzagien. t ube, cup, tooth,
tooth root, 19 strut, wedge, portion of wedge,

| i peler [
0, |38 OGBS 6R A0 s e s
Bol yner i zéomgstitpeofa bong @ lsgatien Ober leangy shoet, pqnnrﬂd; |spig:ret kigand,

rtiall Ys
g%d conpl eo?lfg!ri]g(ﬁapg’l Caﬁeﬂyzng%“f On. ﬂhﬁ%ﬁﬁ lpl%eﬂ%’t‘ﬁg(dc%]re pin,
dBai m 1, doavt, nébe, cmq.’mmbﬂhsﬂon@ Tt} dtiut) greti g ppioy BEWedge, cylinder,

recursor cle ture in an inplant site
éfore pol%F F’fé Lﬁlﬁie&r?nd -32. The nethod of claim 1,

further conprising nodifying a surface of the 26
d6npdsi t elefmﬂhoqm;ﬂciaﬁm B#,zfatthan RomMBiERE kA4 bRrality of
R /USZOOB/ eg A S3 3t Thethmet hod of claim 32,

erein the %1} 56T G %’P?‘i? R yr f ace conprises a 2
menber of the group consisting of oxidizing at | east a
port Bon ofhetthethainffchoe 36, véhercauthia mic]nigechplectee astfasened together

rtion of.th e etchln rtion of.
PRe’ 4 ourvish EmeRbed s this e dheflnicol Bon, AB R attine
A2t ai ni ngend asyracbnlbimioeoﬂiheame. 5 the surface,
retai ning a bioactive agent on the surface, retaining

af ' gorg afﬂeq etﬁod@%ﬁiﬁh ‘?l fuﬂ@er CQI%prslsl’llngf 5 ’1n1nge {h% Icgmlg(%lte 1nto

~mneral on the surface,’an
21 particles after polymerization and compressing the particles to form an
22 osteoimplant.
23 39.  The method of claim 38, wherein the composite particles are compressed
24 with a force greater than about 1000 psi.
25 40.  The method of claim 38, wherein the composite particles are compressed

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



7 conbi nation of the above. 8 34. The nethod of claim
1, further conprising machining the conposite into a
wO2®hapasiol | owi ng the step of pol ynerizati on. PADUSHN3/025417
The nethod of claim 34, whe¥ein the shape is sel ected
fromthe group 11 consisting of a bone, a section of
a bone, sheet, particle, sphere, strand, 12 coiled
stlr ardd, cah¢ inkthry Ofréztimxﬂ%kwhérbilnrthle dontpesssedroesippsifelpattieles have a
di,sk, con | cup, tooth, tooth
r%ot, strg?dQOngr%t%&H% Jﬁ'o medge, cylinder, 14
t hreaded cylinder, and rod. 15 36. The nethod of claim
34, f4rt héhe potipd b%dlafigl FRabutber cogpasipg mmibihilng thgfcomp@site

chi ned r
et hod of PufgESy ks AORRARI S ANTER viochpifte Hker sier
f &st ened ﬁbgeplmplzeﬂ&ommwiblmlm At soffaca racmragsmvlﬁomalecule

chani cal , uItraso i c.bond
B nat  SRDROEREC b= 3575 490 Eoisish o5 P GpdSfetore
17 furthecmnmmmﬁ@5|ng machi ni ng the conposite into 21
particles ------- polynerization g particles after and
cQnpressi st eqj
"3 R or T Bfod 8 A sE M aR SRLIR Adbpmfe dpiig e Fave
aPe conpr simsesblec%d funint the grofup cmmsg'ngaﬁ aelfon‘e,raaeractﬁmm bone,
00 psi 0. The .net.hod of ¢ rein th
3:1 grrpom t eShﬁ & 4lafer RetGp épl?:ef)%?aélgscé)gleg]%anﬁn PR gryfngp%cgﬁ film,
et ween abiout m&hOdislg oheapialeres0) nde cupStooth\Abbth root, strut, wedge,
04/014452 . PCT/ U 003 5.1 41. The method of
ﬁ ai m 38, PSTHE & ﬁéyggﬁﬁ? g%%gcgﬂﬁﬁ%§W¥@Sparticles
have a 2 void volune not greater than 32% 3 42. The
et hddl of Tid methoB&, cldimrlt hethercomprisiag A@ckiMiAp tiri cogpbdite into

nposite 4 rti.cl a wett
Jent . b UGN Bl P e i b forgn PrBplant
pl astici zer, biostatic/biocidal agent, surface active
agenty. bi tireohebed & claif 1sfumthbr cminipﬁ'ﬁziug Reatig atdedst ¥ portion of the
ent, and_an |nat|on efore 7

h
2gnpre53|ng te@ THRE" %@Fﬁg hJ?E@PgﬁﬁFé %$therei n the

conpressed conposite particles have a 9 shape
4@l edb.ed Theonsthdérkeofgtapu @5 cloribérsoipgsinf ingpldnting theat least partially

ygction olﬁ‘lel?éd%%l@l%bsite into an implant site before allowing the composite to cool.

