MAKI NG SAME ' BACKGROUND OF THE INVENTION 1. Field of the Invention Thj

i nvent i oworeelogises to a porous three-di nensional osteoi nplpeniuseonIsss Si Ng
low | 0 15 density coherent matrix of bone particles and to a nethod for
maki ng the osteoi npl ant. The osteoi nplant maintains its shape and

cohesi veness upon absorption of fluid. The porous, absorbent osteoinplant
of the invention c Mn ﬁh"\? , yare or rectangul ar
bl ocks, cyli nders,% > v,%.’b M@@%e with a preferred
enbodi ment, is provided with one or nore cavities which can be filled with
an osteogenic material which pronotes and/or accel erates new bone formation

at the site of inplantation. Such cavities prlmmmmlllwmmu“”IHss or migration of
t he ost eBHEHCROUND OF THEINVENTIONNe  np| antlé 2. Description of
the Rel ated Art Shaped or cut bone segnents that «gansoptionally be rendered
to beSost eoi nh@&lﬂo&heimv@m% demi neral i zati on have been used extensively
to solve various nedical problenms in hunman and ani nal orthopedi c surgical
practi ce and Thiginvention relajes tb @ potoasthedesiimensional detdoimplanheoniprisings laf , e. g. ,
cosnetic and reconstructive surgery, dental reconstructive surgery,

podi at r y density tnbpretinatsx ofikane pauiclgeangd taa chethpd for mmkohigdlad osfeomhpdmt.i Theol vi ng
surgery of hard tissues. The use of autograft bone (where the patient

pr ovi des ofttrémplontrmadntaingitd shapecdnt] chitawereshigpon absogttion bf fliidi Yhapoaduspf t he sane
speci es provides the source) or xenograft bone (where another individual of
a di f f er ebsorbefiesicsinpiunov tHemvédtion sayose)s ang dedied shapowy.,isquasodrh hunman and
veterinary nmedicine. In particular, transplanted bone is known to provide
suppaot , rqfasmirdldteslcyinders wedge§) anythe Hkd, hndSia aceRatawith HpeRned enent s (such
as vertebral bodies), pronote fusion ‘WO 02/ 05750 PCT/ USQOL/ 22853 (where

bones ar embétEMeRds pRvIIE@With 8@ dre bAVitRs Whith 08 1 filfed Wil afREtBdéic OF
stabilize the sites of fractures. Mre recently, processed bone has been

devel opehateRhGyREAREMR0ELindMR Gcdebrid@eH WO HRthatRRAL the Sitd IRFplaRitiRS New
materials for inplants that were historically made of nonbiol ogically

derived REd&GLIRbSprevint O[3 br RBRGoA Sf HO\QMIgbfc NAYRIARAFREARELCL I ve and

ost eoi nductive capabilities, although the Osteol nductive properties are

limted gﬁg nQfe. t he necessary tissue sterilizing and cl eaning procedures

associated wth harvesting these bone grafts. The term osteoconduction

referg to th ] I nee- di mensi onal material to conduct the

ingrolévth of ﬁ%ﬁ‘?ﬂ%%%ﬁ@‘ﬁ?ggﬁd around its structure. The term

ost eoi nducti o r bi L. recrujti | ur l.pot.ent cells
@aé%c{ cit l;o%fa %%ﬁe?ﬁ é?a?@a |0P\H()al$’a}ellx ?IL g,g]gere&l lo bte %gte&P&luc

of the patien pronot i ron 1rto osteo ea‘g?s, whi ch

b i ng.. I t eql t] terial wll. typicall nb
o, Done AR LSS SRS U5 RSl b Rt 1 Pone
le, th ent . dem | ] . b wd i t I f
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; €3e$23$, , -/ v"0262T23kWD 02/ 05750 PCT/ USOL/ 22853 OSTEQ MPLANT AND I\/ET .

Pat ent No. 5, SOé SJaICiI descri.bes a s r’%iﬂcal I%/Wi n‘pl ant abl e,.sheet forned from
el ongat e ®BoREMSH FHTPeRDSIYCHY %’ﬁ%ﬂq’;‘je SV StEE Y BMiA e ni ner al i zed. The
sheet_may further contain bi oconpaj.i ingredi ents, adhesives, fillers,
oot pbpae i ey 89 250 PG PR ALISALBYOITIgE Firgeri oBNA MV TUB1 v ot ong

when dry and flexible and pliable when wetted_or hydrated. These sheets are
sol d unddfe AAEORR eme@t%ﬁna&ﬁw&wd@tﬁl@ EQrespllogratt bone (Where another

individual of the same species provides the source) or xenograft bone (where another
individual of a different species provides the source) is well known in both human and
veterinary medicine. In particular, transplanted bone is known to provide support, promote

25  healing, fill bony cavities, separate bony elements (such as vertebral bodies), promiote fusion
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20 Inc., Eatontown, New Jersey, USA). These sheets nust be wetted/ hydrated
prior to use in order to render the dense matted sheets useful for

i mpl ant afyipRsideS. Patent No. 4,932,973 descri bes an art ipidraisal/2zmsgani c
bone matrix with holes or perforations extending into the organic bone
matri x. The holes or. perforations. are indicat to. be centers of cartil age
2nd’ bone (VIERORSARRTES R REras it pSRErofhEh B MR REssEs | § ving
tissue. WO 02/ 05750 PCT/ USQOL/ 228~3 U. S. . Pat ent .No. .4, 394, 370 di scl oses
a one- pi gf%“‘?ﬁo%é‘?’ief% Y’%%SS@%‘PTP%‘F}% &t fl%l‘iel"ipﬁ%'ﬂ’?°csé‘f‘%eﬁ frusninmey) v

dem neral i zed, bone powder or mcroparticul ate bone, and reconstituted

col | agen.surgial applicaiians, puas ngw spaterjals f%rmlﬁﬂta%werﬁ &ls*.i,qq%}%éaa%l? pon-

gl ut ar al dehyde. Another one-pi ece porous inplant is described in U S.

Pat ent Ndiolagigdly davied mpfgialsnp| ant i s nade up of a bi odegradabl e pol ymeric
macrostructure conposed of chenotactic grqund subst ances such as hyal uronic
aci d. SSUMVARY Adipgrifibone/kangrrraiy have gsteoepndeniive and asteoinductive gangbilities, t o provi de
an ost eoi npl ant whi ch exhi bits both osteoconductive and ost eoi nducti ve
propert i edthough thet osteginductiyp propertief are himit¢dheeavss ofthe uecpysary itigwe giariligingeoi npl ant
fabricated froma | ow density, coherent, three-dinmensional matrix of

deni ner al and eldaringyogedntes adsedatedheitieharvesting these bonergshften tThe ermapabl e of bei ng
formed into a wide variety of shapes not limted by the original shape of
t he bone(®)kofandmotioh refdrs tohthe (Epatilityl of s thageaditiensioneldnatérial kscoaducdiheect of t he
invention to provide a | ow density osteoi nplant whi ch possesses 15 an open
por e st r Uggroweh oftaew liviag bonesintohad astmbitssphiemie. The teaadstboindubs@rbfefsitoi ds such
as blood and yet still retain its original shape. It is an object of the

i nvenig onmé eupitibtyiofl exciuitingwhetiposht scllos tRopatipitand prolting ttie differentiativane
particles which is flexible when dry and which may be inplanted while in

the dry shtoteobidsts, Whidh bidbohéformidp @éls. Ak obtesindueufenhtenial txall BpRR¥ilde a met hod
of making a | ow density 20 osteoi npl ant possessing the aforenentioned

char act erosh b&®: if implanted into living tissue where bone would not normally be found. For

example, the placement of demineralized bone powder into the muscle of a patient will result
in ectopic (outside of bone) bone formation.

15 U.S. Patent No. 5,507,813 describes a surgically implantable sheet formed from
clongate bone particles, optionally those that have been demineralized. The shegt may
further contain biocompatible ingredients, adhesives, fillers, plasticizers, etc. The:
osteoinductive sheet is rigid and relatively strong when dry and flexible and pligble when
wetted or hydrated. These sheets are sold under the tradename Grafton®Flex (Osteofech,

20  Inc., Eatontown, New Jersey, USA). These sheets musf be wetted/hydrated prior to use in
order to render the dense matted sheets useful for implantation. Y

U.S. Patent No. 4,932,973 describes an artificial organic bone matrix With, holes or
perforations extending into the organic bone matrix. The holes or perforations are indicated
to be centers of cartilage and bone induction following implantation of the bone matrix into

25  living tissue.



It is yet an even further object of the invention to provide a nethod of
repairing a bone defect which utilizes a | ow density osteoi npl ant
possessiwg gfagrsaf orementi oned characteristics. These and pgetth®oy/ofssect s of
the invention are nmet by an osteoi npl ant which conprises 25 a shaped,
coherent, three-dinen iongi orous matrix of elongate denineralized bone
WO 02/ 0S7s0 P@ﬁ/m/@%é =%7§r41ﬁ° Sgs ONGPLACE FROVEES ab?ﬁ?ﬁi M I8esses a bul k
density of |ower than about 0.3 g/cnB. The open, pore structure of the

ost eoi nplfdlicated frem &ullydeminerabized hong pawdes opmick PRIk lats bane; gpchiseonstitied;
nature. The osteoinplant is flexible when dry (i.e., when containing |ess
t han abogpllagemeThgisponge-like eraftigentionallyregpselinked with glptagpldehyde: i ne consumi ng
rehydration prior to inplantation. It may assune any desired shape and/ or
conf i gur at i onAaetterrong-pisee paroys implgnt is dgschibednm YiSc Bateny Nos 8,68%45% dher e and/ or
after the inplant has absorbed fluid. Even in the wetted/ hydrated state,

t he os$t edinpiphtastnadsfuptotie biodesradablsrpolysierit aacrostivciraxonpiosesl of Sheapndactierd
coherency, and can be handled with ease by the nedical practitioner. The
ost eoi nplgeound edbstates such anbyabmonmiepeidésent s a si gni fi cant advance in the field
of bone grafts because due to its |ow density and open pore 1o structure it
i s both SUNMMARKOEXIDINVENTEONNd functionally versatile and due to its
dem neral i zed bone content it exhibits excellent osteoinductivity.

Cst eoi nduct i VitliyanGdfechst teOifventioe i providi i dsicbinthint®hich exiabisbath of bone
formed in an etopic site in an athyinic nude rat. Scores are rated O to 4.

The ost eQkiBoadichiveindlobRoindueaind properfieshi bi t osteoi nductivities of at |east
2, typically greater than 3, when neasured in an athym c rat assay as

descripbed in #3s FOORGAS telinvdati6® BR6Vidd-hn oaaitdRnOBACRA frda®h R nduct i on of

Human Dem neral i zed” Bone: Characterization in an Animal Mdel, din.

O khop. Iﬂ%é@ityﬁ%ﬁcre Stfre-Hmerdiond] had) oﬁd@ﬁﬁﬁfﬂi@&%oh@pﬂﬁél@ Wherdin fR6anpl e 4

her ei nbel o e osteoinplant of the invention can be conbined with a w de

vari ety Q)fsteoinﬁ}% &gg@%f%kﬁa ShaaRS Wik 6RieF At shfed R liREESHmL Nt O the

porous matrix ost eol ant 20 and/or I'nto arge cavities,

depr essi %Qiéiélf‘ﬁsﬂ etol?&elbioﬁe?sgsﬂbgf Flgﬁﬁfipg?%gg%rgﬁgﬁghnpl ant. , Thus, the

i npl ant he unctions ctive carrier and/ or delivery

vehi cl e for bgne-gn i nduci.n X 1 i ;

Lent ol o 0" DAIEHAM L hORYSAONRLy BB STty oS

dorm i a1 SEeP s SR T E oW et s mienclotholy SO s itn HeRET' Do
particles with.a wetfing.agent conprising water to provide a liquid 4 WO
02/ 05750 aﬁ&?tﬁggﬁ%‘éﬁﬁ%wg%@?'ti on containing fromabout 5 to about 40
vol une percent .swol | en, drat.ed, bone ticles, pl.acin he l.i.guid
conposition i i“%lanrﬁh“?‘if °fﬁ£%'f’?' op FPeprPYlﬁ%i‘, W H%%?F@?‘B}?Hnﬂt_‘ﬁ%’ﬂ@w&f‘g’g’t anti al
Ut 1 o1 eromd B iroguha fr s PRELY i BRh TRkt PG O EBAE  an

ost eoi npl ant canpri sing, a shaped, .coherent, thyee-dinensional porous matrix
of el ongate d&if Hivethey Eﬁt?félf‘f'em}’fé‘?‘?’i‘fﬂ%%v‘éﬂ?éf‘@{‘W %fé’i“ll}mr%lf’?’%e‘ﬁg%sesses a

bul k density of |ower .than about 0.3 g/cnB, .
20  ostedimplant possessing the aforementioned characteristics.

