DEM NERALI ZED BONE PARTI CLES BACKGROUND OF THE | NVENTI ON Thi s inventio

rel at es wo ta4mBehod of nmking deni neralized bone particl ®CTEWAHBSHN,

as, inplants having a variety of orthopedic applications. Mre
particularly, this invention relates to a nethod of making particles from
dem neral i zed bone that results in a greater yield of demi neralized bone
particles than that provided by prior art nethods of producing such
particles. The manufacture of denlngrallzed.bone par t i ]
conposi tions, mat er | MEHEROFMAKING DEMINERALIZEDBQNE PARIIGLES he particl es
and their use in the repair of bone defects and for other or t hopedi ¢
applications are known. 1o The mcrostructure of cortical bone consists of
bundl es, or flbers of mineralized collagen that are oriented parallel to

t he Iong axi sB# ROUMB T THEE INMENTION raki ng deni neral i zed bone particles
i nvol ve subdi vi di ng sections of whole, i.e., mneralized, bone, e.g., by
such nechani cal oriﬂnamvmnw@l’wedwﬂwg of makﬂngdqnmsﬂahmdrbgne mﬂcsﬂswl etc.
to provide particles which are then dem neralized, e.g., by treatnent with
acid. The t 5nf@sas) ihiptnytsdmvdhg\ewaﬁdtzeﬁbrﬂmpeiiq)@pﬁi:a:ﬂoes Mgdeipbiticuledy,abis nduct i ve
properties that nake them useful as, or in, inplants intended for use in
bone repair aindermtioh etlatey thhoptidideof apping patticlesn fom@emimtradiatblodne Gat keswvein a

met hods of maki ng dem neralized bone particles is that only a portion of
the bone si oCdgeater yeld oflminéSiZd byneartipids thanithdt pyovied byl priometrmdthadsdf bone

; €3e TUPPQDRL( STGUTTUWEWD 02/. 17732 PCT/ USO1/ 48384 METHOD OF MAKI NG Q
B?/

particles. In addition, because of the nmechanical limtations of the bone
mlling 20 negRiniesg/suciepdticles he need to grip the bone stock in the jaws of
t he machi ne, only donor bone of a fairly substantial size, e.g., intact

cortical shafts, caf et FlehetaliSedtnt partitles amikom lppmﬁ@s,@ﬁﬂt@ﬁa’i@and
PCT/USO /.t1838~ the dem neralized bone partl cles. The [imted anount of

demi ner al i zedshgne. ntnhg b&RintBed ibdn 10964 heirtubinRhd RpairéftboRBHERES | S
of concern due to t lTmted availability of donor bone. At this tineg,

regul ati ons d&d’}&totﬂ ro%%pgdﬂ%gﬂ%hbﬁ}gu%o%nor bone material. Since the

quantity of demneralized bone particles that can be obtained is |imted

both by the avail aﬂ"p'ﬂli&%s@ljchgggp&rﬁg ggglgﬁsjﬁeof%hﬂcﬁesof)es E‘%Qﬂﬂﬁmrathgﬁf eis a

need for a nethod I'ng dem nera one partic I'S not

bject to th ¢ RY OF
T | vENT! o PRl TBRAR e AR of el HRERAL RrmakhR Y

ki ng dem negalzeq et FafticR R ioRleSndt it sBRISE o Mlold L8] HfErafbed!ONOT

bone.