19 47.  The method of claim 1, further comprising compressing the plurality of bone

20 " particles together in a predetermined shape after combining them with the -
21 polymer precursor.

22 48.  The method of claim 47, wherein the compressed bone particles have a void
23 volume not greater than 32%.

24 49.  The method of claim 47, further comprising combining the bone particles
25 with a member of a wetting agent, biocompatible binder, filler, fiber,

26 plasticizer, biostatic/biocidal agent, surface active agent, biomolecule, small



10 sheet, plate, particle, sphere, strand, coiled
strand, capillary network, film 11 fiber, nesh
waele@k/o1@aene, pin, screw, tube, cup, tooth, toor¢T/D8WDI/025417
strut, wedge, 12 portion o% wedge, cylinder, threaded
cylinder, and rod. 13 44. The nethod of claim1,
further conprising machining the conposite into 14
parti cl esmaledulpdticactive aggntt 4nd apycembihgntod the@bavedhefore
0§ te0|nplggﬁjs%% 45. The nethod of claim1, further
conpri sing ﬁg at |l east a portion of the 16
conposite to a tenperature at which the pol yner fl ows.
13 4690. Théhemethodlooflainl4di whetsin tepomipeassed dape pasiicles have a shape
i gpl antin ks j
o T8 bRy DAEIR b ol® JEU SIS
céol . 19pa1'ﬁcle TFheergrstrinddcakd sﬂraalidmajzillaf}metmk film, fiber, mesh,
cQnprisin 0 S| [ b
8T of eo pBSERE B 1ty WIE, BBl b0 B g porion of
c@nbi ni ngwedgeneylmddr, thivedddlcyhndey,rmed rqul ecur sor. 22 48.
The nmet hod of claim47, wherein the conpressed bone
particl es 0 VOIune not greater than 32%
2% 43? Thén%xﬁﬂﬁgﬁlkggf% 47, further conprising
c@nbi ni nga pheligosfdbopapdriidésesnd 25 with a rrenber of a
tting a bi oco inder, filler
Past i o SEPo b SRt Rtelatol F5homer Lnfidntng fpydte
agent , bi onol esiodopatterhdlyMe, A aPaAlgpdlymerized biocompatible
/U82003/0254}7 36, 1 .nol ecul e, bioactive agent, and
é y conbi nat i APERT W iove before 2 conpressing. 3
58. The ﬁﬂféh@lﬂp&ﬁtloﬁhs’iad'iptéa andl%ﬁﬁtﬁicfbdtshkﬂl tBARh@SBEFolymer
ggne particles have a sp %elected fron1the group
nsi sting of PACHEREISP] Yg{@&‘??doﬁ gt 2P BeReot thspesie particles are

pkate, 5 par tdo‘?ﬁl@nﬂgﬁﬁ’ﬁ@fe@ to thé ﬁ@?ﬂem&@%b?ﬂwﬁﬁe&ﬁ%t at least a

capillary network fiber, mesh cone
Bfn, screw, tusEiona] ﬁhe iptgtstifal apdyrsplpTectuseof ghe bone particles

wedge, portiong ﬁfﬁltrazed'ﬁ/qgeepolﬁﬂéﬁz@&i SlymbAPrERL&A or both. 9

cyllnder and rod conposi |on conpr|5|ng'

Iuralltéﬁff bone particles; and 10 a poly
fgec afsor OBWOEHOR Pl ShowheR 2t lgashp éﬁ%‘P?/ ﬁ%’ihe bgpe particles

flbowabl e ard Lohipap MRk pB ard a
part|allylbo?yner?zed blocgﬁgg¥ygkmn 12 pol yner,

er
% %5 The composition of claim of claim 51, wherein at least a portion of the
21 interstitial and vascular structure of the bone particles are infiltrated with the
22 polymer precursor.

23 54.  The composition of claim 51, wherein the bone particles are selected from

24 the group consisting of nondemineralized bone particles, demineralized bone
25 particles, and mixtures thereof.

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

28 cancellous bone, and mixtures thereof.