It is yet an even further object of the invention to provide a method of repéiring a
bone defect which utilizes a low density osteoimplant possessing the aforementioneq

characteristics.
These and other objects of the invention are met by an osteoimplant which comprises

25  ashaped, coherent, three-dimensional porous matrix of elongate demineralized bone



Further provided in accordance with the invention is a nethod of repairing
and/ or treating bone conprising inplanting at a bone repair site an

ost eoi nplwa@nd2/0afsch conpri ses a shaped, coherent, three- dipgarnsooesss por ous
matri x of elongate dem neralized bone particles, 1o wherein said matrix

[k densi il han,_about. 0 3.9/ cn8. . Th i npl f
Phe. | nvererisksetrepiad s asseshe R dhyvprngh iffsgd Enloy (he Doay

and can be utilized alone or,i opbi nation. wi.t ne. or re adj.unct

e cal. deer bss G U otroimrut P BOBR it AR R R RS on 11 nas
particular utility in the areas of dental reconstructive surgery and spinal
f usi on M@P@“@u%‘&ﬁ@%l@iﬁﬁ)@ﬁ?’? ‘6#6“15‘866'3'??" grFontaming less than g“fg and/ or

bl ood, are frequently encountered, or where autograft (e.g., .|ocal bone,
mar r ow orweight aercest water) agd doep npigequie dinsspusEdng rRhYdFLioB SHEJP iplaitionThe

uni que ability of the |l ow density porous, osteogenic inplant to absorb such
body f5 uiltimayisermeany desitef shape andior configuratign Ard manba ait. edn vatspigicah
significant advance in the nedical field. 20 BRI EF DESCRI PTI ON OF THE
DRAW NGS sFissprs, tiefprs and/pitefieothe apiplantiipcibserbesdt fnid Evepén the wetied/hyidratadi ng

enbodi nents of the osteoinplant of the invention in various shapes and

si zes; Fistate, heiostecimphot afghcaipyentibn maintaingfits orgine shapk amd eohofeneyhandicawbart i on
possessing a generally cylindrical configuration; 25 Fig. 3 is a photograph
of an osthaosdlepligintaspbytie aedicalpratitoned dicestevitiplanhef theiavdntiog spresan® 202/ 057s0
PCT/ US01/ 228a3 of the present disclosure wherein the inplant is provided

wi th a prsigificaddeave nytheofield efiyons grafinibeckisg duettodis ter ddnkiyy adppedt ora nol d

whi ch can be utilized in the fabrication of an osteoi nplant such as that
depi cioed striicthiedt.is Both highgitkteddontiictive drdHundRbkalRRESatI/BAFIuENES | n order to
better understand the disclosure herein, including the clainms and the

various fetHiticBSized tdfe Etidrd WekBibitsSexdellot dstedihd@hiois absteodidut wvitiBartled
expressions intended to be
conveniently quantified as the amount of bone formed in an etopic site in an athymic nude
rat. Scores are rated 0 to 4. The osteoimplants of the invention exhibit osteoinductivities of
at least 2, typically greater than 3, when measured in an athymic rat assay as described in
15  Edwards JT, Diegmann MH, Scarborough NL, Osteoin&uction of Human Demineralized
Bone: Characterization in an Animal Model, Clin. Orthop. Rel. Res. 357:219 225-_( 1998)
(described in detail in Example 4 hereinbelow).
The osteoimplant of the invention can be combined with a wide variety of .
biocompatible substances which can be introduced into the porous matrix of the osteoimplant
20  and/or into large cavities, depressions, and the like, produced in the osteoimplant. Thus, the
implant herein functions as a highly effective carrier and/or delivery vehicle for bone-growth
inducing and/or otherwise medically useful substances.
Further provided herein is a method of fabricating the osteoimplant herein which
comprises providing a quantity of elongate demineralized bone particles, 'mixing"the elongate

25  demineralized bone particles with a wetting agent comprising water to provide a liquid



non-limting and understood in their broadest sense. Such terns and
expressions are also intended to refer to any and all phrases of |ike

i mport. wwefdaekispons of ternms and expressions 1o utilizedplpgnsommase al so
found el sewhere in this disclosure and nay not be present in the glossary
of terms below The term"osteaoinplant” as utilized herein is intended to
refer toCYRRPSHISY FoaIBng ﬁ‘&F\a@i’P‘gIS tp ghouf ,4}8|vgﬁp1gtpp@ﬁ1tiswol|lqnvli1}ﬁi§atqdi 8fie that aids
or augnents bone formation or healing,_ including the induction of bone

f or mat i oRauiples; lging thediguid campagition;in a golde heating thg Hiquid sompesttioginthe 15 as spi nal
cages. Osteoinplants are nost often applied at a bone defect site, e.g.,
one r esulsulistagtidl plamdersif progsurens f damperatuseigtove ApELfor aperiodgf time suficiensdo of
surgery, infection, malignancy or devel opnental mal formation. Therefore,
such " ostamivaplatnpeienhindhewetiisg agesido povide ian gsteaimplail cpmgiisiegla shapeds haped as
required for use in a wde variety of orthopedic, neurosurgical, and oral
and naxi lcblptens itlate-gitegsicial paowaaadtix efelagath dersinefatizaddond partidlessitepire and
conmpound 20 fractures and non-uni ons, external and internal fixations,

j 0i Nt r eggARhiitGobess SbUR dagitpstibwademiabout@geml. arthropl asty, deficit
filling, discectony, |amnectomny, anterior cervical and thoracic
operations, spiiiR} providb®mSaccdddhce Wiehe ivestionti £mehbeof repiriiplandmt i | | zed
herein are intended for inplantation at a bony site and are nmade of

el ongat e yd&Ho MR InfRiFink HSlaRRE i £HRE rPfr ki dsiointplmOWhich aéhizedd t h any

bi oconpati bl e material (S), e.g., bone or bone z5 particles not possessing
an el 0ng%ﬁ%e@,@ﬁﬁér&ﬁ'ﬁ%é-ﬁﬂmengbﬂﬁBS?Bﬁstth{rifoﬁ&éﬁgﬁ%@eﬁhﬁ?&ﬁi%&&h@ﬁaﬂiﬂé@@ 02/ GS7S0
PCTI USQOl / 228s3 conbi nati ons thereof, etc, and nay be designed for either
ani maj, Orwﬂé%ﬂpsgid%zﬁﬁx }T&@ﬁgééra%lk%fnﬁl?'gn hRPthan ued B gl t gy ef ore utili zed

inits broadest sense and Is not ed to be imted to any particul ar

h ’ £ r ’ y ; _ b Uil e
Shanes . SeERRRR AR5 b o BN AR ORT oKl S I ROTRRL 1 o
e Snbl e B ARESPhAF U S Bk bl bt Bhrgesponces |1
which elicit t abl i | t, i ent, inf.l i d/ | ati
L e's‘;pnieg‘ffgr@iéﬁﬁﬁz ‘é‘%ﬁi@pﬁ‘woo‘é‘mgx%ﬂ@%nﬁﬁh%faﬁﬁfﬂf;@%%ﬁiea?gf&é@‘Et Tl zed
erein sha e.under stoqd .as referrin o,the a i . an ..

t eof mpIFHESTBEE HERD AR PPIAR (e le BHESGPLR s Ry Bisheer PlRe 1
g? re;tc)”rgprre hani s;s such a‘s ost eo gnes's, orglfe ondlléc ion and or .S. ° oy one
o5t eolSnd ey PERoodT RS TEaveHly EHSPRIEFES, AL Wasrs PPRRFaftio £ HcalioT PATYY 8F A% at o
dem neralized bone particles herein refers to e}tﬁg 0‘ nfd .or regul ar form

( .d
or conf i GERBPIFH MGORPOERIF indke ostepiaplant. e LRIYG 4p4te of the low density porou

osteogenic implant to absorb such body fluids and yet still retain its original shape represents

a significant advance in the medical field.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a photograph which depicts several non-limiting embodiments of the
osteoimplant of the invention in various shapes and sizes;
Fig. 2 is a photograph of several osteoimplants of the invention possessing a generally
cylindrical configuration;

25 Fig. 3 is a photograph of an osteoimplant produced in accordance with the teachings



or vague formor configuration (as in the case of a lunp or other solid
matrix of no special 15 forn) and is characteristic of such naterials as
sheets, Wwoah@s7sodi sks, cones, pins, screws, tubes, teethpdruses228®rti on of
bone, wedges, cylinders, threaded cylinders, and the like, as well as nore

conpl ex metric.caonfiguratians. The term ycoherent"” as lied to the
T off BF e SnaemRuparn B BRds AL FELS pEREme RS TR 2bi 1 Ty o

t he bone partjicles to adhere to each other either nechanically, e.g., by 20
ent angl ef8MESSI98r by use of a bioconpatibl e binder or adhesive whether the
shaped material is in_the dry or wetted, e.g., . hydrated, .sfate. The

expr essi on "tﬁxgefég@efﬁélﬁémmpmo}dé'ﬂé?lscapbetlﬂgzeém ¢ fapriggtion kANt 1 x of

el ongat e deni neralized bone particles to assune any desired shape and/ or
conf i gur asteeimplamhaucksfhetslepisd mdpe s pore structure” as it applies to the
matri x of elongate 25 denmineralized bone particles shall be understood as
ref er i nd PIION O Ak PREEERBEDEMBORIMENTS 5750 PCTI USOL/ 22853
sponge-like nature of the matrix in which there are a plurality of

accessi bl e polesgdgrto bﬁt@nhmigwamﬂwtdisaloeufgh@?siénimcltlﬁn@ﬁlghgims andéheent i re vol une
of the matrix. The term "incorporation” utilized herein refers to the

bi ol ogi cahkricmsdigars,se follewiapys dyasial glossaryef termsianal dxpressiys intended fode

osteoi npl ant of the invention with native host bone tissue. This phenonenon
is al so lmondimiting dnt @ndeestet in their bidatiest senser Suelstetrhoand exmpnwBodas amglso or

"cel lul ar based renodeling” and "wound healing response”. Therefore, the
term "i nGaegied & iefento dtlyiahd Ziephrives €f like shpdrt. Ihdinitivdesfytrondndiexpesstiomci Nng what
is known by those skilled in the art as the various expressions set forth
aboveyy ThgiligeRuSdrolso fouhd Bisewhefedi thigdidclosai® atid inhy A@be ket th thef ers to
procedures such as, e.g., 1o |lyophilizing, cross-Ilinking treatnent,

re-m ner alidsgaay bBmsHeRyw. | | zation, etc., perforned either before, during or
after the step of heating the liquid conposition as well as post process

procedures sugfe @fm "SutdhimplFRCI VRl heteRSiS int@ldedoeker 10RhHENAbe o@SSenDl i ng of
parts, cutting, mlling, reactive etching, etc. The osteoinplant of this

| nvent i oy, £ONPEr arﬁatfb%hf[(iﬁﬂé 14388 fhhPhidifor Rl AR LB AR RErAlhged bone
g a bu

particl es possessi ensity of |ess than about 0.3 g/cnB. The

el ongat & (fSIHiARRE ahGbn P BohotBilatiG f30f BEIE r GANI RPHpIHR IE s LiERN Si Onal
matri x possessing an open pore structure. The matrix readily absorbs
fluids, d i . ' [ [We WAVZe] :
o 055 3B koo AU PRSNGSRl U

CONCSI Vet ) HRBH Sol A0 AR HE Lol b s, BRASRRS, bl 2t Vel Y

developmental malformation. Therefore, such "osteoimplants" are envisioned as beiﬁg
suitably sized and shai)ed as required for use in a wide variety of orthopedic, neurosurgical,
and oral and maxillofacial surgical procedures such as the repair of simple and compound
20 fractures and non-unions, external and internal fixations, joint reconstructions such as
arthrodesis, general arthroplasty, deficit filling, discectomy, laminectomy, anterior_lce'rvical
and thoracic operations, spinal fusions, etc. Therefore, the osteoimplants utilized herein are
intended for implantation at a bony site and are made of elongate demineralized bone
particles optionally in combination with any biocompatible material(s), e.g., bone or bone

25  particles not possessing an elongate configuration, biocompatible synthetic materials,