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 aci.d. The

15  resulting demineralized bone particles exhibit osteoinductive properties .that make them
useful as, or in, implants intended for use in bone repair and.other 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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It is a further object of the invention to provide a nethod of making

dem neralized bone particles that results in a greater yield of particles
for a giwermgdmatity of whol e bone conpared to that proviR{ddU$\4BI8Hor art
met hods. It is yet another object of the invention to provide dem neralized
bone particles in 15 the formof fibers or fibrous bundles of bone coll agen
by application of mechanical pressure to dem neralized bone stock. Further
obj ects of t Hie deminerlizod bond partisdesapparent to those skilled in the art in

vi ew of the above objects and the foregoing specification. In keeping with
t hese and r el at ed Thblimited aroburt bfdamiveralized honetpagictes ittt probraintd dby shedwionett hod
of maki ng dem neralized bone particles which conprises dem neralizing whol e
bone and t hengaliddelis sfubntern diiertg thelimittd availabitity feldndrdione.i At thisdivrd, ner al i zed
bone particles. In general, the yield of dem neralized bone particles

obt ai ned by trbgildih§i@snétipeinhit the ipbdlgiol Ghok Bori rtérdial CHinte the quandityest, €. g. ,

» fromabout 5 to about 20 wt.%greater, than that obtained by first

subdi vi di ng td3minekudized B Paitidled tit Aababbtaped Raieiteddbih 1B theadilabiploy -2 W
O 02/.17732 PCT/ USOL/ ~838~ thereafter demi neralizing the mneralized bone

particles to QG Hofls astelt 508 8f thg BeheDMBR iPARdet ForASmetildi ofinRiling R idedlize6 " as
utilized hereinis |ntended to include relatively snall bone pi eces such as

fibers, bundhpg, ﬁim &%ﬂﬁj@&tt@fﬁe Ebrﬁﬁslﬁts ihP6RAYS theQlimfg Blctdr®S, thin

sheets, chi ps, ers etc. hat possess Tegular, Trregular or
random geonet WO‘P"W&I&%WV not be, conpletely separated from
each ot her. ﬁr’I'E—E'X'pT'E'S'S'I_O' ne" as utilized herein refers to bone
that contains 11 gfithd oBaluf e piveRditth blodhe ¥ dsihddl of ik YonfHithit AP bdhd S

anatom cal ly corrplI

10  particles 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 demineraliziné 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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sections thereof. to The term "dem neralized" as used herein refers to bone
containing | ess than about 95 % of its original mneral context. The
expressi W® 02143732y dem neral i zed" as used herein refers toPEHRIE8IaI ni ng

| ess than about 5 %of its original mneral context.. The terns
"osteogeni c" 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 celtheredftes démippnalitingitha miherakizet bomemeickes tb provite dgrineralized bage t he
mechani smor result. The terns "osteoi nductive" as used herein shall be
understood t opattiflesr to the ability of a material or substance to recruit
cells fromthe host which have osteogenic potential and the ability to form
ectopi ¢ bone and "Ihs e ‘Pakticlel s utitiged Heseini Ghteded 1 i06ludeaslatively I8l b&iens
"osteoconductive" as used herein shall be understood to refer to the 20

ability of a pledeskichlas fiberS bafdIey $TeodkblytBirREed Fibdr) threat] SheroSibidACHR t hat are
- receptive to the growth of new host bone and "osteoconduction™ as the

nmechani smsor ghedlIchips, BRfdd, pow8ers, 24 ABER Pbiess regalat, Qﬂé‘%ﬂlaﬁ ‘or fAdom BESIRGRL C" are
used herein relative to the ultinate reci pi ent of the bone tlssue -3 WO

0217732 PCT/ USQUskd3fsy, DAY 4B LeSERHET LMl ifeabAMRNTI ON The whol e bone

sui tabl e for nmaking the dem nerali zed bone particles of this invention can

be donor bone froryaRy,sQih ol-glwﬁe” a@ﬂﬁﬁ%g ﬁgﬁgl BfetQg %Ql#ecth&rca?ftgﬂg geRjc bone

can be used with autogenic an al 'ogeni ¢ el ng preferre
especially u i ne, r
bovi ne. The é%hgh}f E})I%ﬂ% e?aggﬁlg cgﬁ%e il(%gs gtrgﬂ%%ﬁ P@ﬁo@gtE?gﬁ%gﬁé
preferred bon O%S&or i.cal allogenic bone, e.qg., fenur, tibia, fi buI a,
radi us, ul na, Seeon he‘ met hod of this invention is applicable to whol e