13 the conposition is adapted and constructed such

that, when the polynmer 14 precursor is polynerized,
wa@eookeass2 a portion of the bone particles are PABUS2003/025417

covalently attached to the 3ol yneri zed pol yner

precursor, at least a 16 portion of the interstitial

and vascul ar structure of the bone particles 17 is

i mf i 56.r at € dmmpbkiﬁorpmﬂ Jaimmrsil z‘&hbrgiu kherbene paréden mepbtaiped from a

both. 18 52. Th 1

| dast a p%‘?’?l}’% n(ﬁlg CB%Sr‘llsgm %u(%%%%nous% Be,wﬁfgge% c%oﬁé

cevalentIyabgakﬁdmh@amhmn@mhymnmomrecursor. 20 53. The

conposition of claimof claim51, wherein at |east a

rt| the 21.intersti
o ¢ R bom epepLy bl st Phr P el ARE bt HahHIR o
pelyner pwmwmaiwmy“@@hﬁﬁﬂxmmﬁmomwp03|t|on of claimb51
wherein the bone particles are selected from 24 the
grouggcongj s ngs 0
dem ﬁér al ?f%e o?]lgf)n gto pa:gtlin‘g e%lhﬁ?e 9%?&8%&& %0%%‘26& to
t Her eof . 2HubF% theeigbigfols dompns@f cI aim>51, wherein
t he bone particles are obtained froma 27 nmenber of
t Ige gpou p p%%l'tl&goiocfl i erlE \livﬁé'}gm%rb% & ﬁ.lﬁ’ﬁglgg ArQ Hout 51% to
bone, cor co- cance ous one xtures
t Ber eof . WOURTV4bY WaLBLOTAICTYOURRE®3/ 025417 37 1 56.
The conposition of claimb51, wherein the bone
R tieh! eSTRL @Eﬁbﬁ@&l&&%’l‘ @hergl RRHRGE ﬁgcﬂeéﬂ'ﬁe WREP6% to
consisting o ut ogenous bone, ogenlg one
Xénogenei abdob?Ryp brwighi oftthﬁr@slpph@r eof . 4 57. The
conmposition of claimb51, wherein the bone particles
ghe ghpout lere/(:iotﬂg)omﬁ RO im%7 Yo Re il Eggtt al¥ut 56 of the bone -
conposite fle conposition of claimb51, wherein
tlBe bone patfitlesireslongate. about 26%to 7 about 50% by
wei ght of the conposite. 8 59. The conposition of
qhai By 51, THOERSSbHEr (REME 1PRhdrbif sG%acBE 6 ROBHe p%l(@eg Bre
9 about 7596by wel ght of the conposite. 10 60.
dénposi t i adidied.cl ai'm 51, wherein the bone partlcles
are about 76%to 11 about 99% by weight of the
q@MP@3I t eThd@nfbsitidher &mswﬁéraﬂ 1 sufth @k BF B4 bo R are

at |east about 60% of the bone 13 particles are
dl7ongat e. derivatized with a silane coupling agent to the bone particles, wherein the

18 silane coupling agent comprises an active group that is incorporated into the

19 polymerized polymer precursor.

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

21 multifunctional.

22 65.  The composition of claim 62, wherein the surfaces of the bone particles are
23 derivatized with a moiety selected from the group consisting of a

24 biomolecule, a small molecule, a bioactive agent, a non-biologically active
25 material, an inorganic material, a mineral, and any combination of the above

26 to the bone particles.



14 62. The conposition of claimb51, wherein surfaces
of the bone particles are 15 nodified. 16 63. The

W@ ovposiss: on of claim 62, wherein the surfacesPOf/Us1963/025417
bone particles are 17 deridatized with a silane
coupling agent to the bone particles, wherein the 18
sil ane coupling agent conprises an active group that
i 4 i m6or pFhatapositibo of dlam 629wpcrbi}armsrsiuzfe@bs pﬁthy feme particles are
pr gcggflo\r/ g rgv?atlz6e vY%_h a ms_:)1?]a6 Qlk%géﬁn%’ andSw h‘f <) e sﬂane%o&ﬂlﬁlxg
m3| tifu ncag@nalden@ﬁzﬁﬁmﬂhmomwmsued lfrom thdé grohlacmsﬁﬁng ofa

ereln tE rfaces f t.he bog gertlckes ar.e 1y acti

der i vatiz EP CHC T é’P?)eC L 8RR PETH ’taﬁ’é’né’?"&%%"a v active
consi st i NgattiaRafhoftiamiovaeeidl, @ migersln@idlanirodiitAtion of the above.
bi oactive agent, a non- biologically active 25

er n |nor ani er al
oo tat | SR eiRREOR B! SideBe, vRah BRE e s @haggmo
2004/ 01448 pBEﬁ{eHW phetifrsor3fd linkedl. to THegolymerized polymer
gnp03|t|on of a|n1 eﬁeln t he. surfaces of .the