20 nedium length to nmediumthickness ratios. Such el ongate bone particles
can be readily obtained by any one of several nethods, e.g., by mlling,
shavi ng wio @learsong t he surface of an entire bone or rel atricraispibmsge
section of bone. Enploying a mlling technique, one can obtain a matrix of

el ongate bane particles containing.at,|least ahou 0 wei gh ercent,

pr ef er abfY™ aq%E%l reﬁfgﬁtﬁ’tan 5’3%3?? a%fg"ﬁ%%oéglrsﬁlfe,r a lt‘ﬁg’é‘fna’b}‘%f g’Pg}ﬁW at | east
about 80 wei ght 25 percent of el.ongate bope particles possessjng a nedi an

| engt h ofos&t"g'%ﬂlg}t%‘%}ﬁ ‘Sefﬁ?f rﬁu%%t%lm b’\?\ﬁ?“étﬁgﬁ%ﬁéglﬁéﬂ‘% ‘"1‘12‘2%@53 gr eat er
than 200 mm and preferably fromabqut 10 to about 100 mnm and nost

pr ef er ablifnited 9,30k paticularshangs. sizesa sRNPEUBHCNSNOT aBPYeAHOSN t hi ckness of from
about 0.05 to about 2 mm and preferably fromabout 0.2 to about 1 nmm and a
nedi an wi dt h ‘Bie temmprhiepempetible”ard expressiont of dike importshall by widerstopd {p feom about 2
to about 5 mm These el ongate bone particles can possess a nedian length to
medi af t i thesaanterialstwhicheflici no inagesptabls datrin®ntal biplogwalgbrponsesmohel or nore, and
preferably fromabout 50:1 to about 100:1, and a nedian |length to medi an

wi dt h r atdcipienf infwhich thesoare imilanteda Thug buplent2 Msteoimphantywhsheslialtl y f r om about
50:1 to about 100: 1. Another procedure for obtaining el ongate bone

parti cl esgceptable,ingild, transientinfdnmhationrand/vegramlaion bespensef areiponsidembout 100 nm i n

| ength, is the bone processing ml|l described in comonly 1 o assigned U S.
Pat ent NoiocamifiBle269. Use of this bone mll results in the production of

l ong, thin strips which quickly curl |lengthwi se to provide tubular-1like
bone parti cl eFhe tefm tBRbgenit’ aehiilizediheeih sindl leandérstb®baseefarring tathastdbkyi nt o
different sizes (e.g. by sieving) to reduce or elimnate any | ess desirable

Si zesp Obf MmAdstcbimhpant WinfiincBBYyachderte @igibwthlof n®V Boid tissuiR PP @A adige €l ongat e
bone particles can be described as filanents, fibers, threads, slender or

narrow SiretiRsismé Budhlat osté¥gehBRSdstcabMdilictiof al®bidtiteoBictiBRL . NDre preferably at
| east about 60 wei ght percent, and nost preferably at |east about 90 wei ght

percent of thﬁmeﬁ@ﬂ?“sﬁ?eﬁi’54éfoﬁliéﬁﬁ@%ﬁ@ﬁattiiﬂoftéﬁﬁlgmhéﬂﬂﬁeﬁﬁzeﬁIB@né)p%hﬁﬂE.s”p| ant
herein are elongate. The balance of the bone particles can possess a w de

range of h&Eﬁ?@EﬂsQ@§det@mﬂ1ed,oné‘éﬁ'l§fﬁgT 6P RBgurBlidn, in /Rt fafaa%d%ﬁmﬂstepart icles

forma 20 coherent three-dinmension matrFx which I nparts cohesion,

3 ai'nefist onal " Cohesron,
Phe.t abt PEaprEReE e FRtuiatol (1Ei 68 (AR or I oIRGB BEATRERAL Cor dance
Wit KNOYG S0tk COMYENLARNA o RS S5l OLAPtLOCLEINGR LGl | T gani ¢

m neral con mneralization ne rgani ¢ mneral , 25

[ The. apire ebGifeys By Sfodih Beter, Sntbis b R A el oy O

Proc. Na'gN.el,g\Sc%gfe%cilexGQdm&;lo %gglﬁr 6&)}? (1972), incorporated herein by
ref erence -lnerel n. € §freng°t‘h of e aci d sol ution, the shape of the bone

particles and.the duratiaon of em neralizatiqn treatment wll determ ne
Phe. ext ent of TifasmhepBieeidae apnticti M RANEE o e Splng R e hecatce 1o
Lewandr owski , e l..... ionied 5 erials s, .31, 365-372 .(1996),

al so inch %P&f‘%%ﬂ% Pg,fhﬁ §B§F Rapicles é‘?l:%i‘?m (,eagh g&‘@f %‘?‘FHH&EQH? &%+ Pat i on
procedure, the bone particles are subjected to an aci em neral | zation

D o ol FUREITRIEAT LTS oL f RGpeme i SOuPy adhshe MhaBon Soma a6 ar o
imrersed,in acid over tipe to effect their dem neralization. Acids which
can be eﬁﬁgﬁgﬂé{d’ri"‘i‘?“?q’lf’-gﬁgft"gﬁeq’ﬁtéﬁeude i norgani ¢ acids such as hydrochloric
acid and organic acids such as peracetic to acid. A preferred

def atti ng/ di sipFexpreasion ‘dyperdimspsional Jafersdo dhsabiliboptthe marip pf dengaléol , t he

et hanol being a good solvent for lipids and the water being a good

hydr ophi A¢minerglized bpng pariglesiie assympanyesited shape endferronfigrationnr e deeply i nto

t he bone particles. The aqueous ethanol solution also disinfects the bone
by killing vebesespressionyioperopnre/ Rl agH@pplies tithematt ofeldngwder i | y, at | east
about 10 to 40 percent by weight of water (i.e., about 60 to about 90

wei ghts pédersineralizedl baed particlesghallhsrndessterd asgefatring baothy loyhdambity dbsotpenésent in t he
defatting disinfecting solution to produce optinmal |ipid renoval and

di sinfection within the shortest period of tine. The preferred
concentration range of the defatting solution is fromabout 60 to about 85

wei ght percent al cohol and nost preferably about 70 wei ght percent al cohol.
The



20 treated dem neralized bone particles are rinsed with sterile water to
renove residual anmounts of acid and thereby raise the pH The wet

dem ner aligzR@sSpongat e bone particles can then be stored pendgoiamsptic
condi tions, advantageously in a |lyophilized state, for processing at a

later tinme. an alternative to. aseptic progcessin d storage, the
particl e@oé%ﬁ%‘%r%me? %W%Wﬁ’@ﬁlaﬁ%\ﬂﬁe ?‘r&f’ﬁﬁﬁ'so, a %ﬁ?f’?e REEFHR OPYYRESi at i on.

25 As utilized herein, the phrase "superLi cially dem neralized" as applied
to the bUh@hE@PTGWW?P@’PBﬁEmWQB&'P‘QQ@ Syt icles refers to bone
particles possessing at |east about 90 wei ght ercent of their original

i nor gani ¢ ni nEredpre Oneasprrationhutilizad herainrefers {q the piplogical meshanism wherebs ~appl i ed
to the bone particles refers to bone particles possessing fromabout 8 to
about 90hesstigshe graduallymeplases thpesteoiaplpggiof e mverticgavithonativekasthone gguent , and
the phrase "fully dem neralized" as applied to the bone particles refers to
bone par This pkenopeseris sise fndvass thetseiantifisdiratgre ap bonsrrampdeling'ser "edlafer about |,
wei ght percent of their original inorganic mneral content. The unnodified
t er m " debasedremtddzl” and "vaqpt heading cespdnse"h dherefoss, thedd¢ra incorroratientied t o cover
any one or conbination of the foregoing types of dem neralized bone

parti cl estilized pexeinishalbbe \@iderstasd asembikeing veiagds kaawn nthpseakidied i theart ascl es
containing a mneralized 1 o core. Particles of this type increase the
density @aRdafibuiedproysion sdthathasbeoi npl ant, through their nineralized core.
"These particles also play a biological role in bringing about new bone

i ngrowt h by OShebrdiied 1fother fredtrheriessiutitized e refers tp PRGEIUS spavds] 4.5 i N
which nearly all of the mineral content has been renoved fromthe

partigl esyophifibing, Cr@8-linkif iréiméx, rb MiferiidMtic, S6rilEatidn, boyip&fonged Siter

osteoi nductivity of the osteoinplant. Nondem neralized bone particles act
15 as a $lfole @l or REQ YD HEMR] nd 111 cbinBsitioh s Well a{@qu%&gg mpl ant .

Non- deni neral i zed bone particles also play a biological role .in bringing

about ne?’ro@%‘i’esisﬂ%ﬁ%}'\%.g., HXchfrgﬁ%, 1%a%fcgﬁ.g,g‘%ﬂ&aﬁg,%&teﬂ.emaﬁpgﬂs, clifing, these bone

particles are gra renodel ed an aced by new host bone as

i ncor por at:4: . i mpl ant progresses over tinme. Wien prepared from
bone par ﬁ%‘?g’srg{cﬂg{]&%@%’gﬁhost exclusively fully and/or partially 20

dem neral i zed [ | i Wiyl xi bl e and

el astic. V\hennﬁ%&?elo%ﬁﬁelgrﬁto Egl&s ar‘a3f?élno'“lr(l)gﬂg’rlﬁk érgl\él?:a e%réz}{(ga1 anc?/f ggné%%erfi cially

e 181 o PRl S o LB e puPOTBBRPRHE 5 oo

and rigidjty. Thus he,use of . canbi natj.ons of different bone particles can
o useq Elonbiedetterstad soichedheies REBLBbbRgs Biositipormiof malf ookl ©
rigidity, osteoconducti vit nd/ of. steol nductivity...efc..that are

a0l or et BPE gt e TuERrly Fet B heudr stk rinttet beafon T © vo
U2/ Us7aU PCT/ USU 1 /22853 type of bone rticle enployed can vary wdely
dependi ngaFR™ Hito H%Y:‘H%ﬁ‘iﬁ'é‘&?' @WH F%Pt@é‘i"gifudﬁrrﬂbeﬁ@ﬁ Sé’ﬁ‘ﬂ’é‘?ﬁ?g‘ﬂ?’“‘éﬁer ally,

t he volune rati o of nondeniperaljzed and/ot. superficially dem neralized
bone par tﬂﬁé‘raega%COBaﬁl‘fqnaqsrwam epaclos yizedharein possess b%%gﬁzﬂ i cl es can
broadly range from about 0:100 to, about 40:60, Suitabple a})ﬁrmuaglts can be
readi20y medEnpength taypedipp dhickagss ratiog. Pyehielapeals bongparicles,canisyeadiXe pasis by
routine experinentation. |f desired, the_bone particles can hbe npdified in
one or n9PBIngAPx anyeong of sevew] metheds; @e-rbyBilingnshaving oplaning,the sirkge ef 2ty di 1 i ed
as described in U S. Patent Nos. 4,743,259 and 4, 902, 296, the contents of

whi ch ar entir bengerelatinehipree sqciprpihone cbmplaying a milling technique, one can

obtain a matrix of elongate bone particles containing at least about 60 weight percent,
preferably at least about 70 weight percent, and most preferably at least about 80 weight

25  percent of elongate bone particles possessing a median length of greater than about 1 mm to



The dem neralized el ongate bone particles are then conbined with a wetting
agent 1 o described herei nbel ow to produce a conposition containing from
about 5 o @ewy 40, preferably from about 10 to about 2Pcmdoupmsper cent
el ongate dem neralized bone particles, the remainder of the volunme of the
conposition conprising wettin genf optionally in copbination wth one or
nor e bi o&BAEEAPHIY @@ﬁﬁ@ﬁ@ﬁﬁt@%’%&?}ﬁ aé@;t é E?@Bﬂ‘ﬂdp? B apd Wag,pgqfer?l?ly | ers,
fibers, plasticizers, biostatic/biogcidal agents, surface active agents,

bi oact i v&omRgbALLS mm tozhgut WPenmp; gaaedipn fhickusss ofdtom shout-PrtoabAl W) . The
wetting agent will cause the dem neralized el ongate bone particles to swell
and i ncr endpreferablyl feom phaut €. to ablent Iomrad i median width oplern abapt 3 mdiesi st ency
ranging froma slurry or paste to a wet dough, depending on the anmpunt of
wetting abenl0 owednd Mhferablyi frane ahoub2 peabputiSommh Ahese plongdtobangmertileneanpart i cl es
be suspended in and evenly distributed throughout the wetting agent. This

i s t 05be possessaasdiad langthtto mediatt thidkn@G rétiaif aideasirbouidiLinptogboetditbel y assi gned
U S. Patent No. 5,507,813, in which wetting agent is substantially renoved
t 0 produaerq anepeferabbyt fraf ataan£0: ptrdbogt 166:1, aide nediap denigth tomedgntwigth cal | y
formed by m xing bone particles and wetting agent to forma liquid slurry,
sti rri ngritlefSotrdbyut10r1 aad about 200: & apdprefeehbdf frém abous 50:1 tocdbent 100d. al | ow t he
wetting agent to penetrate the dem neralized el ongate bone particles, and

r enovi ng ARRMegFroddauiddbit dbiiniadétdgatetbodie partidlespipaaficulanly ubdtuifdgpiects 6f eve,
sufficient to provide a conposition 12 W) 02J0OS7S0 PCT/ US01/ 228s3

cont ai ni wend sfapteRsodt 100 thifl itleRh, idhe bBiedredeatitigmillidestriBEDintcohohly about 25,
vol une percent bone particles. Suitable wetting agents typically conprise

wat erl_oanqssr@éd o4 iPRRAING, 55607,56% Uk REMEIRnONALRHMA I thE Brodictishdslongich as
organic protic solvent, aqueous solution such as physi ol ogi cal saline,

concentr ?ﬁlﬁ Igtggﬁhfaﬁ' qr?iﬂ%/l&' ErPREghWHOR proRid b ike bORY fartiMsU it RBRa0f any

ki nd, an pol'yhydr oxy conpounds such as glycerol and gl ycerol
t ' an\be’ i ﬁlss)ze N, r f.
g;tﬁgial%3%¥%§§&kﬁ¥#§%§§aé%ﬁ%“%%ﬁﬁﬁ%%%$lse %ﬁggg véﬁ“%?éa Eﬁﬁgg therein one
4 . _ . . b . o ’
or more SRR Il SRS LARG SPoHGR ARhAAR ALY h?owgkﬁpaigéaﬁangé’, ers

pl asti ci Zers, I 0S al agents, ace active t

e AR Ak TR oL p

incorporaged herein. Suitable binders include cyanoacryl ates, epoxy-based
conp&&nd§f‘dental resin seal ants, dental resin cenents, calcium phosphate

d | ci | f at | {i t S5 gl [ ts,
ol yrot iyl ot aarghaf 50 vEEhiaerint GO oY alb L fau R RE B IS oy ot i n and
Cuch 9s. a8 pareradl s g gt i B e el e EpSere R BaRoT Y S,