bone in a varlety Z e u ized. as th tlng,
or stock, Omateri al'ﬁ'\fﬁnt ‘?gﬂ]dngrafﬁe igsefiﬁ"b'ﬂnfeig t‘ét’%ﬂ |°\98f|a§}“r§gr4ﬁ§s a}?l s of
bone to bone i.mensi ons be reco | e, as..to,its at om cal
orTgin 1 g2 T ol menddl e, dor BrSSRt wplr debmelicts ekl Aoty e
fromabout 1 to about 400.nm_ and preferably from about 5 to about 100 nmm
in medi an | ed§ER ©PPRASORBEIAS lﬁssd]?"t”cf‘b%‘o{J? é ?ﬁlﬁmaéﬁane& EPRHFHD)| y from about

2 to about 10 mm _in nedjan thickness and from about t o about mrt] and
preferably from ad8GEer®s teieBet asadheriy shal oot fater to the bility

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" and "xenogenic" are used herein relative to the

ultimate recipient of the bone tissue.



After the bone is obtained fromthe donor, it is processed, e.g., cleaned,
di sinfected, defatted, etc., using nethods well known in the art. The
entire bwowmaars2t hen be dem neralized or, if desired, thdPQIoBW188184j ust be
sectioned before dem neralization. The entire bone or one or nore of its
sections is then subjected to dem neralization in 20 order to reduce the
inorganic content to a low level, e.g., to contain | ess than about 10% by
wei ght, pref €DE Bl DESCREITIGONADEF THE NAEONht and nore preferably |ess
t han about 1 by weight, residual calcium Demi neralization of the bone can
be acconplished i rThecoletivne suitable forkhidking thedertiaerdisedibomepartilaof diig es.

Dem neral i zati on procedures renove the inorganic m neral WO 02/ 7732

. PCT/ US011~838xvéigh eA£hY donbr Buas &rolans S6re I Thls,abiogerfi6) lalibgenitor x&iogbnic
procedures are well known in the art, see for exanple, Reddi et al.,

Proceedi ng ofy,dnBead\6d 0 #ith AGBEEIana hilSEehRYo8S b&hg prefefredNAh Specthinf @S Fudf
America 69, pp.1601-1605 (1972), incorporated herein by reference. The
strength of t%ﬁrcg%fgen%géfd& Q0 'R P%J&ﬁﬂ,eeq%{}{é, Siaeine! ThdWonR eRFbARGkdaT1®

duration of the dem neralization procedure wll determ ne the extent of

dem neral i zat éaﬂ&llof]?&ecfo%éoéfan%a%gi ’P‘% rﬁr & b Rcobtal JIQg&iéﬁonG%?feﬁﬂr,t 0

; 9
smal | particles w require nore gthy and vigorous dem neral ization.

Gui dance for LfjcC s ters for the dem neralization of different size

bone can be f%bﬁfigiblmr?’ﬁe@?’ gaafgtrﬁ’t' No. 5, 846, 484, Harakas, dinical

Ot hopaedi cs and | at Research... 239- | ci et
Ao SIS PR B B30R10 MG S RHEDUE YR

al ., Journal tO of sear ch, (1996),
each of which_is Jjncorporated ef er.ence herein.. ln.a denineralization
procedur e ungllﬁ’efJP’i‘?’&‘ﬁg’mber'ﬁﬁiz?‘g%ﬂ ¥ 51T RS Pﬁﬁ%ﬁ‘t’ f%%nﬂfe‘?”girﬁ?get“hsézeb%%% i's
subjected to a defatting/disipfectin te hat .is followed.by an acid

