WD 02/ 47732 PCT/ US01/ 48384 METHOD OF MAKI NG DEM NERALI ZED BONE PARTI CLES
BACKGROUND OF THE I NVENTI ON This invention relates to a nethod of naking
dem ner alwa@ez4iene particles useful in, or as, inplants PaVURY/384ari ety
of orthopedic applications. Mre particularly, this invention relates to a
met hod of making particles fromdemneralized bone that results in a 5
greater yield of dem neralized bone particles than that provided by prior
art methods of producing such particles. The manufacture of dem neralized
bone particles and compositions, materials and deV|ces contalnlng

deni neral i zed bone paELHORORNARING DENINERALLLED BONG PARFIOLESe def ect s
and for other orthopedic appli catl ons are known. 10 The m crostructure of
cortical bone consists of bundles, or fibers, of mneralized collagen that
are oriented parallel to the | ong axi s of the known nethods for maki ng

deni ner al i zed B MNLIONhdi vi di ng sections of whole, i.e.,

m neral i zed, bone e.g. by such mechani cal- operations as shreddi ng,
mlling, shaving, Fhis hnmammy relategto,a methodpeiondkiteg demirteralizedsbanh ipatticlas wsefilen
demi neralized, e.g., by treatment with acid. The 15 resulting dem neralized
bone parti cl esn,exhs, binplags bavigrdudetywé ophapedic epBisatidrat Meekmrticnkry, thisef ul  as,
or in, inplants intended for use in bone repair and other orthopedic

appl i cati ons. invéngomehvds &ckmethokoiowakingytalntindes foin dekinergizdé boreaha lrésplddinlaone
particles is that only a portion of the bone stock, e.g., 45 - 65 % by

wei ght, w k|l ygieated ydeihofdemaktaiad toaagartiged tharcthaiprovidedadg drivt etimethedsafse of
the nmechanical limtations of the bone mlling 20 nachinery, e.g., the need
to grip the bepelusingelchiparticike j aws of the nachine, only donor bone of a
fairly substantial size, e.g., intact cortical shafts, can be used as to

the source of -1 The manufacture of demineralized bone particles and compositions, materials and

devices containing demineralized bone particles and their use in the repair of bone defects
and for other orthopedic applications are known.

10 The microstructure of cortical bone consists of bundles, or fibers, of mineralized
collagen that are oriented parallel to the long axis of the known methods for making
demineralized bone particles involve subdividing sections of whole, i.e., mineralized,
bone, e.g., by such mechanical operations as shredding, milling, shaving, machining, etc.,
to provide particles which are then demineralized, e.g., by treatment with acid. The

15  resulting demineralized bone particles exhibit osteoinductive propertieé ;chat make them
useful as, or in, implants intended for use in bone repair andAother orthopedic applications.

One drawback of known methods of making demineralized bone particles is tﬁat only a
portion of the bone stock, e.g., 45 — 65 % by weight, will yield demineralized bone
particles. In addition, because of the mechanical limitations of the bone milling

20 machinery, e.g., the need to grip the bone stock in the jaws of the machine, only donor

bone of a fairly substantial size, e.g., intact cortical shafts, can be used as to the source of
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WO 02/ 47732 PCT/ USO1/ 48384 the dem neralized bone particles. The limted
anount of dem neralized bone particles that is obtained by the prior art
nmet hods ive0et/4wencern due to the limted availability of HOTOSOIBAERE. At
this time, regulations do not permt the pooling of donor bone material.
Since the quantity of 5 dem neralized bone particles that can be obtained
islimted both by the availability of donor bone and the size of the
bone, there i thedemaedlibalbome patiblosl of naki ng dem neralized bone particles
that is not subject to the constraints inposed by these Iimting factors.
SUMVARY COF THE | NVENTirtdlaimoust dldeminentiteddond pertidlentbattis ciaih@l riha/prite agt

nmet hod of making dem neralized bone to particles which nmakes opti num use
of donor bonemethbdd is oficdndéraliae toothe Baiteddvaildbélity bV @bt Bohe! At fHiwhéle a nmet hod
of making demi neralized bone particles that results in a greater yield of
particles for reguigiiotefoteapdrnitthefooindfRlohehBne B@RRAAI Sthck theldiadtitpsOVi ded by
prior art nethods. It is yet another object of the invention to provide

dem ner al i zedyhgiiGaRR0bbA Ftidles thdRart Bobl@kddiPfimfd SIS bPhe hiEBUE Jrundl es
of bone col |l agen by application of mechanical pressure to dem neralized

bone St 0CK.  FfiioRBincORl RflstzeQf teftend, MRS b ABkdbd 4 mbBod BRARISAS dchfindrhsee

skilled in the art in view of the above objects and the foregoing

spect Fi cat | ONporohalRER iYisot fubl Pt Erctfi Ahipd-calty Sdsd ilfin ifadrlv et | O,

there is provi met hod ot maki ng mn one particles which

conpri ses denggggﬁgk§Qﬂg%ﬂ@ghng gk and thereafter subdividing the

dem neral i zed ized bone particles. |In general, the
‘el d of der i el . b
Y venti on 15 o1 onilF PEIEI gnas kSRRl A E e biRUER D Biiblbde o,

greater, tlg' anpgrgc%s which makes optimum use of donor bone.

It is a further object of the invention to provide a method of making demineralized
bone particles that results in a greater yield of particles for a given quantity of whole bone
compared to that provided by prior art methods.

It is yet another object of the invention to provide demineralized bone particles in

15  the form of fibers or fibrous bundles of bone collagen by application of mechanical
pressure to demineralized bone stock.

Further objects of the invention will be apparent to those skilled in the art in view
of the above objects and the foregoing specification.

In keeping with these and related objects of the invention, there is provided a

20  method of making demineralized bone particles which comprises demineralizing~ whole
bone and ‘thereafter subdividing the demineralized bone into demineralized bone particles.

In general, the yield of demineralized bone particles obtained by the method of this
invention is significantly greater, e.g., from about 5 to about 20 wt.% greater, than that

obtained by first subdividing the whole bone into mineralized bone particles and only
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obtained by first subdividing the whole bone into mneralized bone
particles and only -2 WD 02/47732 PCT/US01/ 48384 thereafter

dem ner alwa@bngr7she mneral i zed bone particles to provi de BemURer#Bs4zed bone
particles. The term"particles"” as utilized herein is intended to include
relatively small bone pieces such as fibers, bundles of |oosely connected
fibers, threads, narrow strips, thin 5 sheets, chips, shards, powders,

etc., that po¢seaferdeguleaizingtheagnbatlizabonapativiesge proeideideminemhidedoneh may,
or may not be, conpletely separated fromeach other. The expression "whole
bone" as util patidiehierein refers to bone that contains its full naturally
occurring mneral content and includes anatom cally conpl ete bones and
sections thereof. TE: ithe“gaeticies” aewrlized hdréid dntended ys Rl feRitiNely 6fnall Boked bone
containing | ess than about 95 %of its original mneral context. The ‘
expressi on "f ylebas sdanistiven) buhdlds ofldostsesbnhictddifibers) BfeRdss ndrfowWaRss, @@t ai ni ng

| ess than about 5 %of its original mneral context.. The terns

"osteogeni ¢"  SifeetéS@ipsh@afishowidets] et Cthbdeiest 0@ lar! PrefiB&r rddomRodbikikd t Yy Of
a material or substance to induce new bone formation via the participation

of Iiving cel bgd whieh a9 br Wal Rbibel BSnRibtbS saRefeBnsh eRbaRgenesi s” as the
mechani smor result. The terns "osteoi nductive" as used herein shall be

understood to ref efpd QptelGoPRitold Bone@hs RilidBH ietdiPlefdd to%gé{hﬁ%ﬁgﬁlﬁj{s fpf ui t
and t he abpi

cells fromthe host which have osteogenic potenti al ity to
form ect opi ¢ hanGn@Beundiata0GtchOhd ikt HRaOA . The
terns "osteocoﬂguc ivgpﬂgs used &eré?hlshé%Fﬁgé u%@'ﬁgg%%gﬂ%§é§£ er to the
20 ability 0fs§ﬂﬂﬁﬁﬁ&%ﬁ4 or substance or material to provide surfaces that
are receptive to the growh of new host bone and "osteoconduction” as the

mechani s mgr res ul The term “demineralized” as used herein refers to bone containing less than about

95 % of its original mineral context. The expression “fully demineralized” as used herein
refers to bone containing less than about 5 % of its original mineral context..