I | agt , | hydrj des, t | I t ,
Dol am namts e pRRMRpIEATER sgEel DS AgTes e DsIATS he GRVBEER at o

ol yhydr oxyval yr at e ol hosphazenes, and pol yvi nyl rrolidone,
POl yhy a v¥ide ra¥1ge of dhngnsio¥1£ e.g., F[)aowders, chips, etc. Tge elgngateybo%g pargcles f%rm a

=

20  coherent three-dimensional matrix which imparts cohesion, porosity and absorbency to the
osteoimplant.
The bone particles utilized in the fabrication of the osteoimplant herein are
demineralized in accordance with known and conventional procedures in orc_ler. to reduce their
inorganic mineral content. Demineralization methods remove the inorganic mineral ‘

25  component of bone by employing acid solutions. Such methods are well known in the art,



20 etc. Suitable fillers include bone powder, dem neralized bone powder,
porous cal ci um phosphate ceram cs, hydroxyapatite, trical ci um phosphat e,
Bi ogl assweandosmster cal ci um phosphate materials, cal ci um sgrfdbe22853 cal ci um
carbonate particles, etc. Suitable plasticizers include |liquid polyhydroxy

w0 02 ossartpeaied et Bl redt NIRAREE Sh Bt LPG PP e PuReAC Lo

anti biotjcs, ,povi don sugar s capol ysacchari,de et.c. .Suitable surface
active ai&eéﬂ{’gi?f%ﬁ’lfﬁgé‘te}?eqﬁle&%%ég Eal?laéﬁﬁglﬁ{;l%h’f,s}s’@gp%ﬁﬁib8?e %tii ¢ and
anphoteric surfactants. It will.be understqod h hose skilled in the art
t hat thearldc}ﬁeeéﬁ‘i‘tf?ﬁ o?ﬁﬁtdeﬁné“ef‘?@tzaqoﬁffém “f‘@gﬂ‘éml% Gt eand t hat ot her
material s may be . enpl gyed such as those disclosed in U S. Patent No.

5, 073, 379MPHEZELA GEeTse TS cREsE BaY broeids &b LeemdisyeRist ah-enbemidr of n.

Bi oactive substances incl udebq?h si ol ogi cal | X or pharmacol ogi cally active
subst anc¥eterigisRen i, npctoari7y ( %g?'ﬁ? wePpepied hergintby defigaee. Represent ati ve
cl asses of bioactive factors which 1 o can be readily conbined with the
bone parti cl d8aiprderiedalemgnegplization ppsiepdurs, shethenepartigles agesibissted aaniacidancer
agents, vaccines, adjuvants, antibodies, neurol eptics, genes and genetic
el emrent sddmyneralizatie stapt followeddw 4 defagiingkisinfedting ste nPhertone partidesare A | i st of
nore specific exanpl es woul d therefore include, collagen, insoluble

col | ageningrerieddn aoidever 8me tq effactithsifenhealizationd sA cidsdyhich dandpaieniplogédssol ved
therein, e.g., antiviricides, particularly those effective against HV and
15 hepat thisisgp irvhide morgapiyi azids senhchs bydrachidriviacitliand orgatib acids smely dshpeoumtici n,
bacitracin, neomycin, penicillin, polymcin B, tetracyclines, biomnycin,
chl onenyasdd.i n, and streptomycins, cephal osporins, arnpicillin, azactam
tobramycin, clindamycin and gentamcin, etc.; biocidal/biostatic sugars
such as dext rAprefeglet dofatting/disthféctaatdonion & adl Squed@PdoliRE of ¥thidIies, | norgani c
el enents, co-factors for protein synthesis; hornones; endocrine tissue or

tissue 2ehdnoblghifR Y good SYIREN ESH1iHRTs 9ad MO FMRESRUCIbod hy&BphiRgeRdE® Pepti dases,
oxi dases, etc., polyner cell scaffolds with parenchymal cells, angiogenic

drugs anghapRlihe/FBlutién ©3fchétRiSm6R bR indAhSbIRE psHibies  THAGhaueMdmt t 1 ces;
antigeni c agents; cytoskeletal agents; carti Page fragnents, nodified |iving

cel |'s sugilif akh ARAREMhESone BY RAlHFVEMNivE BlidrSorg B MDA BLesSt eM CEl IS,
natural extracts, genetically engineered living cells or otherw se nodified

living celdiswiyPNeatPadel 104646 Perddht B FeighitbtWateY (ie@abdift 65 A sboutdRNES OF
genetic elements, tissue transplantss,
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 fron; about 60
to about 85 weight percent alcohol and most preferably about 70 weight percent alcohol. The
20 treated demineralized bone particles are rinsed with sterile water to remove residu;l amounts
of acid and thereby raise the pH. The wet demineralized elongate bone particles cé.n then be
stored under aseptic conditions, advantageously in a lyophilized state, for. process;ng at a later
time. As an alternative to aseptic processing and storage, the particles can be sterilized using

known methods, e.g., gamma irradiation.

25 As utilized herein, the phrase “superficially demineralized” as applied to the bone

.10



14 WD 02/ 05p0 PCT/ US01/ 22853 dem neralized bone powder, autogenous

ti ssues such as bl ood, serum soft tissue, bone marrow, etc.; bioadhesives;
non- col | w@aneesopr ot ei ns such as osteopontin, osteonecti rrCTsie 25854l 0
protein, lamnin, fibrinogen, vitronectin, thronbospondin, proteoglycans,

pr ot ei . PRYERPHER Pomptr eiree g (e bt Co e pete AR it ogfBit, o ©
h ] t ei BVPS), ; t epi i ve fact, F).; fiLb ti FN) ;
e BT e S el O e L 12

ket anserin; human growt h hqrnmone (HGH); .ani mal  gr h, hor nones; epi der nal
growt h f @artigles referstp bongpagtiqles nepssssing fom apput %@ﬁa‘%‘t g&%‘ﬁ%}’f Pﬁrfﬁ’i‘b?fﬁl}e“p
transform ng growth factorg&TG:- beta); insulin-like (g.r owt h factor (IGF1)
(1 GF- 2) ; opigiaelanaganiemingradcopienivend the phrase ‘ily depineralized”; as apnlied & ther owt h
factors (FG-, bFGF, etc.); periodontal |igament chenotactic factor (PDLGF);
somat 6t r bphapartisdes eefels dekangparticlenpassastindlessdbanrabaut 8, piefuabbislopsthancbayt s
perneati on enhancers, e.g., fatty acid esters such as |laureate, nyristate
and st earlaweightpemestiof theirekigipel ipergimi¢ minerah¢optent. Theprmedified tder i vat i ves,

al pha- ket o- al dehydes, etc.; and nucleic acids; inorganic elenents,

i nor gani ¢‘deminprolined3as appliaitd thredbohepariiestigintendagito bevsi any dne onomipmation sol ubl e
and insol ubl e conponents of the i Mmune system sol uble and insol uble

r ecept or of thedbreghintypesiof derhinerafizedivone panticlds] e, i nsol ubl e and cel |l surface
bound Iigands including truncated forns; chenokines, bioactive conpounds
that are endosypedficidl or patisldeinieralizRivn produces paticles dontagrimygd minegtizadt h f act or
bi nding proteins, e.g., insulin-like growh factor binding protein '

(| GFBfg- 2)cotel BiBEledtof thik §fpBihdpdasd théFEkityoand rigitiity @f the loste i ling thrupheheo
pronoters, cytokines, interleukins, genetic material, genes encodi ng bone

pr oot i NGgnia&hiiR8 Sore CEhdsS pARALAIIN P LRO6SicA RAOT bRig Y ABoR hewBbneNg act i on;
growt h hornones such as., somatotrophin; bone digestors; antiunor agents;

cel | ul ar iﬁérém%g/%%cﬁn@f&ﬁoﬁt FACRABRRARA pRdubd FRERY RV BSISARILP all bone
resorption inhibitors and stinulators; angiogenic and mtogenic factors;

bi oact | VGnd ARLAT &n{epﬂﬁasib@ai @igbvea%cngﬁ pMiate ragicRs @@alﬁé’d #BRiS RRPAL, Mol ecul es;

cell 25 adhesion nolecules, e.g., -matrix and cell-cell adhesion

mol ecul e Sonib@? quﬁé Xsté'o%nducﬁN&g'S)‘;l'2 P’%?éte@gﬁg{ %&érgﬁgéﬁzeﬂ%%ﬁg &%acfTONOC | onal

ant i bodi es specific to cel erm nants on nesenchymal stemcells,
| ott] fact ; : . : | ei

o1 011100 3808 pRIGHIALLK GYRRNEH ARG AinOfof SBAGEAN TR ©) nUC! 1 ¢
f‘gggfil ;“ ?Pé%@%%?eﬁ% %‘f‘ﬁ@i&é&c‘% %fé%b%aéng agogﬁen@wﬂohgmgom thggf&éﬂ%%' ons_bei ng

eciticc rout ne éxperi atron. Preferred

wetting agents.far farm he wetted matrix of n [t i ncl ude
m Xt ur es/oggf’?ff’ij‘bcﬁgn'o Uil gsre tbgﬂecp ﬁr?ctthel‘j' ‘c %% uf/ { Pg&@ef%n%%e ularllcgls1 gglﬁe their
esters, gnd.and/ar surface a{éti ve agg ts. The preferred pol yhydroxy

conpounds1OReREINGaEPqrafioRof fhe ojtsoimp BB VENd  where their esters are
concerned, ar referablly the nopnqgesters and . diesters...10 ecific

pol yhydroxy c BQFF@@regp%P’r@“? B?rgafﬁ g e ARost W@f‘lﬁﬁ'gfygffl%@}dgrp%%ﬁ}f ts
nmonoesters and _di esters detived from. ow, ol ecyl ar i ght..carb lic acids,
o o s T CORoITBIAEY O heBpipR Yl euihleiog st SR RS

gl ycerol diacetate), et hgl ene glycal, diethylene g |, triethyl ene
gl ycol , 1thatamsmepdevaiperalized and/opspprrficially dominsralized are.n

g1 gt i
pentaerythritol, sorbitol, pol %/oxyal kyl enes, e.,g., Pluronics, and the like.
O t hese, fuly gndéor pertially demniparplized honeyparticles, dherastpoimplant wilkiserggsedn stHlesSandl i ng
characteristics of the bone particles wetted _ :

and rigidity. Thus, the use of combinations of different bone particles can be used to produce

osteoimplants possessing properties, i.e., density, rigidity, osteoconductivity and/or

25  osteoinductivity, etc. that are tailored to specific applications. The amount of each individual