deni ner al 1% ateBHvey é’B?lT 1epRS Of B?“e&%k%’%tq ﬁ‘&ﬁ‘df“??‘?ﬂoéléf’%tﬁ’tbe&ﬂoﬁ?’?%}? gsdo gf’n
aqueous sol ution of 15 ethanol,  _the, ethanol  bei ood, splvent for |ipids
and t he wat eraBEIHER rigigo dn Bspgrab HisiPisCes eeHoms OEgh‘gﬁg‘Pﬂeét"Fg&a“srﬁP%ﬁt?% to
penetrate nore deeply into the bone particles. The aqueous ethanol sol ution
al so di si nf ecabgut hédo ghayb4¢fmp, and;migferglly diom hput ?ﬁocﬁbB'gﬂ&gHP%ﬁ%mﬁﬁiFa“vi ruses.
Ordinarily at |east about 10 to about 40 weight percent by weight of water
(i.e., about leoethdramaequt 64 toehayhil ey sudprefgrablydrom ahavh2 iabat lgdﬁlﬁs s

al cohol ) should be present 20 in the defatting/disinfecting solution to
produce opt i mmpdipn thickness and fipmahent ditesabonbd mew ang preferablyHeons shout 2 & absat i od
of time. A useful concentration range of the defatting solution is from
about 60 1© 8B mei, ghmedien wisth. al cohol or about 70 wei ght percent al cohol .
An al ternative or supplenental defatting solution is made froma surfactant
such as Triton X108ftextthebane ixoabtained fioonthe flowdr,lit Bxprasessedireien clkareds . Fol | owi ng

defatting, the bone is -5
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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WO 02D7732 PCT/ USQOL/-t1838 imrersed in acid over tine to effect

dem neralization. Acids which can be enployed in this step include

i nor ganiwoari4@s2such as hydrochl oric aci d and organi ¢ aciR&I/E0H8384
peracetic acid. After acid treatnment, the dem neralized bone is rinsed with
sterile water for injection to renove residual amounts of acid and thereby
rai se the pH Followi ng dem neralization, the bone is subdivided into

dem ner al i zed céropumentaf bowd tysenaifloydesacidsblutions. | Spch ptacedureswde welkknowdsethel f or

t he subdi vi sion of the dem neralized bone are machines or instrunments known
to the arts otrt,seefor skungseliReddi evhl,| Arogedipg 6&bé Nogiorah deudeyy ofBelentvs afithe
extruding and/or cutting, of hard or brittle materials such as wood,

. plastics, sof Unied Sthies ofcOhérita®s, gpirbol 41603 (18%2), iNasrporatet dedeih tyrefeencecdihk 0
are mlls, including inpact mlls, grating mlls, shearing mlls and
cutting mll s gydMamor@e defiBsoRitohans Gdpé AfitsizdBE the bohddndithedstiiofei on of the
. dem neralized bone will fragnent the dem neralized bone, by cutting or

separ at i ngst hgefHfBiafgkish bAREIRSHAT deddming thH dx@ht bR mralzhon. (RnbkRy
underlying collagen fibers Particularly preferred types of equi pnent or

rchi e UoeT kg A USSR 35 Blsb i ST B, o
pone’ 1l Ude \TRASE L ol b SRS b e oR ™ |5
the dem ner al LgknPanSeorathl LGl sSARAL Ab! Dokt A emoeqliged mierial

in direction near par hé” un yi ng’ colT'agen fi bers.

i T AR OGBS ATt AR
o b e oL G R ok b LML LR RRR SRR o,

the lines of the natural .collagen bundles constituting the m crostructure
of the bone. FRferencelierels with sharp cutting rotors -6 WD 02/ 7732
PCT/ USOL/ : 4838-t tend tq chop .the bone into sonewhat mretrjc_particles as
opposed to the fi biadenppgralizationsprggndusesefulipthe Pé?Ft‘FT'rBé%? myeRtion hewgmathe s peed
is a factor that influences the result. Too | ow a _speed may cause the bone
to plastical | orfds shigciediin a deferting/disedecting step that 1 folloved B 2gacid equi red. Thi's
and simlar factors involved in the operation of a particular type or nodel
of inpact ni| demiserslizasion stepefk useftbdefating/digpkectantisalution iqngguegpt sotion @f
enpl oyi ng