ne part PEFEs™ é‘meén éP QPPIP Y eRRFHas-foRiep it intetactions,
coupl i ng agesily cambinghiel it dbbee. Si | ane coupl ing 3 agent
is derivatized with a nDiety selected fron1the group

nsi stin nol ecul e
ol ve TagemtbosioR shETBnE R Recif g MRt TR € Hipiy g e
an |norgamn&caahméb@h@aﬁwmkneraI and any conbi nation
of the above. 6 67. The conposition of claim65 or

h d
R A L

olynerlzed polyner 8 precursor by a menber of
d@v al7é@nt iTht emgosition sf clmorntse wheatkmribe dxpoed aclldgem ibers 8re cross-
qqd any c?ﬁylnatlon of the above. 10 68. The
conp05|t|on of cl ai m 62 wherein collagen fibers are
exposed at the 11 surface of the bone particles. 12
69. The cdhpesiposiinn of claneGvB@einthrempbied colbagex fbgeare

1 agen f T ticqn of
Fai 68, A LB ek i e i IR ARl 8
cffoss- 14biommll€(euilc, alﬁna?l]molé’dm@ abiafpnﬂ'sfie hgar aoﬁ)ndilcdogwe(i]& active
g@ereln t he, exposed call a

81 vat i 2R AT Boree PRt BEG™ Ahfpptmpingtign of e

densi sti ngboek. a

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

21 of calcium phosphate.

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

23 a polymer selected from the group consisting of biodegradable, non-
24 biodegradable, co-polymers of biodegradable polymers, co-polymers of non-
25 biodegradable polymers, and co-polymers of biodegradable and non-

26 biodegradable polymers.



17 bionol ecule, a small nolecule, a bioactive agent, a

non-biologically active 18 material, an inorganic
worioeo46 a mineral, and any conbi nati on of tPET/11S2003/025417

above. 20 72. The conpositidn of claim 62 wherein the

bone particles conprise a coating 21 of cal cium

phosphate. 22 73. The conposition of claimb51, wherein

t he pol yneEhd dbﬁﬂ)oﬁlﬁbly oflaifriecuhaein thepol@dr & splaktgdom the group

| ected from.t bi o rad bIe
nen 54" bi GURGIHAIBLE CTRE Rt D s or o
pal yner s, psigrhosymasss pélf(alk§lene SEdd3), @dwrﬂdag poly(anhydndes)
pol ymers, and co- pol of bl38lﬂwadab nd._non 26
b|40degr adﬁ‘kﬂ’@y‘ﬂfaﬁﬁ‘%‘%@ﬁog@t%&@@} aQipiesters), polycarbonates,
PET/ USZOO%IQ(%%%I%M: Rhetatest poi&t@pfb%%ﬁ%) Iio®anBdes Chodyamino

73, whereln i s selected fromthe group

cénsi st i neFidsH P%&%@éhﬁfﬁﬁ%@%ﬂt’ Bplaslycqliges; sely dé(ﬁ@gones)

pel yf umar g§; ro??cyﬂi:f%ﬂé i ?gﬁy&?%&dy‘(@hﬁﬁ%ﬂ%ﬁ@m),
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36l yacet ap@}’(ﬂpw}ythéCl@qlﬁébsenep@nylgD@ﬁ@lﬂdﬂldésdyurethanes polyureas,
ly(d
T Mt S ——

HR2odegr adpdlyethylehy oyide)padmyikmtes saddinits) dedycapieljphers thereof.
pol yuret hanes, 9 pol ysaccharides, tyrosine-based

ngl ymers I :
a1 Y0t opRer R HEbe b el VhaRh nitmic dgtpye paricios ar
délyurethanm@¢%pbbg@hﬂamapWQﬂﬂpmkﬂ@hnhylene vi nyl
acetate), polypropyl ene, polynethacryl ate,

| yethyl I ' ] :
Hquars SngromsbaupebiEh E PREA ISl A P MRS a void
dénposi t i veluwé nefl gadater Bien 3der ein the plurality of bone
particles are 14 conpressed together in a. _
B7edeh o1 MrfedntiaRen of Baihs, AR BARAShE b Audl: &laal M

75, wherei n thé conpresse ticles have a void 16

V8l unme noblogpmepstible birdar filery heL Piaticiperebioenhrdupeidal net,
Clbal m 75, LLTAEé %@i %Q%féﬂp?io oﬂgul@ ﬁgdml%leﬁ% glogt(ﬁlve agent, and any

bi oconpat | $ticizer,
Blost at i cédmbuetidabf thgelbrve. 19 surface active agent
bi onol ecul e, small nol ecul e, bioactive agent, and any

21 - 78. -- The composition of claim 75, wherein the shape is selected from ashape