The terms “osteogenic™ as used herein shall be understood to refer to the ability of
a material or substance to induce new bone formation via the participation of living cells

15  from within the substance and "osteogenesis" as the mechanism or result.

The terms “osteoinductive” as used herein shall be understood to refer to the ability
of a material or substance to recruit cells from the host which have osteogenic potential
and the ability to form ectopic bone and "osteoinduction" as the mechanism or result.

The terms “osteoconductive” as used herein shall be understood to refer to the

20  ability of a material or substance or material to provide surfaces that are receptive to the
growth of new host bone and "osteoconduction" as the mechanism or result.

The terms "autogenic”, "allogenic" gmd "xenogenic" are used herein relative to the

ultimate recipient of the bone tissue.



The terns "autogenic", "allogenic" and "xenogenic" are used herein relative
to the wultimte recipient of the bone tissue. -3 WD 02/47732

PCT/ USOL M@ 884773DETAI LED DESCRI PTI ON OF THE | NVENTI ON TheP@hoBel /43684
suitable for making the dem neralized bone particles of this invention can
be donor bone from any source. Thus, autogenic, allogenic or xenogenic

bone can be used with autogenic and al |l ogeni c bone being preferred. An
especi al | y us@HETAIREDJdDEIERIPTION: OO JETH INVENEIN can be porci ne, equine, or
bovi ne. The bone can be cortical, cancellous or corticocancellous. The
preferred bone is Ths whelabom suitabeoE mbling the@einerdlidilione partillesof thik bul a,

radi us, ulna, etc.. The nethod of this invention is applicable to whole

bone in a var h@feﬁh(ﬁfcaﬁ%é @6nor bk AiyeouicbeTRRN@tdHehic] ARGerdGortdfogehiar t i Ng,
or stock, material wll range in size from10 relatively small pieces of

bone to bone Bbnesdan e AaMBRH ASemS akPallR8eliCERB Db ?@{e@e@a 1AQ ebdesiallpAREAM cal
origin. In general, the pieces or sections of whole bone stock can range

from about 1.0.a001hoARR ik A6k REGHEEARAY of BARAEBbotd dhRb@ARMEa, 100 MM

in median length, fromabout 0.5 to about 20 nm and preferably fron1about
2 to about 10 MiByods Q)r c&ﬁ%c@ﬁbeﬁ&lsc K’H@ﬁéfeﬁ@&i b&ﬁquhﬁ'ﬁ&lll EIIC;IgeﬁlQ bAROHE. Ak

and preferably fromabout 2 to about in nmedian w dth.

bone is Obta'ﬁﬁg,ﬁ&ﬁyhﬁﬁﬁ59BQ%&: it is processed e.g., cleaned,
at

di si nfected ed, eté usi ng net hods well known in the art. The

entire bone can thep, m@ﬁo{i’l Za{l@ﬁx@hﬁ&ﬁﬁ e&ﬁmaﬂlétod@ﬁa‘lef@o% 1ﬁi‘x?ar}8§r’b?s&é’s“ just be

secti oned before dem ner i on entire bone or one or nore of its

_SGCt | 0 ns Is t nrteﬁjtf'g Jﬂgcl?one ufﬂozeg ?ﬁh@ Sta lln!g,tzoar‘ts{o aQer?a? wﬁflgt a1¥r1] 912% UC e the

i norgani c cont eve At 1 ess ?‘10@6by

10 relatively small pieces of bone to bone of such dimensions as to be recognizable as to its

Mterthe

anatomical origin. In general, the pieces or sections of whole bone stock can range from

about 1 to about 400 mm, and preferably from about 5 to about 100 mm, in median

length, from about 0.5 to about 20 mm, and preferably from about 2 to about 10 mm, in

median thickness and from about 1 to about 20 mm, and preferably from about 2 to about
15 10 mm, in median width.

After the bone is obtained from the donor, it is processed, e.g., cleaned,
disinfected, defatted, etc., using methods well known in the art. The entire bone can then
be demineralized or, if desired, the bone can just be sectioned before demineralization.
The entire bone or one or more of its sections is then subjected to demineralization in

20  order to reduce the inorganic content to a low level, e.g., to contain less than about 10% by
weight, preferably less than about 5 % by weight and more preferably less than about 1 %
by weight, residual calcium.

Demineralization of the bone can be accomplished in accordance with known and

conventional procedures. Demineralization procedures remove the inorganic mineral
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wei ght, preferably | ess than about 5 % by wei ght and nore preferably |ess
than about 1 % by weight, residual calcium Dem neralization of the bone
can be aovonpdi’shed in accordance with known and convent POAEROIpSeRIedur es.
Dem neral i zati on procedures renove the inorganic mneral -4 WO 02/ 47732
PCT/ USOL/ 48384 conponent of bone by enpl oying acid solutions. Such
procedures are well known in the art, see for exanple, Reddi et al.,
Proceedi ng of ¢ohpohéat pOrmak bAcadbming efid Scivdons e Sudifprodeduretne twell kisbvard @She

of Anerica 69, pp. 1601-1605 (1972), incorporated herein by reference. The
strength of t het, sepifor exoiyle] Rerdi ttud, BlvapingdisiNatoni] AdaderdosreScadndestdighe
duration of the 5 dem neralization procedure will determ ne the extent of
demi ner al i zat | Umited Senarofidhyrics 0 ak.il 641 -1686 EX72)) @iterpptdd RRsn BySreCpdrioar ek t 0
smal | particles will require nore | engthy and vigorous dem neralization.

Cui dance for sqrength bfthpadiasaitdns the Ghapk hed o rMes tnk 2@t the Gu@fion sfithd er ent
size bone can be found in U S. Patent No. 5, 846,484, Harakas, Cinica

Ot hopaedi s adechildediizhish greseaie 6l d@BmiRhe Sxtént BdminddliZaByRNSERMEK et
al ., Journal 10 of Bionedical Miterials Research, 31, pp. 365-372 (1996),

each of which spsaﬁﬂgqarﬁmroa& ﬁ&ﬁo@é’asrcgﬁlﬁir%%nﬂﬁﬁ)%@hs il RqBRIThAE idletng dhd ON
procedure useful in the practice of the invention herein, the bone’is

subj ected to a;gdphatdinihdisidl 661ahRg filspRifd Rtanetord %h&%ﬂﬁ&&’aﬁ%&%d

dem neralization step. A useful defatting/disinfectant solution 1Is an

aqueous ol Ut i et oir2 bEAJIAARL foukali & BINANA: MBS B FegpRthaokyapl for 11 pi ds

and the water beling a good hydroph carrier td eh e solution to

penetrate nor %d[:a{;o?%d:fcsiaﬂﬁ Rﬁltéa{ég 1@&558(}:/19%5 ?%ﬁiﬁ%l%g_ﬁﬁld 130w 1§ repaef.n%umal

solution al so ntects t one I ng vegetative mcroorgani sns and

ot oS Lk reaRt dERMs K01 $1, bR R0 (961U RS SR orpotacdE 7

of water

by reference herein.