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 or 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
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routi ne experinentation. A shearing mll subdivides dem neralized bone
stock by tearing the bone apart. The tearing action tends to preferentially
break thwolergr3apart at its weakest point. The junctions HESVUE0eH8384

dem neralized coll agen bundl es represent weak points and the result is to
the production of fiber type particles. The spindle elenent of a | athe can
be adapted to carry a rotary grindi ng wheel whose circunferential surface
is studded wiinhmersedjiradid ogpr timettd afeat demipernbizatigs Atids whink cant tesimpleyegiressed
agai nst the rotating wheel, the cutting el enents produce fiber-type
particl es. | nhishitep ihohple indrgande 4cidslseelf asrhyiivoghlogiescid andropganivencids sudhtasng
fibrous particles are not 15 separated along the lines of natural collagen
bundl es. Sti | perscli€icid phfisratidsrentany lthel demifekdlizetbdne fxrinzed with ktedleacatafod ng
to the invention includes mlls available fromIKA(err) Wrks (WI m ngton,
NC) such as tRchititBlrerfovkQedididt A@lnyd dfaaid al thereBy rdideendpriel M 20

- | KA- Uni ver sal 1. Such mlls have cooling connections and are suitable

for the grj nding afolbaing demchetilizAtidnShs YHRL 8 AbARidM fifto derdieldBXddBaRR gr @i N
size of 6 - 7 nm It has been determ ned that a stainless steel star-shaped

cutter provi degifled driaedidd cOifiglrausRhiM sisd. ZRefuldh e sUbdivikio oI nNes usef ul
in the practice of the invention herein include drumcutter bone mlls such

as those avai &efi’rh'%‘ﬁﬁlgﬂégmo;{é 26 Slachifed SMSstrumBfits koo Yo dne s loR, e.%ddiﬁg,g- , its

bone m |1 nodel | A particularly effective nmethod for subdiViding

dom ner al | 264, igf LRLARK divib® mach¥Ra0BAARE B TL KRN ] et e

bone to pressing. pressrhg technique 1s-to apply pressure to

the unconstrained (sjg'\u% ae\rv% alngagtlégO&% mgﬁé?,@]!a% csiagcg lthléqﬁep rﬁﬁﬁ{ﬁﬂgﬁ %%?%r%(apg

usingarmrtaatgﬂ%f pestT e, pryirng a rol’l'rng/ pressing notl o

dirvea. pi 1 osite il itfhoeronfth il SRUGP mulRc iRl e R BT FlalEre. Mo of"
bone, - pressi ri BERTRAMETDEH: B SR KSR PR (B Ao FELEHS RPNt | on
P om J of ned. SHERPETHRASEhonse Y PiiHEs SFSeBE g eGP R B SFTlgPs | n 1 he

dem neral i zed bone stock from which {)hey wer e obt ai ned.
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 paraliel 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 shatteri;lg 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