22 selected from the group consisting of a bone, a section of a bone, sheet,
23 particle, sphere, strand, coiled strand, capillary network, film, fiber, mesh,
24 plate, disk, cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge,

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

26 79.  Aload-bearing osteoimplant, comprising:
27 a composite comprising a biocompatible polymer and bone particles,

28 wherein:



20 conbi nation of the above. 21- 78. The conposition
of claim75, wherein the shape is selected froma

W@ bape14422 sel ected fromthe group consisting BPET/ES2003/025417
bone, a section of a bone, ®heet, 23 particle,
sphere, strand, coiled strand, capillary network,
film fiber, mesh, 24 plate, disk, cone, pin, screw,
tube, cupat 1éa@tcatﬂa>mdnaﬁ“&1& HoRObartislbd 44é cov\éﬁﬁﬂﬁlmléa 1P gbl@ﬁler
of wedge, cylinder, threaded cylinder, and rod
7%. A I oad- beéP@ng ost eoi npl ant, comprising: 27 a

CONPOSI t emg Qiféi&ﬁh 188 p%lyhie@ GHIPALi128E - SroRFH T TRIMaBP 901991@19
particl es, erein: WD 2004/ 014452

P / US2003/ 025417 40 1 portion_of the bone
? ?Q:I esgéwésbem %W%P?%’faw eégytﬂr?e%te@ap%er 2 and
35the blqg@ﬂaaghghgdﬁybmnﬁe n%iclegt a silane-nodified
aromati c polynmner. Foad bearlng ost eoi npl ant

pPoduced HyPbEHeE e é?}ge R&fﬂcé?s G RIS GHEF OROT Ripeempatjblg polymer;
bene particl egug6 conbining the bone particles with a
precursor of a bioconpatible polyner; 7 and 8

pdl yrer i Zeahygnerizang bt BakERer praseispisia form gomnesite ofarmebaier and

o a polynmer ahdhond phiglebone particles. 10 81. The
ost eoi npl ant of claim 80, wherein polynerizing the

pol yner precursor . 11 conprises one or nore of
49 os 8L i nkherfstepimerlans pisieim 89 wherrigpelymeriging Hisinelymen grecursor

12 ol ecWoatprid&i B br Rbreto? @].‘OMW th@’ﬁ&(}ﬁ’l&%?&ours%‘f‘ %creasmg the

creating coval ent bonds 13 |inking the polynerize
pal ynmer preleelagreight phihe helyertseqyesot, iand ergatmgcposzﬂent Pheds

95t eoi npl @Rk, Gf, ﬁcllfi'h%]zgggolyﬂg{ﬁéc@rsgp@ltﬂEﬂe)'ﬁgﬁé' particles.

precursor Is Esel nononer
prepol yner, a flowable polymer, and a partially 16

pbI yir i 7B ostspipralant oflc?algl 0, Wh@elaéhesmlmr@rﬂcu@er ig pelgated
89, wher eidn 2 BRLOLE, EPz%p&?xlnXﬁE Elo%lﬁ&ﬂ&l?x% héd rtiall
eas 0 t]i‘l ? gl‘

golynerlzed the ate a portion
#d i nt erpolymerigpd gilymet ure of 19 the bone part| cles
are infiltrated wwth the pol yner precursor. 20 84. The

opt egd npl 'ﬁfétos@f)mﬁﬁa%'t ot c?gm(ﬁ'o FereWREGRL helpREROPRcursor is
articles are selected
8 polymerized, the ate least a portion of the vascular and interstitial structure of

19 the bone particles are infiltrated with the polymer precursor.

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

22 bone particles, and mixtures thereof.

23 85, The osteoimplant of claim 79 or 80, wherein the bone particles are obtained
24 from a member of the group consisting of cortical bone, cancellous bone,

25 cortico-cancellous bone, and mixtures thereof.



21 fromthe group consisting of nondem neralized bone
particles, demneralized 22 bone particles, and
woreooures2 t her eof . 23 85. The osteoi npl ant of BPCHUS2089025417

or 80, wherein the bone par4licles are obtained 24
froma nmenber of the group consisting of cortica
bone, cancel |l ous bone, 25 cortico-cancell ous bone, and
mixt g6es E’h@émﬁmﬁ'}&t%@@léﬁlgiﬂm WeabWB2OM3E Q2GS are dBtained
1,_86. The_ost eoi % of claim, 79 or 80, erein the
bdne par t PR IBI[; & BTPUp ConsISHRg B a4 togeRAYS Porsy allqggnic bone,
gnoup congdmdphéme Hhe,aud RENRRHMeRENE, al | ogeni c bone,
3 xenogenelc bone, and m xtures thereof. 4 87. The

te f cl.ai m.79, o erein the bqg

pdrt Ao 1 orfemipline By iRty Ofa%%ﬂ%%%‘g?%e’aﬂe gp about 1%
tlﬂe CoNpO&i dbbut B9BS: waiie opfkeshpiiant of claim 79 or
80, wherein the bone particles are about 7 26%to