In a demineralization procedure useful in the practice of the invention herein, the
bone is subjected to a defatting/disinfecting step that is followed by an acid
demineralization step. A useful defatting/disinfectant solution is an aqueous solution of

15  ethanol, the ethanol being a good solvent for lipids and the water being a good hydrophilic
carrier to enable the solution to penetrate more deeply into the bone particles. The
aqueous ethanol solution also disinfects the bone by killing vegetative microorganisms and
viruses. Ordinarily at least about 10 to about 40 weight percent by weight of water (i.e.,
about 60 to about 90 weight percent of defatting agent such as alcohol) should be present

20  in the defatting/disinfecting solution to produce optimal lipid removal and disinfection
within the shortest period of time. A useful concentration range of the defatting solution is
from about 60 to 85 weight percent alcohol or about 70 weight percent alcohol. An
alternative c;r supplemental defatting solution is made from a surfactant such as Triton X-

100 at a concentration of 0.1 % to 10% in water. Following defatting, the bone is

5.



about 60 to about 90 wei ght percent of defatting agent such as al cohol)
shoul d be present 20 in the defatting/disinfecting solution to produce

opti mal IW@bzi4178oval and di sinfection wthin the shorteBCT/p8o1/488840f ti ne.
A useful concentration range of the defatting solution is fromabout 60 to
85 wei ght percent al cohol or about 70 wei ght percent al cohol. An
alternative or supplenental defatting solution is made from a_ surfactant
such as Trit onm¥ersé®h atd evectine wreffeat deomendliz@tioh. ¥ctds whitocambavahgibyed in

Fol l owi ng defatting, the bone is -5 WO 02/47732 PCT/ US01/ 48384 imersed in
aci d over ti nehitstepincindé indepanioacids sichtas bydrochirid acidand brgarde adids saolphsoyed i n
this step include inorganic acids such as hydrochloric acid and organic

aci ds such as pepesiiveeid Afrcidd trédifithert, the dehihérekdctBoie is tied et segilekiatzedr bone
is rinsed with sterile water for 1injection to renove residual anounts of

aci d and t her elj¥ctionits nioherepidual ambothts 0MciardaReréts raikd hapHON, the bone is
subdi vided into dem neralized bone particles of desired configuration and

size. Usefyl for tipelicwihdicnhisédizabn, itCoond BELREYVIAd BRUcPMRRaIREEHIBC I Nes or
i nstrunments known to the arts of , e. shredding, mlling, pressing,

shavi ng, machigifgs o?&ésfré&jdoﬂﬂg@ﬂiﬂnoc{nd@%tUMul f@Jthé‘ﬁib@wﬁEoanf' thtle materials
such as wood, plastics, soft netals, ceramcs and the like. Particularly

preferred 1o %ﬁ’uﬂ&éh&&i bbr{%%é&ﬁhcﬂﬂleb @Pﬁ%nﬁ@n'ts' 1@iowh ihé Bk 48, k! s'l‘qredﬁﬁh a“ ng

mlls and cutting mlls. Many of the pref erredlnstrurrents for t
subdi vi si on ofy;jh &9&1 eE}?alvlngeﬂ%@lﬂ{ \eec&dduf E\Imﬁgth 1@"260'
bone, by cutting separatin i ner a |ze rraterla Irection

parallel to tr}ﬁatﬁ{l%gsﬁhﬂs%oﬁqg%ﬁg éégmis cé?@r%g ﬁmldltﬁer haragéc%ﬁa&@gx%f&?@ of

equi pnent or usef tti1ng

mat eri al s such_as..wo I.C I n t i vide
t he dem nelr%al iZe laﬂlboggmhﬁ%ﬁ]o&ct il a%%t nt%qﬁlg,ﬁeﬁba %n%%%%ﬁ‘ld ?ﬁtslhlé Is%1‘%1hesa(rR/|Iang%(fi I'ls
and cutting

the preferred instruments for the subdivision of the demineralized bone will fragment the
demineralized bone, by cutting or separating the demineralized material in direction
parallel to the underlying collagen fibers

Particularly preferred types of equipment or machine useful for shredding, cutting
15 hard or brittle materials such as wood, plastics, soft metals that can be used to subdivide

the demineralized bone include impact mills, grating mills, shearing mills and cutting

mills. Many preferred cutting and milling instruments and or machine will fragment the

demineralized bone, by cutting or separating the demineralized material in direction

parallel or nearly parallel to the underlying collagen fibers. Mills, presses and extruders
20  are particularly useful in this regards.

An impact mill has blunt rotors or swinging hammers that move at high speed and
subdivide the demineralized bone stock by impacting upon the bone shatteriﬁg it into
fragmentary particles. The bone tends to shatter along the lines of the natural collagen
bundles constituting the microstructure of the bone. Similar mills with sharp cutting rotors
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mlls. Many preferred cutting and mlling instrunments and or machine wl|
fragnment the dem neralized bone, by cutting or separating the

dem neralwaezl4mat erial in direction parallel or nearly pRECEURE/4888 t he
underlying collagen fibers. MIIls, presses and extruders 20 are
particularly useful in this regards. An inpact mll has blunt rotors or

sw ngi ng hammers that nove at high speed and subdivide the dem neralized
bone st ock by téndgachdpribe byeinto kendydnesysimadttieparijes as opprised toftheafihrews ar y
particles. The bone tends to shatter along the |ines of the natural

col | agen bungbesies obisined with mginifaet millchasitr speddiis e faofor tHatinkioemees the mshlar
mlls with sharp cutting rotors -6 WO 02/ 47732 PCT/US01/ 48384 tend to chop
t he bone i nt o Tool@wh apeed yagreiuse thepand jogll:aticalls defopn salthr than khgtef intar autdécles
particles obtained with an inpact mll. Inpact speed is a factor that

i nfluences thasfeygitd. . Thislad singlr actRERbI@Yin GRUPeratifitofdgaticular gpasi i cal |y
deformrather than shatter into particles as required. This and simlar
factors inyol vefel df ilnbsot IR odrb e @miferfladed beddl fverstoiPBe StinfzdaReploydig | Mpact
mll to provide dem neralized bone fibers can be optim zed enpl oyi ng
routine exper SRtk kpRihenttiofiearing mll subdivides dem neralized bone
stock by tearing the bone apart. The tearing action tends to

preferentially breaknthihanSunpaid: dhirel:izRKE b Blring Hifbonk upsit | 0N

bet ween dem neralized col'l agen bundl es represent weak points and result

is 1o the pragueltign.Qiontdiielo frofBEniRAly ek 8R botbsaRRt R EelipoBRI T 2
mﬁ%el wh

| at he can be adapted to carry rotary”grindi ng ose

ci rcunt er ent | dnciitd @hfech SedildARA bhileln BLAIRGL GG LK BB GhE BRSNS the

bone stock is pressed agalnst the rotating utting elenments

produce fiher- j A:his type of particle-form ng operation,
118 tl%ely;grgducegﬁ éit, f?ﬂlegﬁlges f):ﬂhél@é t

the resulting rous p are no

The spindle element of a lathe can be adapted to carry a rotary grinding wheel
whose circumferential surface is studded with projecting cutting elements. As the bone
stock is pressed against the rotating wheel, the cutting elements produce fiber-type
particles. In this type of particle-forming operation, the resulting fibrous particles are not

15  separated along the lines of natural collagen bundles.

Still other apparatus useful in milling bone particles according to the invention
includes mills available from IKA® Works (Wilmington, NC) such as the model A 10
IXA-Analytical Mill or the model M 20 IKA-Universal Mill. Such mills have cooling
connections and are suitable for the grinding of hard and brittle substances with a

20 maximum grain size of 6 — 7 mm. It has been determined that a stainless steel star-shaped
cutter provides particles of a useful size. Other milling machines useful in the practice of
the invention herein include drum cutter bone mills such as those available from Tracer
Designs, Inc. (Santa Paula, CA), e.g., its bone mill model BM1000.