11



therewith and is bioconpatible and easily netabolized. Mst preferred are
gl ycerol /water solutions in weight ratios ranging fromabout 40:60 to about
5: 95, rewpaesisel y. M xtures of pol yhydroxy compounds or PETIESOE?22883 g. ,
sorbitol dissolved in glycerol, glycerol conbined with nonoacetin and/or

di acetin [ | s ful . ' . er i.n rticular. conppsition,
t he bonebl}gg%f?d@f: %%I%ﬁlgsré‘%g&?%%a&g ﬁ%’yw'ﬁegy é\%ﬁegﬁ%o%@gg%%{cﬁfaﬁ E)uog‘)&b@éfat e or to
ot herwi se_set.tle .out from.the tted. ri x _such. that, application of a
fairly hBWB@‘éFFe‘g’ﬁ‘?%c 6‘{?19‘6@15(’ i%fnvo ‘gnerréwg%tﬁ’B?fi(em‘??Q@ﬁﬁ??nd&” R nient, it
can be advant agequs to include . wthi e conposi tion a substance whose

t hi xot rog?‘ﬁmﬁra]g%eag’f”éeﬂ?@ﬂqq‘?éo qug%ﬁpd/gyﬁlﬂ}gemlggﬁﬁqeg bP’éerRi’@Png"a“Thus, e.g.,
where the wetting agent is Water and/or glycerol 25 and separatjion of bone
parti cl e5roadly gnge framanowt0:10840 ghoutdl:Gin Suifptils anoyniscan beteadily dgispnimedit  on 16
WO 02/ 0a75Q PCT/USQL/ 22853 is concerned, a thickener such as a solution of
pol yv? ny Py thogeskdied inyhe o5 op § £356 10y wRsedaTiEby 1oBtine srparjmenalionr such as

hydr oxypropyl_met hyl cel |l ul ose, carboxy mnethylcellul ose, pectin, xanthan
gum food- grad éesaréitthnbozie Reftislgeean be gopiied i ong ek moeervays.st 8. dhgirprotsinar ch,

hydr ol yzed pol yacrylonitrile, hydrolyzed pol yacryl am de, polyelectrolyte
such as polignheambieiaugmeritet] erahqdified\asl descpilied in U9, Pasent Nos.ah HE25%ander i al s t hat
can suspend particles, etc., can be conbined with the wetting agent in an
anount sd992,296ethe contergs gfwiickcam irlcyrporafed by ecfertcediesprensi on- keepi ng
characteristics of the conposition. 'The conposition is next placed in a
nol d possessi g damynethdized dohgatedpee partictesafed therr @hibined with@. wetiigeapéntt s nol d 10
and lid 20 for nold 10, lid 20 possessing protruding to indentations 30.
The mol ddesaribddderpibelowab pyodacf dogipbsiibnaottahingeren sbvads tonbbit@oshape of the
final osteoinplant. Care nust be taken to ensure that mnimal, if any,

pr essur e pieerébbpfrort dbdud 10 ReabeB3ORlihOserosit dibhgaR deshirefaliediboa@pafidlés, on of the
bone particles. This is in contradistinction to the wet-|ay procedure

descri beeheirdindikder oftaé CHILmMBIGE thé crfpbsiBids conliiRing KRG abb? Bptichalle@t €d i n the
nold at a tenperature above about 35C prﬂgfﬂg{rgabl y f:gom I:thouitl‘}‘elS 35 Cto

about 70 corfhindiBh %ith'oRE 6F Bble bidebRPABRAIpAREs R BicomPitibletindrss Ui t abl e
period of tinme, e.g., fromabout 3 to aBout 4 hours, to effect renoval of

vat er. Thfler §bUls!IAGciITES, Midslic/bRERAI 25 &S5, urBLERETe 2 5AREEiENtive agents, .
t hr ee- di nensi onal” porous matrix of efongate dem netralize bor%e particles,

wher gk n 1 i I ouf: 0.3, g/ cnB.
e Bl e B (bR REEREE Brbityl 1A IRl ot RSl AROIGRRIAR ) %1

about 0. éog%?eec{oﬁée Bi}hé'llegtg sfivrel?gﬂcﬁgﬁg%se %f&g%l&aﬁ%&%mgbémorg&ﬁ%?sgseg%l | owi ng the

heati ng st aped materi S i zed, , usi*ng a shel f

. - f b 150
about 108" Riery SERERGHS sub of fulH et i, Epot BT Rk BT 0T 01 on
i Dyl i . i l.imnates.th df
i S

elep e el TPLEE B, iR n S

vvel;i ght percOI ISP olls, A7 02O I /°_§28|53 ;
o el nievingePoRae AR AaRALE e o 3Pt Bhch vefige agene |1 "

is substantially removed to produce a dense mat of bone particles.

The composition is typically formed by mixing bone particles and wetting agent to
form a liquid slurry, stirring the slurry for a suitable period of time sufficient to allow the
wetting agent to penetrate the demineralized elongate bone particles, and removing enough

25  wetting agent, e.g., by draining through a sieve, sufficient to provide a composition
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Optionally, the bone particles can be cross-linked in accordance with well
known techni ques, e.g., those disclosed in the aforenentioned |International
Appl i cat {y@yu20874301 50102, incorporated by reference herei ecTusoaezsssdance
with a preferred enbodi nent, the osteoinplant of the invention is conbi ned
with a flowabl e osteogenic material sugh ayt ol ogo bone graff, bone
Marr ow a%ﬂ%@?&ﬁoﬁéh?‘%ért%{?b%%o’ Bﬁ@%ﬁ?‘?gﬁ‘(‘ﬁgﬁ/ﬁ a%glbtﬁz,wgt}rm@%ceeﬁf c protein
(BWP), and the like. In a preferred enbodi ment, the osteoinplant is

provi dedbetietpartislé® or nore cavities or 1o depressions which can be filled
with the flowable osteogenic material. The cavities or depressions can be
formed by enpSutablagvettingsentypivpicallysompriss wates apdmpy eptionallyrfurhke ke her e n.
Fig. 4 depicts nold 10 having lid 20 with protrudi ng indentations 30

t her ei n. bidkérapatialeiliqeldy suchheorganié piotis sabvent aqreeussiolition sugh apphysiglogisal by
cutting the osteoi nplant. The osteoinplant can assume a deternined or

regul ar &aineconcentatbd salinasdhions sugar stdutimnsl Poréhebtionpifaneking,aaft liqudne, pin,
screw, tube, tooth, tooth root, bone or portion of bone, wedge or portion
of wedge polghydroMyeiompbinids authds glytdrolded glyteyolreates, nlyoxyalkgedes (@3Bf er ence can be
made to the photographs of Fig. 1-3 which depict various useful enbodi nents

of the i PkeMits®); and Aixiafeh @RiedR| ants of Figs. 1-3 were produced using the
met hod described herein. It can be readily seen that the inplants are

porous and fl@ﬁi«%ﬂhﬁy,itﬁk WakitY Sent TS cASIROMIINRA br SMixdEhG i od@ordhéBer in the
|

dry state or e wetted state. The osteoi nplant can be utilized in a

W de var het X BliR LBIRRA fch %%dcgﬁllgmb?é binddRL ERGY pHstidsersnd Oral and
maxi | | of acran surgi cal procedures such as the repair of sinple and conpound
fractyures. a 5 Uni J LA I i Ldiimt
reco nl'Lsdt r ﬁ&%sﬁg%@ggig%i%g%gi g‘?ﬁ% %{:tilgg%%e?ﬁ’g)é%dg?g{ &g%tﬂc% gt:éh%{a f/s do%:égﬁﬂ art hropl asty
of the hi f enor al and, h I SR o, ace
repl acem® E’ngﬁléf'af% pﬂghsjﬂ%irﬂé?%mraggﬁgééﬁgh , repaljsrofslﬁdr?[ﬁ'?cI ﬁ’é@@‘ggﬁ‘z Fal col um
i ncl udi ng s inal fusiaon and internal 18 WO 02/ Cs7S0 PCT/ USQOL/ 22853
fixation?®% ?P&Wétﬁ#lﬁeé?‘g); e.g., deficit filling, discectony, |am nectony,
exci sion of spi.n cord.t rs, anteriaor cervigcal and t I.c operations,
repairs of spgﬁ%%lql?’ﬁ“{ﬂﬁ ‘E@‘T’T‘Eé’géﬂoia%ﬁ%?’ CPWS%ag?é;coamﬁaurﬁdﬁbd&g{gﬁgé reat ments,
intermaxillary fixation of fractures, pentopl.ast t enpor.omandi bul ar j oi nt
r epl acemsprlants dental regin ¢emggts céﬁblﬁbmo&‘ftﬁa{? ﬁ“éﬁiﬂm}“@é%lﬁaﬁ ﬁﬁgpﬁ{t‘g% 5 8Pay bone
grafts, inplant placenent and revisian, S{Qnus lift etlﬁ. Egelci fic bones
whi chlScarglaseioperpericemgnigpopyaisty buethagrylpeeq “6'§?88{9Fﬁ%f°a'ﬁ? HEPRBHeS ncl ude the
ethnmoid, frontal, nasal, occipital, parietal, tenporal, ndi bl e, maxill a,
zygonat i droteinend eallagsnchasedglyes, acHiie &EIe: CoRHOHy Q?ahserh%&w EREEHCE 25 sacr um
rib, sternum clavicle, scapula, hunerus, radius, ulna, c ragﬁ)lﬁllrﬁones,
met acar pabolysbiselide, priylpetidgegiycolide-lastide cardhmets, PplypaPslagiong, poly ®:fi bul a,
patella, 10 cal caneus, tarsal and netatarsal bones, The osteoi nplant can be
i npl ant edolycatbpratasprdyartpesters, pelyaming acidfepqlyayplates; PPEYRAFTEYES abl e
af fi xation nmeans, e.g., sutures, staples, bioadhesives, and the like. In
accor dangelyhydloxdutyraietrobihndexyvalyrate, pelyehosphorenss and pAprrygIrolidongnd
di rensi oned as cylinders of approximately 5 mmdianeter, 1 cmlong that can
be pl acectdi.nto tooth extraction sockets. 15 The foll ow ng exanpl es
illustrate the practice of the present invention and in no way limt the
scope of the Suidblsfikgppincidécbdne pewder, dextiioRligediboRe powdss, pofousedléing a
speci es-speci fic osteoi nplant with defined di nensions. -

phosphate ceramics, hydroxyapatite, tricalcium phosphate, Bioglass® and other calcium

phosphate materials, calcium sulfate or calcium carbonate particles, etc.
Suitable plasticizers include liquid polyhydroxy compounds such as glycerol,

25 monoacetin, diacetin, hydrogels, etc.
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Speci es-speci fic (Rhesus Mnkey) | ong bones were aseptically cleaned. The
cortical 20 bone was processed in the bone mlling apparatus described in
U. S. Pataigfo2Me7505, 607,269 to yield 65 grans of el ongate lbramawspareissgl es. The
el ongate bone particles were placed in a reactor and allowed to soak for 5
-10 m nutes i 6N HC. pl us . 20-20 nopni oni ¢ surfactant sol ution.

Fol | owi ng dr g"‘!‘?ﬁﬂ%w’é’?ta‘?q{u@ “l—%l ?%eﬁst“écglfd?? n}‘blﬁh%ﬂl’ov U8B per gram of

total bone wa |ntroduced into the reactor along with the elongate bone
parti cl eBucopRlysasgharidss, %°on proceeded for 40-50 minutes. Fol | owi ng drai nage
t hrough a sieve, the resulting 19 WO Q2/ OS7 PCT/ US01/ 22853 .

deni ner al | zedSUiipbp gufase %W%a%YSt"i“%‘Fdééhev@?@“}pP ERPH GG EANONIGEAIRRIG b steri| e,
dei oni zed water at 15nl per gram of total bone, being replaced at 15 minute
i nt er val end amphpistif suifagientinage of the water, the bone particles were covered
in al cohol and allowed to soak for at |east 30 mi nutes. The al cohol was

t hen 8rai ned Iawill behmdprsioed hathpseskidled ingtheart thaktheifodeping distds notdntendedni zed

wat er. The bone particles were then contacted with a m xture of 4.5 ni

gl ycer ol toterexpuativeahd thayothametgsialsmiay| be smplaged gickanthoss diselofad,in Hel-oni zed

wat er per gram of dry bone particles for at |east 60 m nutes. Excess liquid
was dr ai Ratehta¥od 5t0178,3735hd dontents bf whicklare dmouwiatiddy referenceiheraimy appr oxi mat el y
11 (wv) dem neralized el ongate bone particles was transferred to a 11 cm X
11 cm nol d coBibadtive aubstandes thelude plngiodogidally at pitaymasblogicaltyragtivesybstarent at i ons
such as those 10 depicted in Fig. 4. The dinensions of the protrusions were
speci fi cttapdct Tobsllysdr Z@stedficdlipén the hesti Represehtatieqiltisses of Bicactivhfactoisashish nonkey.
The lid was gently placed on the nold such that the indentations becane

i mrengedcineQeddn§ cémﬁue@lwmompealegjaamea enchided.g. aphit Fictoss, prAgsios,andn t he
conposition as possible. The nold was then placed in an oven at 46C for 4

hours. Tbﬁw«%w ivhdcRfds, Wavinie Hhtfbb@lé@ Re¥Rpiits Qehesahd getlefic alBdlerité R
Lyophi | i zed for 48 hours. 15 Fol | owi ng |lyophilization, the nold was

di sassenfh o ARf otitor bATIR SR RABRS cld. QHBEmE picHcRrimslbawalii@l pi eces that

cont ai ned troughs corresponding to the dinensions of the |id protrusions.