50% t he osjte. 8.89. The
o8t o8P pl S oS B S5 00 iveFa e tPRepes ar sbou
parti cl es26 o stoats0% By waighi of tiahon FnosZé% by wei ght of
the conposite. 10 90. The ost eoi rrp ant of claim79 or

%ou}éggrggﬁ € &stc]eeo; bq%n% 81? % %1#8 etreém Ut ogipar;%(é/s zg:rg about

08t eoi npl al%tmiboﬁt?:‘ﬂ%rbﬁ’@m@ht dBthe colmpogiien at | east about
60% of the bone 13 particles are elongate. 14 92, The
t egjnpl 0 ereln surfa
ﬁ ﬁe %gne ?ﬂ'é S?eo Ilg%g]t%CI%lgn eﬁygrroﬁf ey eéeni}éeli? afﬁgles are about
dsét eoi npl %%tcoébouﬂ%%m;@@elgwwﬂelcnmpb@tesurfaces of the
bone particles are 17 derivatized with a silane
Gouphi ng fge e %
s?l a%cha couﬁﬁ& éerﬂ%fg%@gocgeg aﬂﬁer%%hfl maesm °<5‘u i I‘?gf’he bone
i13 |ncorpmﬂaﬂeﬁuedbmgadua 19 polyner. 20 94 The
ost eoi npl ant of claim 93, wherein the active group i's
TRNObANCE Al 0f { t -
ost eo?n‘pl ant of an%fg%ln %éé%g ‘!ﬁﬁe?ﬁ% Slgﬁar%?sa%eﬂée benetp Fﬁ%“’les
Bdne partiareiodifisde 23 derivatized with a noiety
selected fromthe group consisting of a 24

b oo ecupg, osﬁomﬂt Omélﬁl%l g/her@ln%eosiﬁgftaé% St 39%0he pa?ucles are

non- bi ol ogi ca

17 envatlzed with a sﬂane coupling agent to the bone particles, wherein the

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

20 94.  The osteoimplant of claim 93, wherein the active group is monofunctional or
21 multifunctional.

22 95.  The osteoimplant of claim 92, wherein the surfaces of the bone particles are
23 derivatized with a moiety selected from the group consisting of a

24 biomolecule, a small molecule, a bioactive agent, a non-biologically active
25 material, an inorganic material, a mineral, and any combination of the above

26 to the bone particles.



25 material, an inorganic material, a mneral, and any

conbi nation of the above 26 to the bone particles. WO
wQoooman52 PCT/ US2003/ 025417 42 1 96. The PCT/US2003/025417

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

bone particles are 2 derivatized with a silane

coupling agent and wherein the silane coupling 3 agent

i1S rivag i\ j : fro r

Tonsest | ot SR o O L el bR Pesare

Bi oact i véeragird with sndlandyioybling agantlapd atbeieinehSsitme emviptihg

n i nor ggpl.c: =1 . ' conbi naLi o
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96, wher biomoldselerringllymdlecute, abivhetive agent, ainoadiqlagiedligdctive

isnto the ~ ' 0ol yn recyrsar and |.inked_to

the 8 po y%%ﬂ%hé%?r%é%%g aglél\lleé? ’eaﬁ‘g af%f%@%fﬁ"ﬂ’foé‘r?éhe above.
non-coval ent interactions, and 9 both of the above.

0 98. THbe esieoiaplamsioaplpinn?S erl % whegin theheoietyrs ¢ alchmagert

ki bers apg. 8% , ace of the. bone.
particl es. OI?ZB%E%Q%E% p})) t eegl}%d_rﬁ%%%er% P ar‘i’]gé‘gf,gedem the

®her ei n pelEmendpyosBembso bf enyelentfintoresoray wn-cbIalbnt apedctiohd and
3400. The Lmplant of claim 98, wherein the exposed
col | agenbé}?%g@ég%rvg' cross- 15 linked. 16 101. The

osteoi npl ant of claim 98, wherein the exposed col | agen

10i b@8s alke ostepimpdait phclaizel?, whetinaohuger tipers eteampesdd bt am

the 0r 0UR£ONSHRLAG pfR, 18 DI omol ecule, a smal

nol ecul e, a bioactive agerit, a non-biologically active
19 material, an inorganic material, a mneral, and any
12 onBPnat Tesrpsispiniant ag@viel. 98, pertd2he SKipesedsbBagenmfiban treof
1glain192ﬁ?%@grein the bone particles conprise a

coati ng 1 of cal ci um phosphate. 22 103. The
osteoi mpl ant of claim 79 or 80, wherein the polyner is
1d el &4 e dTherastepimmpdant ofclejmAlfo whermiitlet dxpgsedcollagen fibers are cross-
1bi odegr aglabh e, non-bi odegradabl e, co-pol yners of 24