A particularly effective method for subdividing demineralized bone stock is to
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15 separated along the lines of natural collagen bundles. Still other
apparatus useful in mlling bone particles according to the invention

i ncl udes W bt/¢778x7ai | abl e from I KA(r) Works (W I m ngton, NTAHACIMSa t he
nodel A 10 |KA-Analytical MII or the nodel M 20 I|IKA-Universal MII. Such
mlls have cooling connections and are suitable for the grinding of hard
and brittle substances with a 20 maximumgrain size of 6 - 7 nm |t has
been det er mi neubjedidte twns togiredsimgs The shmplesitpagssisg tepktiquedsitotapplypresvire @sthe
particles of a useful size. Oher mlling nmachines useful in the practice
of the i nvenunomstieEnei demimrilizdébahe u Bxouflesinclbdngeswing ltis: toue bsiigsa inbae

avail able from Tracer Designs, Inc. (Santa Paula, CA), e.g., its bone mll
model BMLOOO. aAd pasile, applysng apoBifhif/prtdingemotidntsoch 4sds ganetatid\by dirsitinglgin) srer al i zed
bone stock is to -7 WD 02/47732 PCT/ US01/ 48384 subject the bone to
pressing. The psdssipg @ tbofs piscs bgwearlud bfitiRvddlites. aAMpdeVflape@oSptRuted cduie
unconstrai ned dem neral i zed bone. Exanples include pressing the bone using

a mortar  and tigesint Gberd BPdephrd@. Wnlik thé PETREESEhIIFRALRTISHEROARS | S
generated by a rolling pin, or pressing the bone pieces between flat or

curved pl at es middiagRd bb, bfé@dﬂg}ﬁeﬂﬁ&?ﬁﬂécﬂ&on@%U&&o@aﬁd@%ﬁQH@prEéeQ@ih%nhgn
separate. Unlike the prior art nmethod for making fibers from mneralized

bone, pressi ng: Ak iridhizRfLER Q@lldg@n BEEOME R olhd fibetd1Rade rﬁ%ﬁﬁ@he& BNt i on
provi des intact natural bone collagen fibers. (not conposite fibers nade

fromjoined sh@tisectdiBfthatias bé 95']51)%145% ﬁtfé?s']n% cﬁﬁlﬁe‘?ﬁ&e@ﬁoﬂ% %C]I frﬁ%r\;ﬁné}p the

dem neral i zed bone stock from whi they were obtal ned. 10
pressing tech eg Y&erd SRLYEs mechanically pressing dem nerali zed bone which
is constraine thin a seal ed chamber having a hole (or a small nunber of

holes) ~in,its 1 ORbofbr 01 BoRhifHicinvol A8 nRERAANS Brel iRttt U fork " OUIN

t he hol es vmth th

which is constrained within a sealed chamber having a hole (or a small number of holes)
in its floor or bottom plate. The separated fibers extrude through the holes with the hole
diameter limiting the maximum diameter of the extruded fibers. As with the
unconstrained pressing method, this constrained technique results in fibers that are largely

15  intact (as far as length is concerned) but separated bone collagen bundles.

In a combined unconstrained/constrained pressing technique that results in longer
fibers by minimizing fiber breakage, the demineralized bone is first pressed into an
initially separated mass of fibers while in tﬁe unconstrained condition and thereafter these
fibers are constrained within the sealed chamber where pressing is continued.

20 In general, pressing of demineralized bone to provide demineralized bone particles
can be carried out at from about 1,000 to about 40,000psi, and preferably at from about
5,000 to about 20,000psi.

Depending on the procedure employed for producing the demineralized bone

particles, one can obtain a mass of bone particles in which at least about 80 weight
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dianeter limting the maxi nrum di anmeter of the extruded fibers. As with the
unconstrai ned pressing nethod, this constrained technique results in fibers
that arewanyel7y2 15 intact (as far as length is concerneB{T/ge1/48883ar at ed
bone col | agen bundl es. In a conbi ned unconstrai ned/ constrai ned pressing
technique that results in longer fibers by mnimzing fiber breakage, the
dem neralized bone is first pressed into an initially separated mass of
fibers whil e ipsrcehigpiefecabiysatietisimbdutddvdiight perceanhand thest peffdranly ttlesseabobti Iver s
are constrained within the seal ed chanber where pressing is continued. 20

I n general, presgitpercaft, afdhm paeticidsippesesshaomaiandengiioofi frben alent 2 erahbitz60 nimone
particles can be carried out at from about 1,000 to about 40, 000psi, and

preferably at dpeatespodférably a@dianderatioiftfroRabOM®iaboudsSp @mnli a1gedidn thibkness
procedure enpl oyed for producing the dem neralized bone particles, one can

obtain a mass o@froRQbButRs tol abb&sl 5infin\aéfefablgta nhedamtthiales ofFRmVEHoGNE to abSut\WO
02/ 47732 PCT/ US01/ 48384 percent, preferably at |east about 90 wei ght

percent and noshmps skah@bidth ot frée abdut 2RP4bouSB mweheRRtabBe ©6din width dfFRm
particles possess a nedian |ength of from about 2 to about 300 mm or

greater, prefebakiioabd®dd fitn hiNGheiaf leﬁggmtﬁbﬂié%s 1atié AndiQUhed? 1605 @
medi an th| ckness of fromabout 0.5 to about 15 nm preferably a nmedi an

thi ckness of fv%@ﬂﬁ‘r@thpd{tfro]n 5P RW00 prefeABly fébn[%'u@fb {86 106, froqmealut 2

to about 35 mm preferably a median’ width of from about 2 to about’ 20 nm

and a medi an 'n%QBﬂ‘b&QPHBHQé‘%%% gEa%Eders%HE’d o cﬁffé’i%&'s?z@s, e Qcﬁeé?un dtp

rati o of from about 2 , preferably from about t 0 about I

desired, the aﬁ%?ar@ﬁeéé%@ﬁmﬂfé %}a@ %oﬁ@ﬁar&&esﬂﬁ?s% e%%ttc%rg?é %?&B&'bxf ferent

sizes, e.g., by screening, any tess desir bl & orze one
particles %hathgﬁ%mg? present can be reduced or 10 eli m nated.

At this time, depending upon their intended final usage, the demineralized bone
particles can be utilized as is or stored under aseptic conditions, advantageously in a
lyophilized or frozen state, for use at a later time.

The demineralized bone particles of this invention find use as, or in implants, for a

15  variety of orthopedic procedures where they participate in the bone healing/repair process
through one or more mechanisms such as osteogenesis, osteoinduction and
osteoconduction. The demineralized bone particles can be used as is, or formed into a
variety of product types such as a gel, putty, or sheet. The demineralized bone particles
can optionally be admixed with one or more substances such as adhesives, fillers,