-6-



1 o Another pressing technique involves nechanically pressing dem neralized
bone which is constrained within a seal ed chanber having a hole (or a small
nunber oWohleMemse in its floor or bottom plate. The separ REAUINHBBY ext r ude
t hrough the holes with the hole dianeter [imting the maxi nrum di ameter of
the extruded fibers. As with the unconstrai ned pressing nmethod, this
constrained technique results in fibers that are largely 15 intact (as far
as length is temhoehopths bt inbspmenhadybmetricatticles enorposedite the fibrpus conbi ned
unconstrai ned/ constrai ned pressing technique that results in |longer fibers
by mi ni m zi ngpaftiddesrobluived kdthan imparct dllvilmpactispeed is dofacter that ififlyegeesphesresdd i nt o
an initially separated nmass of fibers while in the unconstrained condition
and t her eaf t eTod Io&raspbédanayscaaseaheboietis plastizdllyddftrnnrathiethsiestiatict intogatieles wher e
pressing is continued. 20 In general, pressing of dem neralized bone to
provi de dem ngrabiiredThieasd Smilir fattes ib@hedén habpdretibnof b paticilaagpadout 1, 000
. to about 40, 000psi, and preferably at from about 5,000 to about 20, 000psi.
Dependi ng 0N 4,581 Bf RERUKE t6 PioviNE @eminefaliBédsbA6 iBérs Ed’iﬂ)eﬁﬂh@ﬂ 8inpEthgbone
particles, one can obtain a nmass of bone particles in ich at | east about
80 wei ght _g_youifdRxPedmdnfaing. PCT/ USOL/ - 1838a percent, preferably at |east
about 90 wei ght percent and nost preferably at |east about 95 wei ght

percent, of the p%&Eﬂ&:;gglggfﬁ%me@déﬁﬁﬁé@ﬁheh%eﬁgdﬂ?&fbyftéaﬁﬁg e Quhe dpakt0 about

300 mMmm or greater, pre y a nedian |length of from about 5 to about 50

mm a median 4 t%l&%%ﬁ&f tepds Hlyl%bég%ﬁﬁg Oﬁﬁeglgth@lg&&gapﬁaﬁmw&kéi iAab| thed

medi an t hi ckness of rom about mm a nmedian wdth of from

about 2 to abogut. 3 ef: ggg! i Qﬁjﬁj ZoshiR j@bout
20 mm and a n’éla?tg)ﬁ%%?ﬁ epﬁg‘{rﬂ%iﬁ&e}? r a%ﬁ%@%eﬁ%gﬁ@vgﬁﬁ@ tgn eﬁgtS Rtlsg
width ratio of fr mﬁabmtlg 2.to 200c spreferably from about 10 to about 100.
It desiredf tHhEPHFULIOROTEBEIIYRCAAHAS S can be graded or sorted into

bone par i ol os. t naloRpasEeBta A ot AR doafile T8 HERY MR PR, L o

time, depending upon their .intended final_ usa t he denmineralized bone
particles canVBeegHrym ?&t‘%ls?“'if%ceésrS@S&&'&h@ﬁcﬂéﬁhﬁg‘gﬂ%e e d?Ptsl tﬁﬁgf’ne
advant ageously in a |yagphilized or froz state, for use at_.a |later time.
The deni ner al $19&ds BrsRted 3ganst ﬁleé%tat’ﬂg ‘f’li‘ﬁegrt]l?erﬁ}‘ ielsme ﬁsﬁﬁ’%ﬂ%eeﬁ'??,typ& in
inplants, for a 15 variety of orthopedic prqocedures where they particjpate
in the bone heatfi¢ley/Ipdpstype gﬁm?%wg&@a%%t r‘est’fﬁﬁng%hﬂ)d’ﬁﬁ felsgag et as
ost eogenesi s, osteoi nduction and osteoconducti on. The dem neralized bone
par ti cl es 1t anseparated atpngshe lines efnafusalpablegenbundlesyarj ety of product types such
as a gel, putty, or sheet. The demni neralized bone particles can ogti onal |y
be adni xed with on¥ilbethergpparainpuschnh numillinghong parbieipracrrding t9 the insiegtion
plasticizers, flexibilizing agents, biostatic/biocidal agents, surface
acti ve agent sinchidesinilly availdblo droti Heh @ Jlarkss(WikmiagionaNE) sueh agthe godelgh 1Qjur i ng,
or after shaping the particles into a desired configuration. Suitable
adhesi ves, bi HdhngabtiealtMillan thetmorig] MR 0dESnUnivema Nidle Sueh mills diayesagoling

cel lul osics, bioresorbable polyners such as pol yesters, polycarbonates,

pol yaryl at es eombegtivny fudve atieble f@phe grinding dfjnardtapd biitle substangesavithanat es,
tyrosi ne