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

pon- bi odegr adabl e polynmers, and 25 co-pol ymers of

19 oﬁ(glg r At EOEIRE: B M ASe whetela Bhoeexpesieq neltagen fberd 04,
17he oSt eRiitalz8ditRh nichdd BILRR froWBE Sidlp *c{}&is%% $Fpr 1S

sel ected fromthe 27 group consisting o

130l y( phdippeesie p sall pelegwls o ierstive pehty & norabiatogwally active

19 material, an inorganic material, 2 mineral, and any combination of the above.

20 102. The osteoimplant of claim 92, wherein the bone particles comprise a coating -

21 of calcium phosphate.

22 103. The osteoimplant of claim 79 or 80, wherein the polymer is selected from the

23 group consisting of biodegradable, non-biodegradable, co~-polymers of
24 biodegradable polymers, co-polymers of non-biodegradable polymers, and
25 co-polymers of biodegradable and non-biodegradable polymers.

26 104. The osteoimplant of claim 103, wherein the polymer is selected from the
27 group consisting of poly(phosphoesters), polysulfones, polyfumarates,
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pol yphosphazi nes, pol y(al kyl ene oxi des),
w@oigpanyl at es), pol y(anhydrides), 2 poly(hydP@OrRYS2003/025417
aci ds), polyesters, poly(or#3ho esters),
pol ycar bonat es, 3 pol ypropyl ene funerates),
pol y(caprol actones), pol yam des, polyam no 4 acids,

ol yacet ' ' .

Dol v i GRuphoByH R Tl AR LY B e, poty(anhydrides,
Ppol yhydrokyvaiouyatids), paysstevs, ngly(ophe esirsdpelegarbongtes,

i odegr adabl e Rpol C ' :

Dol yur ecHtatR P Y SRRR bl Bl e A RLEOR AR Botvamino
pol ymer sacidealoysapstals,pobylactiges) golyiydolides) polgdioxanones),

ol y(t hi ophene ol.ystyrene, non-bi [

Dol yur cuateoRRa Rl s praons LAY R R fone)
@cet at e)hioqegtadibloply@amaciytitasnimbdegeadyblap@yurethanes,

ol yethylene, . 1 ol v(ef hyl ene oxid a m, xt ur.es,
Bavot o peitbio b S bt PGS e ey S,
@st eoi MbcdyithidPherd), PolsifLeno ol Biodefradabiapdlyigethaien psiyimas,
has a shape 12 selected fromthe.grou cogsiﬁtin loﬁl?
$one, a @%@?@B‘ﬁne’o‘fm apiate); P Hﬁ%ﬁ’ﬂ‘g‘ﬁi gnothacgylglp.gplyethylene,

160N€, pi fdly(BBYibhcd:Ede), SR &fiGures, b @ireh, aricjolRlynsdrs tbgbof.
capillary network, film 14 fiber, mesh, screw, tube,

cup, tooth, tooth root,. ru dge, portion,of 15
1 eabe:  oie ortsBP ok G P Pt R GoPRe b A RPe
17he ost eséifeeﬂah @ehlftaé gr@hr?&cﬁibi?ﬁlgﬁff a@ne, Wisedtieh bf aboﬂge%ﬁﬁbtaplate,
ortion of a surface. 17 the co site is_nodified.
145 107. ke oYt RB; n%ﬁ}c%ﬁpha?ea A RoR BT PRIy RRork, film,
1por ti on ey @ SefelvaiBe,icip,aodil), thRARRA, 8, WoGed &b of
onsi sting of oxidize rgéggened, et ched, associ ated

C d
150 wit h wedspowindsedinsaded sxlindenendiofi t h a smal |

nol ecul e, associated with a 21 bioactive agent,

18SS 964, at Bk odtebinpMht b QLTI o2 SOBNIRKEdiR bt 155 patiad 6Lk sk fate of
a 22 mneral, 'and any_ conbi nati on of the above. 23

1108. Thethpsmrasipisadifist. ¢l ai m 79 or 80, wherein the

ost eoi npl ant conprises a 24 plurality of pieces of

180MPEBI t B RebRRht bOGSIIE, Wheréin fHeg@eioarofiteadrsdedps .