20  plasticizers, flexibilizing agents, biostatic/biocidal agents, surface active agents, binding
and bonding agents, and the like, prior to, during, or after shaping the particlés into a
desired configuration. Suitable adhesives, binding agents and bonding agents include
acrylic resins, cellulosics, bioresorbable polymers such as polyesters, polycarbonates,

polyarylates and polyfomarates. Specifically, tyrsine, polycarbonates, tyrosine
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At this tinme, depending upon their intended final usage, the dem neralized
bone particles can be utilized as is or stored under aseptic conditions,
advant agavost/y778n a |yophilized or frozen state, for usePET/USOI4sB&Ir ti me.
The dem neralized bone particles of this invention find use as, or in
inplants, for a 15 variety of orthopedic procedures where they participate
in the bone healing/repair process through one or nore nechani sns such as
ost eogenesi s, pagdrglater gatyiglyoolides,colydstidascginailidé-iastide chpelyderiettefdtabz difletsone
particles can be used as is, or formed into a variety of product types
such as a gel inclndé bone porwdathéatinerdted demd posrdal, hydrokylapatite, par tSuitdbds can
optionally be adm xed with one or nore substances such as adhesi ves,
fillers, 20 pplasicigiszad flexibiliedp bidntzihslgledgaidtplyhpiosy edgoubdntidad agents,
surface active agents, binding and bonding agents, and the like, prior to,
during, or af gigEersiNmphdbetit, ARcEa, bic ChieEbIE BioBtatic/bidEiail heehtCRhACHMBIOLE)
Sui t abl e adhesi ves, binding agents and bondi ng agents include acrylic

resins, cekl uhRsidese, sibaf 65 Sudablk SurRRL-YEFE SgsnuCificlade RO bXEsHRible nonionic,
pol ycar bonat es, polyaryfates and pol yfomarates. Specifically, tyrsine,

pol ycar bonat egatiohit! AfddiCand AmPRb ¢ diffhddntPCT/ USO1/ 48384  pol yaryl at es,
pol ygl ycol i des, polylactides, glycolide-lactide copolymer, etc. Suitable

fillers include hong:BRWRCIomiARiAE balhRkIReNRARMIRL: inBHdbNNARAYL &
etc. Suitable plasticizers and flexibil'izing agents include |1 qui

pol yhydroxy CQ%%%H@%&HS%@:& cargl])eYaQJg{u?lgted SHH&EE% ag’deéi!rig&?i‘hitﬂs. Faleht Nl tabl e

bi ostati c/ bi oc gents 1 nclude a Iotics, rovi done, sugars, etc.

Sui tabl e surf ' ' ' j I.Onl_C:

cati oni o, - ani Sers 2R3 RES08 tnd ARHRSS b e RAPUG RN Rt A0y e
bone partkglegffzp

content can be au 61 ﬁ@ ﬁotfgn?f q{g]éﬁ}ﬁ%lg:j (Q is‘grgl%% l%iq’g}sa (E: I’Slle%%{f%ls ﬁarﬁ?e%?coﬁgo?%r’f{ in%(rr)g o

associated with the bone particles either before, during or after their formation. Thus, e.g.,

one or more of such substances can be introduced into the demineralized bone particles,
e.g., by soaking or immersing the bone particles in a solution or dispersion of the desired
substance(s).

15 Medically/surgically useful substances which can be readily combined with the
demineralized bone particles of this invention include, e.g., collagen, insoluble collagen
derivétives, etc., and soluble solids and/or liquids dissolved therein, e.g., antiviricides,
particularly those effective against HIV and hepatitis; antimicrobials and or antibiotics
such as erythromycin, bacitracin, neomycin, penicillin, polymyxin B, tetracyclines,

20  viomycin, chloromycetin and streptomycins, cefazolin, ampicillin, azactam, tobramycin,
clindamycin and gentamicin, etc.; biocidal/biostatic sugars such as dextrose, glucose, etc.;
amino acids, peptides, vitamins, inorganic elements, co-factors for protein synthesis;
hormones; endocrine tissue or tissue fragments; synthesizers; enzymes such as

collagenase, peptidases, oxidases, etc.; polymer cell scaffolds with fragments;
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4,743,259 and 4,902,296, the contents of which are incorporated by
reference herein. Any 10 of a variety of nedically and/or surgically useful
subst ance®0 02477B2 i ncorporated in or associated with thePODUSOIS®BE4 Cl es
either before, during or after their formation. Thus, e.g., one or nore of
such substances can be introduced into the dem neralized bone particles,
e.g., by soaking or imrersing the bone particles in a solution or

di spersi on of syiihestressi erepimessuoh ancrdlegayse, ddptilasel, ozildhsps, stor;gpiotyalek yelsef ul
substances which can be readily conbined with the dem neralized bone
particles of tbtiffoldsrwithiaremnhymnad keltheangigenic dmas dralgeiymdricairistsl centamidgagen
derivatives, etc., and soluble solids and/or |iquids dissolved therein,
e.g., antiviridoigde]lagepdattitesidntipénic ideasoyedskaetili agents@aidtitgt fipMeras) tiving
hepatitis; antimcrobials and or antibiotics such as erythronycin,

baci traci n, neelgsutas dheidr6dytds] Bone BRAmSWESI) mBsentBfniA st deE BaturdPetiaOFY Ci N,

chl oronycetin and streptonycins, cefazolin, anpicillin, azactam
tobranmycins  Gkéud@amplints, Bote, AMhaMiZd BonePoFder, AltGeh&R shie@ SicBtidodsugar s
such as dextrose, glucose, etc.; amno acids, peptides, vitamns,

i norgani ¢ el eRBkS sofCiRuid 6bRimBartd¥, R; BlRlIRsH¥) bhRShephoderi PRAGSs (BRASPCT i ne
tissue or tissue fragnents; synt hesi zers; enzynes such as coll agenaSe,

pepti.dases, OX,Aa5%8n ' VIR b Gi6 € ' Sy - 10 WO
Dol 47755 pCT) aSa e £b G’tshyfﬁ?ﬁ}esi ot 12%“3‘32%‘5 U Mool (16 28@9&‘?&:

ti dases, oxj veltoon l ' : s,
pepti dases, oxidas%s Veﬁlg?owth!i’&@t&gpfrlai 9 ,érowﬁl%%%eg%éﬂaﬁgorgﬁgﬁ@%% cells

angi ogeni ¢ drugs and polyneric c s contal ni ng suc rugs, collagen

attices; antiggenbs; ARRMG R OHL ARKERELArAIRN! i %]stl bh Aol %g%'&& B¢id

living cells ocytes, marr nmesent

I'l's, I ' ' lized b
cells, nat 4 Alestb tsﬁc%cag §aﬁléegltet§ tnifﬁytgﬁe ;a%(gggﬂgg %%Oesggsp cﬁ' pgﬁrg‘@alggg %lgclho% %naml%g €

powder, autogenous tiss ( . € narrow,
etc.; bioad he%‘e%%%ii/espglgﬁa- A% nggl%/%gs!, %tc.‘;) L ' Ghdlsic gcl%cl}/sp S1)}1’6 amounts of such optionally

added substances can vary widely with optimum levels being readily determined in a
specific case by routine experimentation.
The method of this invention will be better understood by way of example. As is
15  the case throughout this application, all parts are by weight unless otherwise specified.
The examples are provided as a means for explaining the invention herein and are not
intended to limit the invention in any way.
EXAMPLE 1
A right diaphysis (99g) of human donor origin was divided lengthwise into four
20  sections. The total weight of all the sections was 94 g. The bone sections were placed in a
2-liter container along with 1410 ml of a 0.6 N HCI solution. After approximately 6 hours
the solution was removed and replaced with another 1410-ml portion of the acid solution.
The bone sections and second aliquot of acid solution were subjected to mild vortexing

with a magnetic stirrer for two days. The bone sections were demineralized until they
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transform ng gromh factor (TGF-beta), insulin-like growmh factors (I1G--1)
(I1G~-2); platelet derived gromh factors (PDG); growth hornones such as
somat ot r apd n/416Ne di gestors; antitunmor agents; i mMuNo- SEOPUSEISEHRBR4S;
perneati on enchancers, e.g., fatty acid 10 esters such as | aureate,
nyristate and stearate nonoesters of polyethylene glycol, enam ne
derivatives, al pha-keto al dehydes, etc.; and, nucleic acids. The anounts of
such opti onal Iwere endajdetels tbsduenniosithvarany aisjblavnihetajizedd arénsoppticanugsubsatiadlybei ng
readily determned in a specific case by routine experinentation. The

met hod of t hi sompleenieindnerakizhtionb &hb dérhmeralired dbsd @oions wevatfierofinsed avith vater As i s
15 the case throughout this application, all parts are by wei ght unless

ot her w se speanfil thelpH of the riaxewgibesasabevept. @ Viidedmasraize®beis sédionex@t dell NQ
the invention herein and are not intended to limt the invention in any

way. EXAMPLE ZXodked 0% ethafpn il ol 989 dedtindibiimed bedsedtions wgietutv@ih sissbded
| engt hwi se into four 20 sections. The total weight of all the sections was