The resulgifge Blc E%ot‘ dn dhdIRBR! cgﬁ%?ﬁﬁeﬂvaﬁv&@té Mk SAIFEIE solidis andPd® | N Wi dt h

b
and about 8 mmin height wth trou dimensions of 3.5 cmin length, 1 cm

:c Pe\)l(v: gf 21 dﬂ ssolVad ﬂfcefeﬂfgkhantﬁ%c?&?&%@ﬁw&l& Qs CRRRRR LA it Sng Ohesi ve,

sponge- I ous” cont i nuous t hree-di nensi onal

?tn% Fg}éfﬁée A fﬁ%‘l %’bfa?%ﬁ?;ﬁaaﬁ%ﬁc&%ﬁﬁ f@“‘%ﬂfg@ P%fﬁ% b T equi re
rehydrat | on Bﬁhéorlﬁﬁ’t%}sﬁel? é%_n clifes b18m§% ac?.}]%r){ ccy i &{ékl%gllygmg onparison 1o

Gr af t onFPERS! arn Snee we h fluids and
freezing s, hot. d fo ra The den A ne is based on
cal cul at %@ 18fp°f’ﬂ§ fc’flﬁle’ﬁmf?%%%@& i, %@neamﬁ “M\io 02/ 05750

em neralized b sedtoflll t he

PCT/ US01/ 22 .ampunt of

vol ume of Wﬁ% C SYERTTIRY 374 S %13%8’ e?ct’laglinoaa&é’rpegte S Vs exarrpl e,
12g demneral|zed fi ber oc i ed. Eherefore

density \}&%ga&f? et a?/toﬁ f&g}ﬂ&ﬁ%ﬁ&?ﬁ%@%ﬂ@gm’&g P SE PSS ar e
approximate as there can be a ran n vvel 40? 10- 20 range
in vAUNERSHEnts Syithesizers: opsrRTTEUY °8 génaﬁsre’ (PEYAEF e %?P’Pﬁ'é ?Fons of

the nold us ec(li)
scaffolds with parenchymal cells, angiogenic drugs and polymeric carrlers contammg such

drugs; collagen lattices; antigenic agents; cytoskeletal agents; cartilage fragments, modified
living cells such as chondrocytes, bone marrow cells, mesenchymal stem cells, netural
extracts, genetically engineered living cells or otherwise modified living cells, DNA

25  delivered by plasmid or viral vectors, genes or genetic elements, tissue transplants,
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EXAMPLE 2 Evi dence of Osteoinduction by Gafton DBMin Non-Human Prinmate
Spi ne Fusion. to Wile autogenous iliac crest bone graft remains the "gold
st andar dwo cpstsowor k conti nues to identify viable bone graffiusextmsaslers,
enhancers, and substitutes. Wile several dem neralized bone matrix

formul ati gns_ have..been shown to be .vari abl st.eoi nduct i.ye in_rodent
ectopic b‘%ﬂ]én eéaslszg(g/l%o,nep 8‘&??{3%150g8%0#1§3ﬁ§ﬁ“?sa5[%g%%e ?oldtsof(r:uf/n’is 1Ith?sg?iltli’(r)lles peci es and
nore chal |l engin li cations ch as st erql at er al ine fusigon. To date,
none havemTfé(g’\‘l e&é?[)ogg'ei’geﬁ" ﬁ‘mé'cﬁl 9%&8&’? SHE 38 © t8%&°8§‘gl°5t?(§}°8?n’ gB‘fene f usi on
nodel whi ¢h has. been previously determined to be extrenely challenging with
Toss. t harbelBOGi, BRI TSPy Ut Ut BT ET deG0 BFBus 1 | ac
crest bone graft. The purpose of this exanple was o .test the osteoinplant
descri beoglmn%z%lmeagzwﬁm VAP T MK CBF R RSATOR T80 B3 a5 an
ext ender/ enhancer for autogenous bone graft in _a non-human primte. 20 Four
skel etfal | 4R G BsiduBReEptidpsLone BSTRhsgRNSRIpieing (BMP; 9stepidugtiyg fagtor

posterol ateral arthrodesis through a Wltse nuscle-splitting approach under
Gener al - EY Rbsnetin TRY): prdehslie colbetor St egtE A senetomeiiemest wi th an

el ectric burr. Autogenous-iliac crest bone graft was harvested bilaterally
t hr ough sepastalCAE)akatdngérin, harhan gieisth hlonnmﬁéﬁgﬂf)mim%ém‘om hormepess us - speci fi ¢
osteoi npl ant material (described in Exanple 1 ) was inplanted with the
usual 25 epideoygalgfawth fglor EGHnimtesleukin-d (It Hehunganralpha fldorobia; treakforming usual
autograft (2g) on the opposite side. Radi ographs were taken at intervals
unti |l eutgrawthsfactord TGEbeta eksslin-Tkegrbwitblactos((GFé 5 (1GH-2); pWR1GAeH@dgowth

PCT/ USOL/ 22853 were exci sed and pal pated manual ly to determ ne fusion

st at us asfaétseEPDGF); fibtoblastpesivia fid tdr @GR HEGF, \wer)f peiddata hipamentt 0 vi sual i ze

t he amount of bone formation. Radi ographs and CT scans were eval uated
blindly amémensisfacer (PRIIGFY damitblr@in; \bohe/difétors; BRtitdh@ragedts; ilMuAdisi on nass
(3=good, 2=fair, 1=poor) and the anount of bridgi ng between the transverse
pr ocessessufpreant) p&hﬁbﬁﬁ&@am%@afmﬂe%zﬁ%(@ry £O&Hars stict! Rlateatd) Airistaltahat s were
added for each site in each animal. Three of four nonkeys receiving the

ost eoi npl s%éﬁat@inkiﬁoe&@isQﬂﬁﬁ&éthﬁﬁfe?lﬁb@&%iﬁ&d&iu&%s, alphack&b-aRleBffes, Bict;es i n the
were rated as "good" for area of fusion mass on CT (conputer tonography)

scans. S ta9folf Al ok @8ic ol niglio SNG4 00irs TR Brlstlyiitsignd amount

of bone was better int ost eoi npl ant group and best with the 49 o

aut og{Af tyormbhd Wd@BI1ela08 inkOluBIE SERSIHeR of’tifhe REEnelQHIRL sbIYER insoluble

. u ) .
sem -quantitative, given the spectrumof fusions previously obtained in

this mdqecégt&bin@ﬂ{]ﬂghﬁﬂ&teﬂlf&ﬂﬁg soluBfeS fasél l@fﬁb%gglﬁgac%éggﬁﬂ%%dg;e dat a

ost eoi nductron o osteoi nplant 1h a cha

t t, 1S, i I L aft tend
and or af t ROl Eufbecl Bohe HRRIER, BhofR Ap b AR GUb AR T AL
| mpl ant at J f ji [ . ent ' f usi on.
9L 2 ot RSP i, 2o U0 TR L BB U1 O
e e e U el P LT e AR PR LRI LR I8, o1

h t t l. i nal .fusion. k by th kKi.lled in th
I LT N e e B T
length, 2.5cmin .wdth and.approximately Lcmin_height wth trough 25

di mensi on$ AEHATROE & T‘E°°‘1h¥‘£ pfqp%nggﬁuogngogg&o AR iat el y 0. 7cm

The trough design specifically. allowed f the surgegn tq fill the center

of the oSPEBITHIPORP FI8sipAHTaT 6t e SRR B HATREARENF: | <

usual |y optained fromlocal bone at_the. site of the 22, . .
immunosuppressants; bone resorption inhibitors and stimulators; angiogenic and mitogenic

factors; bioactive factors that inhibit and stimulate secondary messenger molecules; cell

25 adhesion molecules, e.g., cell-matrix and cell-cell adhesion molecules; sepoﬁdaty
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WO 02/ 0~7~0 PCT/ USO01/ 228s3 procedure, or marrow, or iliac crest or a

conbi nation. The fluids rapidly dispersed within the osteoinplant hydrating
t he ost ewiomloarsy. The osteoinplant is placed either trougoTdsornisari ng the
decorticated transverse processes or trough facing away fromthe

ponge. | PSRETS FRADHOPA B DR BPRnG e FHEct S apRpR SR SR e o

t hr ee- di nensi gn cohesive structure retainpng the autograft or, allograft
o bot h AP Flep MO SR Ds AYOER AT KPP e fotiice Rl
procedure known to those skilled in thefﬁrt. 10 EXA%E?E 4 Eval uation of the
Ost eoi nd@BY Ferebipstion fhereaf. Bre amounts prd typespr gnch opiiiaily HOSEBIEEFAT al  of
Exanpl e 3 (human-specific_osteojnplant) for posterolateral fusjon (PLF) was
eval uat edatysyidely wita optirawm davels ped eomhinatipps heingdendiy determjredimp seestficnodel  (see,
Edwards JT, D egmann MH, Scarborough NL, Gsteoinduction of human 15

demi nér alchsedy ryine experimentatiask i zation in an animal nodel, din Othop Rel

Res 357:219228 ( 1998) which is a nodification of Uist MR Bone formation
by aut oi nduct Prferreietiing agents5ior R0Bing 4w vetted Biptrix of bengiparticles inclidp| aced in the
hind linb, intramuscul ar sites of athymc rats and eval uated hi stologically
af t er 28 ndiaipses/soluttonis whivathibahd| liquisl pochydtouy pompindsomd thsirestersnandiaad/at hy i ¢
(nude) rat to mninmze the potential for a cross species inconpatibility

r esponse stiface actbgragéts. tThe prederfedipblyhydroxyidvemploimid pbiseds up it sbenuiPoatben site i s
ideal for the initial determ nation of heterotopic bone induction

pr oper t i egontfand et theinBitets arabanceraed, aterefbiablydie monpswers anddiéskers ar ea.

| mpl ant Pl acenent 25 The study utilized a singular intramuscular (IM

i npl agt atg&@ﬂﬁ@b&lﬁxyidfbx?@%pdﬂnﬂﬂoﬂtheﬂibre@ﬁin@@pe iMRdQ lyo&dBfd REHIohGR k22853 t he
animals. Different specinent types were placed in the sites.-in a random zed

fashi on, a5dafstkBabrived EohAt® ntMciRl weiight dafloxylR\ueidk Ry, SiiBadetif@atdTent in both
hind |linbs. To provide a common positive control over all animals, a single

40ny sanpfiRefdf Srésa&cﬁDEiM AR oHGhSethle BRE Elydend1Idmabtae), bfiylkde g}l@n, the left

pectoralis (LP) huscle on the left side of each rat. Animals were all owed

nor mal - acfidividdeGdycb OB A LI Il ,ﬁﬁ}op&{eﬁfbﬁ‘i'ﬁ‘rhéiﬁ%b]gﬁhﬁe, SAERyEspreparach
material were used for analysis. Procedure Briefl

ith i . | oz y, rats were anesthetifed
Sal e ( PEpgy gL GHAM v RRAey o Ptifel ald ke, OF RUREGH00! c2

i ntraperi.t g@gcgewyﬁg%@e%%g EGmBRoVel P harnRliRF SUHEESsIBE AnSBns pificRi et 2

lam nar air

therewith and is biocompatible and easily metabolized. Most preferred are glycerol/water
solutions in weight ratios ranging from about 40:60 to about 5:95, respectively. Mixtures of
polyhydroxy compc;unds or esters, e.g., sorbitol dissolved in glycerol, glycerol combined
with monoacetin and/or diacetin, etc., are also useful.