25 109. The ostgginplant.qf c aLg1%€8, mhe%ei he . d
18i eces opombsreb e gy censishing ahapdizelgraughaoed,sfchgg-ppsogiate
0enber of itRNbLRHHRRSINY SissRiabGHAN il rhal&du®) Bdsociated with a

ul trasoni c 27 bondi ng,, and, any conbj nati on of Ihg X
2hbove. \VidraEtvazgyl associped ) itonmeregnis Mpjerialy gssociated with a

22 mineral, and any combination of the above.

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

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

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

27 bonding, and any combination of the above.



1 110. The osteoinplant of claim79 or 80, wherein the

conposite is shaped as 2 particles, and wherein the
w@a0otiocl4es are conpressed in a predeterm ned SPEPES2008025417

111. The osteoi npl ant of cl#i m 110, wherein the

conpressed conposite particles 4 have a void vol une

not greater than 32%5 112. The osteoi npl ant of cl aim

% 1033¢f u rfﬂ%%te&ﬁfﬂﬂn‘t §f cnegma7 R RO ST heRiin fhe Colp QGO ARl
i nder, fill pl asticizer, biostatic/biocidal

Zgent , maﬁuﬂefs,a@é Vd@tww@e aylrles arp FoRFBedie: Predeigrmimed shape.
nDIecuIe bi oactive agent, and any 8 conbination of

3 he AboVEL R0 14nD 6F RN 10f wERdR iR $5MPssed cdihposité\Particles
ost eoi npl ant, conpri sing: 10 a Qlurallty of bone

@artlcIé@”eaﬁ@dfiuﬁwﬁpb@%ﬁﬂé¥¥%ﬂ °pol ymer, wherein the
bone- pol yner interface conprises at 12 |east a

por {ion pfe dsreingiknk a€@EmOMN 0f fiRhdrRbAPSIAd 4 RemBAthfa
vascul ar structure 13 _of the bone p rtlclﬁ%1 4 114.
@ conpostiesosmwatile hipdersfillss. fiber plastigigediosiis/bigrifal pegntal

bone par &l GlEach ARk, mﬁ,meaﬂ@%ﬁmol&ﬁ@cm&% S&hE ehdshy
6 froma nmononer, a flowabl e bi oconpati bl e polyner a

§)r epol yneombination afife @oaab@fpr@nh%/stwfyﬁ@meﬁ%
bi oconpati bl e polyner. 18 115. The conposition of

§|ahﬂ§1l&momaﬁﬁﬁhﬁt&ﬁ@xﬁﬁ@e particle is covalently
linked 19 tqg t precursor. 20 116. The

| yme
1@ onposi t*}E}HranYQfIbaﬁlerﬁaltﬂes #erein the interstitial and

1yascul ar, §ihEdglatbie ol?&xelo fvnbks tﬁ@%e%[}tnhe@ lfterta®e Bdmprises at
| east partially |nP trated h the pol yner

1recursor. Jeastamortim Qfé]ﬁﬁ‘}ﬁfa‘é?ﬁ opthe rierstifgpl andhepsenlar structure
iparticle CO"Q@%LH%R@ arGQUPr i sing coating at 23 | east

one i ndividual bone particle with a first polymer
precursor. 24 118. The nethod of claim 117, further
1éonﬁP§S|ﬁ§0@@WﬁFW+%§Hﬁmﬁ%ural|ty of bone 25 particles

?Mlth as @&Qtdong%(ﬂm'al %&%Hﬁﬁﬁrcoﬁeﬁwﬁﬁ 'axoefyﬁie%bﬂa&r&d?%elected

rst an 26 second recursors to forma
leonposi t e. V\mrozm@m/omersazﬂmb Usomgnatls aetymey 5 prepelyger,

he net hod of ng +BRI precur sor
1?5 sel ected ﬁ?ghﬁhﬁh%}%% on%%&bﬁc}ﬁgl %y%ﬁﬁkn
bi oconpati bl e polynmer, a prepolyner, and a partially

18 poly neTheZC@glpgq;lg@mﬁb‘,ggmmlé vsranihe bone particle is covalently linked
19 to the polymer precursor.

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

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

22 117. A method of preparing a bone particle composition, comprising coating at

23 least one individual bone particle with a first polymer precursor.

24 118. The method of claim 117, further comprising combining a plurality of bone
25 particles with a second polymer precursor and polymerizing the first and

26 second polymer precursors to form a composite.



4 120. The nethod of claim 117, wherein coating

conprises spray coating, 5 tunbling, dipping, or
waigingi1esi | ui di zed bed. 6 121. The net hod of cPei/IsH2Y925417

further conprising infiltrathing at |east a portion of

7 the interstitial and vascul ar structure of the bone

particle with the polyner 8 precursor.

1
2
3

119.

120.

121.

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 portion of
the interstitial and vascular structure of the bone particle with the polymer

preécursor.