94 g. The Boneo Heitd HASISM E) 1K AACRE eshl Mill 22d pidcedse € RNbSNNEfor MoAngH W th 1410
m of a 0.6 N HC solution. After approximately 6 hours the solution was

removed and r QRloa&eE pidube @RRhRRzed BdM-patticRO i the ForRfortiBers aabd 190kt i on.
The bone sections and second aliquot of acid solution were subjected to

m | d vortexi ng o) t PheHRINGE tHon Fokdd Bl bfogﬁu&éﬁ%fi@abﬁt plepdypne sections
were dem neralized until they -11 WO 02/°47732 PCT/ US01/ 48384 were

conpletely translucent without any visible mneralized areas indicating
substantially conplete dem neralization. The dem neralized bone sections

e e L1Sed o YELST PSRRIl gpgec vacer e sbove 4.0
hour. The 1(3 em neral i ze dl 1@%“0% n%ﬁ&&l'lz%ﬁ Rufl c?ong%on\é/iv&ag' m%l?édslﬁ (alresmilling machine
described in U.S. Patent No. 5,607,269 to provide a quantity of mineralized bone particles
in the form of fibers. The mineralized fibers were then subjected to a demineralization
process described as follows. Allogenic cortical bone is placed in a reactor. A 0.6 N
solution of HCI at 15 ml per gram of bone is introduced into the reactor, the
15  demineralization reaction proceeding for 1 to 2 hours. Following drainage of the HCI, the
bone is covered with 0.6 N HC1 /20 ppm-2000 ppm nonionic surfactant solution for 24 to
48 hours. Following drainage of the HCI / surfactant solution, 0.6 N HCI at 15 ml per
gram of bone is introduced into the reactor, the demineralization reaction proceeding for
another 40 to 50 minutes resulting in substantially complete demineralization of the
20  starting cortical bone. Following drainage i:hrough a sieve, the demineralized bone is
rinsed three times with water for injection at 15 ml per gram bone weight with the water
for injection being replaced at 15-minute intervals. Following drainage of the water for
injection, the demineralized bone is covered with alcohol and allowed to soak for at least

30 minutes. The alcohol is then drained and the bone is rinsed with water for injection.
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5to fit into a nodel M 20 I KA-Universal MII and processed in the mll for
about 30 seconds to produce dem neralized bone particles in the form of

fi bers (Webz247w32 98g, 110cc). The fibers were then frozeRCrUE01/48843hi | i zed
for about 12-15 hours. COWVPARATI VE EXAMPLE 10 119 g of mneralized human
donor bone was mlled in the mlling machine described in U S. Patent No.
5,607,269 to provide a quantity of mneralized bone particles in the form
of fibers. Thdhaideminatalizddohé isdien swedieidédiartheshobg edliiaglapiparasdé i) @arhi zat i on
process described as follows. Allogenic cortical bone is placed in a
reactor. A 0. &NAN5,68D26M togieldd mbkS| of démibbratitedfpetie prradlesaif fibeoue coFigunticoduced
into the reactor, the 15 dem neralization reaction proceeding for 1 to 2
hours. Fol | owiThg deiniknkige bohe ¢lbmettChre theh @raidedngd irsnstpiée tedllyophilzafoirdy HC
/20 ppm 2000 ppm noni onic surfactant solution for 24 to 48 hours.

Fol I owi ng dr aiaA@@8zeafat {H0eC Frlat east Gbae! TRS denithddhliRM borfe pardYiesied tRdn 15 M per
gram of bone is introduced into the reactor, the dem neralization reaction

proceedi ng sf Qﬁyopﬁﬂﬁémlloﬁgg;sﬂ?%gd gig@éﬁu?e% 5084 g Ahrd. PA%&%}iﬁ%gl}eal Iy

conpl ete dem neralization o starting cortical bone. | owi ng

drai nage thro . I ) |l i i e tines
w th water fotdg@ﬁ?rggﬁ%\éb?n%%ﬁﬁggseréﬁ g(g{reagfélgs%gbg%gﬁ\?\fgﬁ)gfﬁp BA\?\A&?%H}{ ﬁg wat er for

injecti bei repk: -Jd pute | | |.ow ' f th
it or for i SR PR et BRI b s e SRR R s

allowed to so I 30 minutes. The al cohol is then drai ned and
the bone is r?‘}r%gg%{dw%%%gsvgst%ér for injection. -12 WD 02/47732

TS0 A S A s
one o1 erlit s IAPBU Rl ikt ettt af S Aathtid L Py ot e S PP 2y

Example:
Amount of Wt. % Yield of
Product Demineralized
Starting Demineralized Bone Particles
Whole bone Bone Particles Based on Wt. of
Wt. (g) wt. (g) vol.(cc) | Whole Bone
Example 2
99 17.98 110 18.2
Comparative
Example 119 15.27 75 12.8

As these data show, the method of this invention in which demineralization of the
15 whole bone precedes its subdivision into demineralized bone particles (Example 1) yielded
almost 50 wt.% more useful product than that resulting from the prior art ﬁlethod in which
demineralization is conducted only after the whole bone has been subdivided into

mineralized bone particles (Comparative Example).
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and frozen at -70C for at least 6 hours. The dem neralized bone particles
are then 5 |l yophilized follow ng standard procedures for 24 to 48 hours.
After drweg2/417B2 dem neralized bone particles are sort eBCT/OR01%48384. The
yield of substantially fully dem neralized bone particles nade follow ng
this procedure, as neasured before drying, was yield 15.27g, 75cc. The
follow ng table conpares the yields between the nethod of Exanple 2 to
illustrating the present invention anEXAMPpERor art nethod illustrated in
t he Conparative Exanple: Amount of W. % Yield of Product Dem neralized
Starting Dem ner al SastnBdlyfuladdnintrelzed Vibalk erosogeetidde e aBaut LEnheia Idghed on
W. of W. (g) wt. (g) vol.(cc) Wwole Bone Exanple 2 99 17.98 110 18.2
Conpar at i ve ExapgihRiallylfredsbd Botwéén thd. flat flates bs@art@tpeessPlaprdsiigesiighgd of
this invention in which dem neralization of the 15 whole bone precedes its
subdi vi si on i fifog 31600 dped abdu 20l000PsE TR firktiGr@Sing EeR4Tdn Fladdned IR tdQ6 secBbiEOSt
50 wt. % nore useful product than that resulting fromthe prior art method

in which demupebsthh &depite iiRircoNsbés bedQnhy 8k eThit RBRwMIPKS hanendas been
subdi vided into mneralilzed bone particles (Conparative Exanple). -13 WO

02/ 47732 PCT/ Ws9 :%Cffgl%%d again employing similar pressures as before. The pressing operation was

again repeated yielding a mass of coarse bundles of fibers that were not completely
separated from each other. The yield of fibers was about 50 wt.% based on the volume of
the [starting demineralized bone sections] and many of the fibers possessed lengths that

10  were nearly as great as the natural fibers of the bone stock. The fibers ranged in length
from 10-15mm, with some fibers in the range of from 20-25mm, and possessed diameters
of about 2mm. Material that was not in fiber form remained in bundled fiber clumps.

The fibers were further subdivided in an impact mill for [30 seconds] resulting in a
reduction of the diameters of many of the fibers and fiber bundles without, however,

15  significantly reducing their length. Thus, the fibers continued to fall within the aforesaid
range of length but their diameters were now within the range of from about.O.S to about
2mm.