20 Where, in a particular composition, the bone particles have a tendency to quickly or
prematurely separate or to otherwise settle out from the wetted matrix such that application of
a fairly homogeneous composition is rendered difficult or inconvenient, it can be
advantageous to include within the composition a substance whose thixotropic characteristics
prevent or reduce this tendency. Thus, e.g., where the wetting agent is water‘ and/or glycerol

25  and separation of bone particles occurs to an excessive extent where a patticular application
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1 cmskin incision was made on each upper hind linb using a | ateral
approach and the skin was separated fromthe nuscle by blunt dissection. A
super f i VQI02PFS9 si on aligned with the nmuscle fiber planePGR&SHEZ85% 0 al | ow
for insertion of the tips of the scissors. Blunt dissection of the nuscle
to creat § cBnRARUES MRRGPAEH bd LRGN OF pdiinyi BikoHdB idopig, devitalized
fi bers was nade using gﬁll unt sy‘ir?fla?]gel? )Pﬁ]}{aac% 6%&@?}9?&’3“21?0#5’%3 cl osed

Wi th met @éllufinlsfcfa§ter safﬁ rra;slh nt0§¥gt i ?f{a}“ E%%&ﬁgﬁg%&gggﬁégﬁ&ezﬁ%ﬁgx

i npl antation tine. re pirta retrieved

by bl j CLi . dj i f ul
D71 ot g SRa Bt 800 30, (e BRORE a8t e dELANIAD deeH By bl L?oig opi ¢
cul.arit an

| uati gn of the. | ial .. Col | . hardt
ntoori ¢ ouerddRs. B R Rl Bicerbo SR e et esmgéamfﬁfr?ﬁ @y - the
hi gh for. the fost t wul d be 1, whil e a speci

Chowi ho PR GFot wlR BB o HOTRNPrriNesa e GPRP0S EbBE | once

with this nodel pas shown hi gh correl ation between visuyal ,, observations
and hi st BPHEE s ‘BB%@W‘&FF%FP%“’ to Bgnificantly JARIOYSSRe BispRRsICRkeeping WO f 12/ 0750
Hi st ol ogy, PCT/.DSOl/éZBsS Retrieved materials were fixed in neutral buffered
f or mal i n°hapSkEsHes pEde FOMRPSEIOR; es of graded et hanol sol utions, enbedded in
JB-4 (glycol nethacrylate, Polysciences, Inc., Warrington, PA) and
sectioned. Tolh§icampesitignisnsxhpla¢eddra mold nossessing gy deriredshane et eri al was 5
eval uated using a _|ight mcroscope at magnifications up to 200X. A

numer i cafondigyiaiiony Figy 4 depicts mogl 1Qynd 4id 28 forgnald K0, fid 2§ pessessingoramdisgt of new
bone formation for each explant when exam ned under the |ight m croscope.
Assi dhneindensstiong ). dbe malsl can beepiiongflyt configrzedhed dimgnsionsisin ghesbapeiaf thieabl e | |
bel ow. Hi stol ogical sections for each explant were scored i ndependently by
two i ndi final gsttagmplantn stk st be Bkdnrte pbsurprtbal penimal, if akyprassire & applisdasd ogi cal
anal ysi s, average scores were cal culated for each material type or sanple
group. Bths eomposition evhicheoulikgifeci compactioh bhithe hoig partictes| Thipikeh, each group was
assigned an assessnent of osteoinductive potential based on the average

hi st ol ogeonzhdistnoti@sto tsavaiilay rgoedns descabddrig UK. itenyNons,503,8ERIThduCt | ve
response"; groups scoring up to 2 show a "slight osteoinductive response”

? n gl gr ?Uﬂﬁnﬁ)@iﬁbﬂ R@eatedin (RO abdWeMperatufedBLNEabOR33 e, DEtifSblY Srodrabb@S pPONse” .
apl e

15 35°C to about 70°C, more preferably from about 40°C to about 50°C for a suitable period of

time, e.g., from about 3 to about 4 hours, to effect removal of water. The resulting material
comprises a shaped, coherent, three-dimensional porous matrix of elongate demineralized
bone particles, wherein said matrix possesses a bulk density of less than about 0.3, g/cm’.
The bulk density of the implant will typical}y range from about 0.01 to about 0.3, preferably
20  from about 0.05 to about 0.2, g/cm’. Following the heating step, the shaped materi,allis
lyophilized, e.g., using a shelf temperature of from about -20° to about -70°C, a vacuum of
from about 150 to about 100 mTorr at a time of from about 4 to about 48 hours. |
Lyophilization improves the long term stability of the implant and eliminates the need for
special preservation steps such as freezing or the use of preservatives. The resulting

25  lyophilized material will comprise less than about 5 weight percent water and is porous,
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depressions can be formed by employing a mold possessing a lid having indentations therein.

Fig. 4 depicts mold 10 having lid 20 with protruding indentations 30 therein. Altematively,
the cavities or depressions can be formed by cutting the osteoimplant.
The osteoimplant can assume a determined or regular form or configuration such as a
15  sheet, plate, disk, cone, pin, screw, fube, tooth, tooth root, bone or portion‘of bone, wedge or
portion of wedge, cylinder, threaded cylinder (to name but a few). Reference can t;e made to
the photographs of Fig. 1-3 which depict various useful embodiments of the invqntion. The
osteoimplants of Figs. 1-3 were produced using the method described herein. It cén be
readily seen that the implants are porous and flexible in nature. The osteoimplant can be cut
20 either in the dry state or in the wetted state. The osteoimplant can be utilized in a wide variety
of orthopedic, periodontal, neurosurgical and oral and maxillofacial surgical procedures such
as the repair of simple and compound fractures and non-unions, external and intér'nal
| fixations, joint reconstructions such as arthrodesis, general arthroplasty, cup arthr'oplasty of
the hip, femoral and humeral head replacement, femoral head surface replacement and total

25  joint replacement, repairs of the vertebral column including spinal fusion and internal
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4. The osteoinplant of Caim1l wherein the el ongate bone particles
represent 15 at |east about 50 wei ght percent of the matrix. 5. The

ost eoi mpWA208150C ai m 1 wherein the el ongate bone parti clreg/usspemsent at
| east about 60 wei ght percent of the matrix. 20 6. The osteoi npl ant of
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dem ner al j bo articles ar el ected fromthe oup consi sting of
ok L B mesqmaﬁnd
conbi nations thereof. - 10. The asteojnplant of G aim1 wherein the _
el onggt ebaléerﬁrﬁ[gr 'é'm?‘?'éﬂlaﬁ%eélt ?'@ RYsien, Sinusliffsodde cgcﬁemsaﬂuqhéﬁgﬁm to nedian
thi ckness ratjo of at lLeast about 51 up tqQ about 500:1. 11. The
ost eoi nplERATCH - E%F%Witﬁ\?b?&s@f’lﬂ’ MebereR frlede wapthmoid foatgh nasplan ?b(c)jut 5
wei ght percent water and js flexible 15 12. The osteoi nplant o aiml
Wne?ei n t"FFéPIWLP?‘Fe)Ea ctﬁ?i‘ﬁ?l?ds gendiplemaxplanzygpmatic, serietlyertebse thosasic wat er and
possesses an osteoi nductivity of at |east 2 when nmeasured in an athymic rat
assay. 20°rieBra, nmbagearisbiangspais ribfsteaiul, Alrviclserraian humerus raskinyatles,
dem neral i zed bone particles are cross-linked. 14. The osteoi nplant of
Cl ai m 1 ¢#B3 Epnesimetatsmmak benss phalgngss, ilivnes ischitmopubys, fenturrtibieg fbuld, pateilgbout 0. 01
to about 0.3 g/cnB. 25 28

10 calcaneus, tarsal and metatarsal bones. The osteoimplant can be implanted at the bone repair

site, if desired, using any suitable affixation means, e.g., sutures, staples, bioadhesives, and
the like. In accordance with one embodiment, the osteoimplant is configured and
dimensioned as cylinders of approximately 5 mm diameter, 1 cm long that can be placed into
tooth extraction sockets.
15 The following examples illustrate the practice of the present invention and in no way
limit the scope of thé claims appended hereto.
. EXAMPLE 1
Process of making a species-specific osteoimplant with defined dimensions.
Species-speciﬁc (Rhesus Monkey) long bones were aseptically cleaned. The.cortical
20 bone was processed in the bone milling apparatus described in U.S. Patent No. 5,607,269 to
yield 65 grams of elongate bone particles. The elongate bone particles were placed in a
reactor and allowed to soak for 5 — 10 minutes in 0.6N HCI plus 20-2000 ppm nonionic
surfactant solution. Following drainage of the HCV/surfactant, 0.6N HCl. at 1‘51;11 per‘gram of
total bone was introduced into the reactor along with the elongate bone particles. The

25  reaction proceeded for 40-50 minutes. Following drainage through a sieve, the resulting
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WO 02/ 05750 PCT/ USQOL/ 22853 15. The osteoi nplant of Caim2l1 wherein the bulk
density of the osteoinplant ranges fromabout 0.05 to about 0.2 g/cnB. 16.
The ost egig@loatdy of C aim 1 wherein the el ongate dem ner adrnesdi/omsg 5
particles are of allogenic origin. 17. The osteoinplant of Claim1l in the

shape of a sheet, plate, disk, cone,.pin, sgcrew .tub oot h, tooth root,
bolne gr SE)‘P?‘PTGW‘*SFP%% borgnayisles et ‘fdcfhre%ﬁmﬁﬁeﬁﬁlé,é{e ’Iqtef’?ﬂgfc,l Wil hr eaded
cylinder. 10 18. A nethod of fabricati .an posteoi ant i.ch c ri ses:
a.h pr lovi dﬁmbpegsamtweybm b@%ﬁﬁ%ﬂtceda Hég?'weaﬁnfwgs- %h%wwﬁm%“@ﬁ%%ﬁ . i xing
t he el ongate dem neralized bone particles wth a wetf{ing agent, conprisin
wat er t o Waten\hedeong partighgs Were 6aYsERs i plephod @ﬂﬁ]taﬁPWF%E? SP?‘%)%?F éﬁ%&WBtegEout | 48

15 vol une percent swollen, hydrated el ongate demi neralized bone particles;
c. pl aci Age alhehol wguthen dusinedsid thebene particlapwere rigsrd, with steridedaionized water-i qui d
conposition in the substantial absence of pressure at_ a tenperature above
35C f 6r Thpbetegdrtivles wenthendontagted with & mixterae (& S weltebicetol res gram ¢fdrt he wet ti ng
agent to provide an osteoinplant conprising a shaped, coherent,

t hr ee- di remspastivids afd 16 md asrilepdeidnized Watet pan grameofdlenbensmatticles &r pideast
particles, wherein said matri x possesses a bul k density of |ower than about
0. 3 g/ cn®0 niiutesTRecensetiquidivas drihad and 8 résulting iquid corppasgiongontaiving por at i ng one
or nore bioconpatible conmponents in the liquid conposition. 25 29 WO

021 05750 apzbkitdafly P2@53) Rfhinefdlieededdrigatd bode pattiieswhs tradséereid to 4 Hem X

bi oconpati bl e conponents are selected fromthe group consisting of

bi oconpatiiibth enoi cvid@iining & lid Bavingfd fdexslity pf mstridingziadentdrionsush acthéseoci dal agent,
surface active agent, and bioactive substance. 5 21. The nmethod of C aim 18

wher ejon tdagicRl HERLE TR Himakidhd ekt RanRioRswe Ghetic fopmhesiensfthd | east about
50 wei ght percent of the matrix. 22. The nethod of C aim 18 wherein the

| t ! or . .
el onga eoogﬁgh@%@%eh&@éa BPMERAGLS m&h&?.hrmrﬁ@%p@g plh@aoh RN skl vei ght

per cent matri x. 10 23. The method of Claim 18 wherein the el ongate

dem ner al g,z 8l ;RRBGHAR HebfhSmnictRl FREME 1ighid tRRAsitRR WkxeR@s Wk pRisurer cent  of

the matriX.
on the composition as possible. The mold was then placed in an oven at 46°C for 4 hours.

The composition was then frozen overnight at -70°C and then lyophilized for 48 hours.

15  Following lyophilization, the mold was disassembled and the formed composition was cut
into individual pieces that contained troughs corresponding to the dimensions of the lid
protrusions. The resulting pieces had dimensions of 4.5 cm in length, 2.5 cm in width and
about 8 mm in height with trough dimensions of 3.5 cm in length, 1 cm in width and .4 mm of
depth.

20 The resulting composition was cohesive, flexible, and sponge-like with an obvious
continuous three-dimensional structure possessing visible open pores. The implant had a
defined shape including the indentations made by the lid protrusions, did not require
rehydration before use, and was more rapidly hydratable in comparison to Grafton®Flex. The
material retained its shape once wetted with fluids and freezing was not rgquired'for storage.

25 The density of bone is based on calculation of the defined mold volume used and the
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24. The nethod of C aim 19 wherein the bioconpatible conponent conprises 15
bone particles possessing di nensions other than el ongate. 25. The nethod of
C ai m 19¢Rfsisd t he bi oconpati bl e conponent conprises neauiarsonersas i zed
bone particles. 20 26. The nethod of Claim 18 wherein the el ongate

dem neralized bone particles are selec fromt r consi sting of
fully, pamewypfdeniperalizedbppe Rartg eﬁyse&é‘?ﬁ%ﬁg’reé'lo %@?gﬁﬂ%ﬁ%g{gﬁla@@g?}e and

conbi nati ons thereof_ 27. The nmethod of C aj 8 wherein the elongate

deni ner aFemrasitiop descphed ip diggrampler | 2g demineralize SRFOYRIFHA YPRE Hedi an

t hi ckness ratio of at |east about 5:1 up to about 500:1. 30. WO 02/05750
PCT/ USOL/103t85 3 Theefors, therdensiy vas pprrexamately 8- MAg pihome/cme Thess salylagonsn
conprises water in conbination with one or nore conponents selected from
the groupreappskistatars thifre cangerirangp iroveights gboutdP-20prand jasangg i valurags of e
concentrated saline _solutions, sugar solutions, ionic S solutions, liquid
pol yhydr about ¢ep20end §whigh centsldgtined & el dimensiosppithameld wed). The met hod of
Claim 18 wherein the wetting agent conprises water and pol yhydroxy
conmpound. |10 30. The nmethod of C aim 29 wherein the pol yhydroxy conpound is
gl ycerol. 31. The nmethod of Caim 30 wherein the weight ratio of glycerol
to water ranges from about 40: 60 tEXAMBULE25:95. 15 32. The nmethod of Claim
18 wherein after heating step d, the osteoinplant is subjected to a further
t r eat mentpyideR. of $Rteothliection bl Gilafwh DBM imNG2Huinen Biimate Spint Bnsidrer t r eat nent
step is selected fromthe group consisting of |yophilizing, crosslinking,
re-mneralization, sterilization, machining, 20 |aser etching, welding,
asseryl i ng of yAkLBtogsisht iBGcredTbbilel gight RMmdine @RC Lo ctapdaed!, mych 8drk The met hod
of Claim32 wherein the further treatnment step is |yophilizing. 35 A

met hod of of&Ral folidSHANA4NE bére @Rt eR@nRE enlABES, hhd AYstities. Whilngvail a bone 25
repair site an osteoinplant which conprises a shaped, coherent,

t hree-di r@&ﬁi&%deﬁb%g G A rmuiBn R0 BIRANRA (W QatiaiPSsteoimustivs idf el ongat e

dem neralize [ 1 ci es, wherein said matri x possesses a bul k density
of | ower rbmpec@c%?%ong agba%, & ¥Phave demonstrated efficacy in higher species and more

challenging applications such as posterolateral spine fusion. To date, none have been tested

15 inanon-human primate posterolateral spine fusion model which has been previously
determined to be extremely challenging with less than 40% of animals achieving successful
fusion with autogenous iliac crest bone graft. The purpose of this example was to test the
osteoimplant described in Example 1 for evidence of osteoinduction and its use as an
extender/enhancer for autogenous bone graft in a non-human primate.