EXAMPLE 3
Demineralized fibula cross sections, about 25 mm in length, were placed in a series

20  of 29mm diameter press cells possessing single orifices in their bottoms having diameters
of 1, 2 and 3mm, respectively. Under pressures on from 5,000-10,000psi, the
demineralized bone sections subdivided into fibers which extruded through the orifices.
Yields of demineralized fiber were on the order of nearly 100 wt.% in almost every case;

little or no bone remained in the cells.
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EXAMPLE 2 Substantially fully demneralized fibula cross sections of about
25mMmmin length were initially pressed between two flat plates of a Carver
press[ ?] ve® opaE3sures ranging from5,000 up to about 20, PODPSOL/48F84 s first
pressing operation flattened the bone sections 5 and began to separate
their collagen bundles into fibers. This material was then ["fluffed up"]
and pressed again enploying simlar pressures as before. The pressing
operation was again repeated yield nEXAMBEB40f coarse bundles of fibers
that were not conpletely separated fromeach other. The yield of fibers
was about 50 w . % Aasikpressing piecedet yiEilado thitloe Ekaiié § wagcatded agoal | zed bone
sections] and many of the fibers possessed |engths that 10 were nearly as
great as the dahiuedlizddibeay secidns bhfrofans ssindinKkengiihia aRohar siamawgessical | engt h
from 10-15nm with sone fibers in the range of from 20-25mm and possessed

di ameters of hakeud siddl®brifMRieE0i78mnt Hahetv@ A tRAGkesk bafl 6P 800D &5 10,000pKi wed in
bundl ed fiber clunps. The fibers were furthe?ksubdivided in an ?ﬁpact m |

for [30 segondsle &l bivaSided iflo fib&S tat faBELdGh 16h 8 FLPIEHLB05 Find il 8f the
fibers and fiber bundles w thout, however, 15 significantly reducing their

l'ength. Thus, ychend idlgss sofNihibrady w@refo%_{alinewhyﬁymoftmr f@agéb%ﬁ@écﬁw%.aig&e of

| ength but their dianmeters were now wthin the range o rom about 0.5 to

about  2mm EXANPHE PRHGReah hAgH 1 Skl 5L 0880 28608 RARSmAD M i 0

| ength, were plac In a series aneter press cells possessing

single orifices in their bottons haviqggg%gﬂggers of 1, 2 and 3mm
respectively. Under pressures of fromD, - 10, 000psi, the demneralized

b {i bdi vi ; : ! o -
Vol daof domi ner abEay B LB khlls G AR, LENRUERAA T, Riga o0
al most evapy %:V%fseeﬁresselzd ih ttﬂe(:'i)recsrs cdiR dggcrlll%ec{ l%rgilall‘?’lsg 4 rAttppe%su%gsl rlar?g'ing from 5,000

to 10,000psi, the bone sections subdivided into fibers having the dimensions set forth in

the following table:

Diameter of Press Approximate Length | Approximate
Cell Orifice, mm of Fibers, mm Diameter of Fibers,
mm
1 1-5 1.5-2
1-5 1.75-275
3 1-5 3-3.5
15 EXAMPLE 6

The pressing operations described iﬁ Example 5 were substantially repeated but
were preceded by a preliminary pressing carried out in a Carver press at 15,000psi. The
resulting demineralized bone fibers possessed smaller diameters, and consequently, greater
length to diameter ratios, than the fibers obtained in Example 6.

20 EXAMPLE 7

Substantially fully demineralized whole fibula shafts were subdivided into fibrous
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-14 WO 02/ 47732 PCT/ USO1/ 48384 EXAMPLE 4 A cell pressing procedure simlar
to that of Exanple 4 was carried out on dem neralized bone sections of
from4 tov@mmi7ee | ength in a 29mm di aneter press cell haRChySea /488839l e
orifice of 0.75mm di aneter. At a press load of 5,000 to 10,000psi, the 5
bone sections subdivided into fibers that ranged in length from25 to 50%
of the Iength of the bone sections fromwhich they were obtained. Yield of
fiber was abowartEBaemployiige Tridebeotaryrgaier ehill.nFiberigigth asaioadtonth, danbdien and
possessed a di aneter of about 0.5mm EXAMPLE 5 Substantially fully

dem ner al i zed Waslabbuwt 0Gnms sndsfibet vieldsvasfabahGotwt2omm in [ ength 10 were
pressed in the press cells described in Exanple 4. At pressures ranging
from5,000 to 10,000psi, the bone secEXanlsudi vided into fibers having
the dinensions set forth in the follow ng table: D anmeter of Press

Appr oxi mat e Lengt hEAppple R iwiBtepedted but QithfibaR, sedi®hObf F3HAIS lenpih BidpRh&h Of
Fibers, mm 1 1-5 1.5-2 2 1-5 1.75-275 3 1-5 3-3.5 15 MPLE 6 The

pressi ng oper atas ahsut dSun,i dp@shidr ivaFABEIR b S MRITDSHBIA kdB hbck kY wi gpeat ed but
were preceded by a prelimnary pressing carried out in a Carver press at

15, 000psi. The resulting dem nerali zegkhomperfd bers possessed smal | er
di aneters, and consequently, greater

A model M5A Fitzpatrick Mill was employed to subdivide substantially fully
demineralized bovine bone chips of 4-10mm into fibrous particles having a length of about
1-2mm and a diameter of about 0.2-0.7mm in a yield of about 70 wt. %.

10 EXAMPLE 10

Example 9 was repeated but employing a model M 20 IKA-Universal Mill to
subdivide the demineralized bovine bone chips. The fibers in the fiber-fraction produced
by the mill had a length of about 1-2mm, a diameter of about 0.5-1mm and the fiber yield
was about 10%.

15 EXAMPLE 11

Example 9 was repeated but employing a Megatron homogenizer (Glen Mills Inc.,

Maywood, NJ). The resulting fibers, produced in a yield of about 70 wt.%, possessed a

length of about 1-3mm and a diameter of about 0.2-0.5mm.

-16-



| ength to dianmeter ratios, than the fibers obtained in Exanple 6. 20
EXAMPLE 7 Substantially fully dem neralized whole fibula shafts were
subdi vi dadobm#w3% i brous -15 WD 02/ 47732 PCT/ US01/ 48384 PpErAsel48384
enploying a Tracer (rotary grater) mll. Fiber |ength was about 5nmm

di aneter was about O0.5nmm and fiber yield was about 70 wt.% EXAMPLE 8
Exanpl e 8 was repeated but with fibula sections of 4-8nmin |ength. Fiber
| ength 5 was VaHAMUSEIAMEDISamet er was about 0.5nmm and fi ber yield was
about 50 wt.% EXAMPLE 9 A nodel MbA Fitzpatrick MII was enployed to
subdi vide substantially fully demneralized bovine bone chips of 4-10mm
into fibrous particles having a |l ength of about 1-2nm and a di aneter of

about 0.2-Q.7nmm inia yishethed ofthsking dtehitdralizld b phrblvPhich Qofyawp! € 9 was
repeated but enploying a nodel M 20 | KA-Universal MII| to subdivide the

dem ner al i zed JeRwcRBiZRE WMholHoRS and i edticPSibAividind M6 adrhiB&ktifea d64d A Produced
by the mlIl had a I ength of about 1-2nm a dianeter of about 0.5-1mm and
the fiber yielgniadi-aPost phefs 15 EXAMPLE 11 Exanple 9 was repeated but
enpl oyi ng a Megatron honogenizer (Aden MIIs Inc., WMywood, NJ). The
resulting fibers, produced in a yield of about 70 wt.% possessed a |ength
of about 1-3nmm and a di aneter of about 0.2-0.5mm -16

1 2. The method of Claim 1 wherein the yield of demineralized bone particles is

2 greater than that obtained by subdividing the whole bone into mineralized bone particles
3 and thereafter demineralizing the mineralized bone particles to provide demineralized

4  bone particles.

1 3. The method of Claim 1 in which the whole bone is autogenic, allogenic or

2 xenogenic cortical, cancellous or corticoncancellous bone.

1 4, The method of Claim 1 wherein the whole bone is demineralized to contain

2 less than about 10% by weight residual calcium.

1 5. The method of Claim 1 wherein the whole bone is demineralized to contain

2 less than about 5% by weight residual calcium.

1 6. The method of Claim 1 wherein the whole bone is demineralized to contain

2 less than about 1% by weight residual calcium.

1 7. The method of Claim 1 wherein subdividing of the demineralized bone is
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WO 02/ 47732 PCT/ US01/ 48384 WHAT IS CLAIMED IS: 1 1. A nethod of naking

dem neralized bone particles which conprises 2 dem neralizing whole bone
and t her 8@ vB#773ubdi vi di ng t he dem neralized bone into 3POBRERMAS3as4 zed
bone particles. 1 2. The nethod of Caim1l1 wherein the yield of

dem neral i zed bone particles is 2 greater than that obtai ned by
subdi vi di ng the whol e bone into mneralized bone particles 3 and

t her eaf t er 2deramied abi tyimifjinghe mi neral i zed bone particles to provide

dem neralized 4 bone particles. 1 3. The nethod of Caim1l in which the
whol e bone is autogenic, allogenic or 2 xenogenic cortical, cancellous or
corticoncancel | ous bone. 1 4. The nethod of Caim 1 wherein the whole bone
is dem neralized t@. conTia methed dfedsimt haherai Milling B%ehisd \vai ighh imest Subk
calcium 1 5. The nmethod of Claim1l wherein the whole bone is dem neralized
to containy 2 gkfmg niihena abmpmo by wei ght residual calcium 1 6. The

met hod of Caiml wherein the whole bone is demneralized to contain 2

| ess than about 1%y weight residual calcium 1 7. The nethod of Caiml
wherei n subdividing of the dem neralized bone is -17 WD 02/47732

PCT/ US01/ 48384 2 gar ri el Qathoddt (il 1 Wekreik s@odn;[(!ﬂﬁg Qpcﬁél@gmﬁéraﬁeﬁ'b%g is

wherein mlling is carried out in an inmpact mll, 2 grating m| a

cutting mbl. %n@d olﬂgﬁ agﬁmg%egﬁanga%l%s&re‘%"ﬁfe%blﬂm%fm%dvﬂoqé.ng of the

dem neral i zed

1 10.  The method of Claim 9 wherein the bone is subjected to pressing while

2 unconstrained.

1 11.  The method of Claim 9 wherein the bone is subjected to pressing while

2  constrained.

1 12.  The method of Claim 9 carried out under a pressure of from about 1,000 to

2 about 40,000psi.

1 13.  The method of Claim 9 carried out under a pressure of from about 5,000 to

2 about 20,000psi.

1 14.  The method of Claim 10 wherein the product of pressing is subjected to an

2 additional pressing while constrained.

1 15. The method of Claim 9 wherein the product of pressing is subjected to an \
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2 carried out by applying mechanical pressure to the dem neralized bone. 1
10. The nethod of Caim9 wherein the bone is subjected to pressing while
2 unconstw@bnéd32 1 11. The nethod of C aim9 wherein the PONWESII$48384b) ect ed
to pressing while 2 constrained. 1 12. The nethod of Claim9 carried out
under a pressure of fromabout 1,000 to 2 about 40,000psi. 1 13. The

nmet hod of Caim9 carried out under a pressure of fromabout 5,000 to 2
about 20, 0@0paﬂmu&mlémdﬁhﬁmﬁﬁkhmdnof Cl aim 10 wherein the product of
pressing is subjected to an 2 additional pressing while constrained. 1 15.
The nethod of Claim9 wherein the product of pressing is subjected to an
-18 WD 02/ 47732 PCT/US01/ 48384 2 additional subdividing operation. 1 16.

The nethod;of C ai gl Whigiitod JFECIMMON RhddEIR EnelvaldBoné FapesFmmibolt L @ 2 about
400 mmin nedian |length, fromabout 0.5 to about 20 nmin medi an thickness

and 3 from abpatl 480 kg AMUdtan IeheMI LA SBBEH02%0Wb6l DO min thinedliEniREIOshdOf

Claim1l wherein the whole bone ranges fromabout 5 to 2 about 100 nmin

medi an | engt hg Qﬂh@pgq%mg1bgn§§gﬁ&h%pwﬂﬂl|n medi an thi ckness and 3 from
about 2 nn1to about 10 mmin nedian wdth. 1 18. The nethod of daiml

wherein the dem neralized bone particles are of 2 elongated configuration.
1 19. The nmethod of Caim18 wherein the dem neralized bone particles

POSSEess 1 17.  The method of Claim 1 wherein the whole bone ranges from about 5 to

2 about 100 mm in median length, from about 2 to about 10 mm in median thickness and

3 from about 2 Iﬁm to about 10 mm in median width.

1 18.  The method of Claim 1 wherein the demineralized bone particles are of
2  elongated configuration.

‘
1 19.  The method of Claim 18 wherein the demineralized bone particles possess
2 amedian length of from about 2 to about 300 mm, a median thickness and/or a median
3 width of from about 0.5mm to about 15mm, a median width of from about 2 to about 35
4  mm and a median length to thickness ratio and/or a median length to width ratio of from

5  about 2 to about 200.

1 20.  The method of Claim 18 wherein the demineralized bone particles possess
2 amedian length of from about 5 to about 50 mm, a median thickness of from about 1 to
3 about 5 mm, a median width of from about 2 to about 20 mm and/or a median length to

4  thickness ratio and/or a median length to width ratio of from about 10 to about 100.
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2 a nedian length of fromabout 2 to about 300 mm a nedi an thickness
and/or a nmedian 3 width of fromabout 0.5mmto about 15mm a nedian w dth
of from abour/4722310 about 35 4 mmand a nedian |length to POT/WReIES3s4r ati o
and/or a median length to width ratio of from 5 about 2 to about 200. 1
20. The nethod of C aim 18 wherein the dem neralized bone particles possess
2 a nedian length of fromabout 5 to about 50 nm a nedi an thi ckness of
from about 11 to 3 aboutDé&mmmemlizdiveck Girersprdddtedby fhe proced@fClazm®©o about 20 mm
and/or a nmedian length to 4 thickness ratio and/or a nmedian length to
width ratio of fromabout 10 to about 100. -19 WO 02/47732 PCT/USO1/ 48384
1 21. Demneralized bone fibers produced by the process of Claim9. 1 22.
Substanti ally intag2. nagubsahtidigittact ahtiAYBShelcoes fibds.23. The bone col | agen
fibers of Claim22 having a |l ength substantially 2 equivalent.to the Iength
of the fibers as they were present in the dem neralized bone from 3 which
the fibers were obtained. 1 24. The dem neralized bone fibers of Caim?21

containing;at |easpson e_l“lﬁﬂﬂ)ﬁgcoll%é bR imUnHa ek LlYengﬁl%tlbgtalﬁl'éﬁ? tance. 1
25. The bone col | agen fibers of aim 22 containing at |east one added 2

medi cal | y/ sur gh gtk 186 TdtbthtBRtrbRESs t1RY were present in the demineralized bone from

3 which the fibers were obtained.

1 24.  The demineralized bone fibers of Claim 21 containing at least one added

2 medically/surgically useful substance.

1 25.  The bone collagen fibers of Claim 22 containing at least one added

2 medically/surgically useful substance
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