20 Four skeletally mature rhesus macaques underwent single level lumbar pésterolateral
arthrodesis through a Wiltse muscle-splitting approach under general anesthesig. The
transverse processes were decorticated with an electric burr. Autogenous iliac crest bone
graft was harvested bilaterally through separate fascial incisions. In these four ani;nals,
rhesus-specific osteoimplant material (described in Example 1) was implanted wiﬂl the usual

25 autograft (4g) on one side of the spine and one half the usual autograft (2g) on the opposite

side. Radiographs were taken at intervals until euthanasia at 24 weeks. The lumbar spines
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36. The nethod of C aim 35 wherein the repaired bone is selected fromthe
group consisting of the ethnoid, frontal, nasal, occipital, parietal,
t emrpor al wowndrdel e, maxilla, zygomatic, cervical vertebractisyassss
vertebra, lumar vertebra, scarum rib, sternum clavicle, scapula, hunerus,
radius, ulna, ca | bones, tacar pal hones phal anges, iliu I schi um
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f usi on nédTRedd.grfad, dFraod Andihe amopntof bridmnahwiwgsn ettrangyiese prsesseon east one
cavity or depression which contains at |east one bone-growth inducing
subst anc gaghisidedPT<25291-99%, Th e SEeV APl W) BbinG|veargndied fmpachsitein at | east
one cavity or depression. 40. The osteoi nplant of Caim 39 wherein the
cavity orcachemimad sThoee of dovir aionkeya rdckiving thecosteoinepdapt plus autegradt ivate gratisd 4. The
ost eoi npl ant of C aim 40 wherein the flowabl e osteogenic material is 32
WO 02/ 07 5ase@CTik 0BBiEREAREGR timetesciated af ¥good't foe aga of fosiowmassni C)(compwatert ol ogous
bone graft, bone marrow aspirate, dem neralized bone nmatri x and bone
mor phoge nortogiphlypscans. 42x of Bipht iRt R4d At Teha50%(bridging e Thdxyalityandembad 06f C ai m
18. 33 .AlH3e. Al 'L.Als2 .AlL _.Als _.Al'E .AIl"Y A sE

bone was better in the osteoimplant group and best with the 4g of autograft. Although the

10  assessment of bone formation was semi-quantitative, given the spectrum of fusions
previously obtained in this model with autograft alone, these data support evidence of
osteoinduction of the osteoimplant in a challenging model. These data support the role of this
osteoimplant as an osteoinductive graft extender and graft enhancer in rhesus po'st_erolateral
spine fusion.

15
EXAMPLE 3

Implantation of Osteoimplant in a human patient to promote spinal fusion.

20 Human-specific osteoimplant was made in the same manner described in Example 1.
However, the mold dimensions and final dimensions of the osteoimplant were altered to
adjust to the approximate size required for human posterolateral spinal fusion procedure
(known by those skilled in the art). The dimensions of the osteoimplant pieces were
approximately 5.0cm in length, 2.5cm in width and approximately 1cm in height with trough

25  dimensions 4cm in length, 1.5cm in width and depth approximately 0.7cm. The trough
design specifically allowed for the surgeon to fill the center of the osteoimplant with

autograft or allograft or both. Autograft is usually obtained from local bone at the.site of the
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Implant Placement

25 The study utilized a singular intramuscular (IM) implantation site in each hind limb of
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10%& () - 2hlbphyBidlogithslidQ¥ean) - THOAMage)is 3.6ml/kg body weight administered
10  intraperitoneally. Aseptic surgical procedures were carried out in a laminar airflow hood. A
lom skin incision was made on each upper hind limb using a lateral approach and the skin
was separated from the muscle by blunt dissection. A supetficial incision aligned with the
muscle fiber plane was made to allow for insertion of the tips of the scissors. Blunt
dissection of the muscle to create a pocket and positioning of the rat DBM powder or
15  devitalized fibers was made using a blunt syringe. In each case, the skin was closed with
metal clips.
Rats were euthanized with CO; following 28-day implantation time. Implant
materials were located by palpitation, retrieved by blunt dissection and cleaned of the
surrounding tissue by careful trimming. An observer blinded to implant type performed a
20  macroscopic evaluation of the implant material. Color, vascularity, hardness and integrity
were scored according to the scheme outlined in Table I; the highest score for the most robust
response would be 1, while a specimen showing little or no osteoinductive potenﬁal would

score 0. Experience with this model has shown a high correlation between visual

observations and histological observations of DBM implant performance.
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formation for each explant when examined under the light microscope. Assignment of scores

was according to the descriptions given in Table II below. Histological sections for each
explant were scored independently by two individuals blinded to treatment groups.

10 Following histological analysis, average scores were calculated for each material type
or sample group. Based on previous experience with this animal model, each group was
assigned an assessment of osteoinductive potential based on the average histological scores.
Sample groups scoring 0 show “no osteoinductive response”; groups scoring up to 2 show a
“slight osteoinductive response” and groups scoring 3 or above show a “robust osteoinductive

15  response”.

Table I
Macroscopic Observation Scoring Guidelines
Color White (W) Gray(@) Red(R) -
Vascularity None (N) Some (S) Robust (R)-
Hardness Mushy (M) Firm (F) Hard(H)
Integrity Diffuse (D) Flat (F) Nodule (N)
Score 0 0.5 1
20 Table IT
Scorin% of Histological Sections
Score New Bone Formation
0 No new bone
1 Few areas of new bone formation
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Histology showed evidence of robust cartilage, bone and marrow formation in the
samples. Scores for the individual samples were averaged and the mean + SD of the
5  osteoinductive score for 13 individual samples derived from Example 3 was 3.3 £0.7.
Historically, demineralized bone powder produces a comparable osteoinductive score of 3.6 +
0.8 while guanidine hydrochloride extracted samples routinely display lack of inductivity.
The foregoing results demonstrate that the osteoimplant of the invention possesses excellent

osteoinductivity with the additional advantage of being a cohesive three-dimensional, lower

10  density, porous matrix.
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porous matrix of elongate demineralized bone particles, wherein said matrix possesses a bulk

5  density of lower than about 0.3 glem’.

2. The osteoimplant of Claim 1 wherein the matrix further contains one or more

biocompatible components.

10 3. The osteoimplant of Claim 2 wherein the biocompatible components are
selected from the group consisting of biocompatible binder, filler, fiber, plasticizer,

biostatic/biocidal agent, surface active agent, and bioactive substance.

4. The osteoimplant of Claim 1 wherein the elongate bone particles represent

15 & at least about 50 weight percent of the matrix.

5. The osteoimplant of Claim 1 wherein the elongate bone particles represent

at least about 60 weight percent of the matrix.

20 6. The osteoimplant of Claim 1 wherein the elongate bone particles represent

at least about 90 weight percent of the matrix.
7. The osteoimplant of Claim 1 wherein the matrix further comprises bone
particles possessing dimensions other than elongate.
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5 9. The osteoimplant of Claim 1 wherein the elongate demineralized bone
particles are selected from the group consisting of fully, partially and superficially

demineralized bone particles, and combinations thereof.

10.  The osteoimplant of Claim 1 wherein the elongate demineralized bone
10  particles possess a median length to median thickness ratio of at least about 5:1 up to about

500:1.

11.  The osteoimplant of Claim 1 wherein the matrix comprises less than about 5
weight percent water and is flexible.
15
12.  The osteoimplant of Claim 1 wherein the matrix comprises less than about 5
weight percent water and possesses an osteoinductivity of at least 2 when measu.red in an

athymic rat assay.

20 13.  The osteoimplant of Claim 1 wherein the elongate demineralized bone

particles are cross-linked.
14.  The osteoimplant of Claim 1 wherein the bulk density of the osteoimplant
ranges from about 0.01 to about 0.3 g/em’.
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10MP10%m&' () - HOY% psteoimplant of Claim 1 wherein the elongate demineralized bone

5  particles are of allogenic origin.

17.  The osteoimplant of Claim 1 in the shape of a sheet, plate, disk, cone, pin,
screw, tube, tooth, tooth root, bone or portion of bone, wedge or portion of wedge, cylinder,
and threaded cylinder.

10
18. A method of fabricating an osteoimplant which comprises:
a. providing a quantity of elongate demineralized bone particles;
b. mixing the elongate demineralized bone particles with a wetting agent
comprising water to provide a liquid composition containing from about 5 to about 40
15 volume percent swollen, hydrated elongate demineralized bone particles;
c. placing the liquid composition in a mold; and,
d. heating the liquid composition in the substantial absence of pressure at
a temperature above 35°C for a period of time sufficient to remove water present in the
wetting agent to provide an osteoimplant comprising a shaped, coherent, three-dimensional
20  porous matrix of elongate demineralized bone particles, wherein said matrix possesses a bulk

density of lower than about 0.3 g/cm’.
19.  The method of Claim 18 further comprising incorporating one or more
biocompatible components in the liquid composition.
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22.  The method of Claim 18 wherein the elongate demineralized bone particles
represent at least about 60 weight percent of the matrix.
10
23,  The method of Claim 18 wherein the elongate demineralized bone particles

represent at least about 90 weight percent of the matrix.

24.  The method of Claim 19 wherein the biocompatible component comprises

15 bone particles possessing dimensions other than elongate.

25.  The method of Claim 19 wherein the biocompatible component comprises

nondemineralized bone particles.

20 26.  The method of Claim 18 wherein the elongate demineralized bone particles
are selected from the group consisting of fully, partially and superficially demineralized bone

particles, and combinations thereof.

27.  The method of Claim 18 wherein the elongate demineralized bone particles

25  possess a median length to median thickness ratio of at least about 5:1 up to about 500:1.
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protic solvent, physiological saline, concentrated saline solutions, sugar solutions, ionic

5  solutions, liquid polyhydroxy compounds, and polyoxyalkylene compounds.

29.  The method of Claim 18 wherein the wetting agent comprises water and

polyhydroxy compound.
10 30.  The method of Claim 29 wherein the polyhydroxy compound is glycerol.
31.  The method of Claim 30 wherein the weight ratio of glycerol to water ranges

from about 40:60 to about 5:95.

15 32.  The method of Claim 18 wherein after heating step d, the osteoimplant is

subjected to a further treatment step.
33.  The method of Claim 32 wherein the further treatment step is selected from
the group consisting of lyophilizing, crosslinking, re-mineralization, sterilization, machining,
20 laser etching, welding, assembling of parts, cutting, milling and reactive etching.

34.  The method of Claim 32 wherein the further treatment step is Iyophilizing.

35. A method of repairing and/or treating bone comprising implanting at a bone

25  repair site an osteoimplant which comprises a shaped, coherent, three-dimensional porous
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10 37. A spinal fusion method which comprises:
providing an osteoimplant comprising a shaped, coherent, three-dimensional porous
matrix of elongate demineralized bone particles, wherein said matrix possesses a bulk density
of lower than about 0.3 g/cm’; and

disposing said osteoimplant between adjacent vertebrae of the spine.

15
38.  The spinal fusion method of Claim 37 wherein the osteoimplant comprises at
least one cavity or depression which contains at least one bone-growth inducing substance
therein.
20 39.  The osteoimplant of Claim 1 comprising at least one cavity or deﬁression.
40.  The osteoimplant of Claim 39 wherein the cavity or depression contains a
flowable osteogenic material.
25 41.  The osteoimplant of Claim 40 wherein the flowable osteogenic material is
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42,  The osteoimplant produced by the method of Claim 18.
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