’ 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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~9 WO U217732 PCT/USA /. 1838~ pol yaryl ates, polyglycolides,

pol yl acti des, glycolide-lactide copolyner, etc. Suitable fillers include
bone powslerz/Htse neral i zed bone powder, hydroxyapatite, @CI/USAHHEEH| e

pl asticizers and flexibilizing agents include |liquid polyhydroxy conpounds
such as glycerol, nonacetin, diacetin, etc. Suitable biostatic/biocidal
agents include antibiotics, providone, sugars, etc. Suitable surface-active
agent s i ncl ucwbiettghdbansderpresding. The simindest pressingtteahnique isde ppmy pressute tathehot eri c
surfactants. |If desired, the dem neralized bone particles can be nodified
in one or nornmcomsysined deminemhzed bops. dixemples tgludn pressing the bonesimgaanprtar

nmodi fied as described in U S. Patent Nos. 4,743,259 and 4, 902, 296, the

- contents of vindpestkr spplyicpa pdlimgfprcksing modbesieh agistgenarated bydmyollnggiin,@rvari et y
of nmedically and/or surgically useful substances can be incorporated in or
associ at ed wipréssingehdisone pjpaés icovees flef drlearved plhtes.c Thedel flatteyingrprasires catifee| r
formation. Thus, e.g., one or nore of such substances can be introduced
into the demmebéle Rk tbesiAraka iinlikk @, prier &t methyd S akakiig fiversifioier si ng t he
bone particles in a solution or dispersion of the desired substance(s). 15

Medi cal | y/ surginemlibad Bons,fpiéssinp BshngaRfd Wohei a6cirddee WaR tielpreseitiiefitiéh Wi t h
the dem neralized bone particles of this invention include, e.g., collagen,

i nsol ubl e col L aa80 iHGEH toakd1'68Re cothfen fibBRUnct @biBbsite HBbs qﬁd@ﬂ%?&nédj dhohds
di ssolved therein, e.g., antiviricides, particularly those effective

agai nst H'V aﬁl%r b&Rahd) taP cantdlak Wng LOME Fbsrs ANfle QemMABaliRdHohE StokUrdin dich
erythromycin, bacitracin, neonycin, penicillin, polynyxin B, tetracyclines,
20 vi onyci n, tﬁ%{/&&%r&é jn and streptonycins, cefazolin, anpiciliin,
azactam tobramycin, clindanmycin and gentamicin, etc.; biocidal/biostatic
sugars su as de : et e ' ' j : 1 ns,

9 & )ﬁ&r{o?ge_? reg%uggfgaﬁ]&ugErﬁ/olvc@%aﬁni%ﬁlggﬁﬁgs;s[ﬁﬁQiEfnﬁl%ﬁhzéﬁ lj}nogﬁn :

i norgani c el enents, a protern synt ornones; endocri ne

pot | das, cRPBibel GheR i Dribber RELFR MV o
: ?E“t inces; I ?nt‘#{g‘EﬁP@“ﬁg‘ﬁﬁﬁg;rmW%Q@E’gﬁéP 'ﬁ??ﬂf@e ??? itaY ngﬂ"agrr:snt ;s _
col 199 Pot ur dosRmied Beo R EHBOR i R IG Cpe U R SPH FEERe Bk

powder, autogenous tissues such bl ood, seru soft tissu bone marrow,
etc.: bi obdheBiagki@s fapaslengfh isfeaerehadl byl seraztersbonp gpllagen ?"r‘@%‘f orming growh
factor (TGF-beta), insulin-like growh factors {IG~-1, I GF-ZH)S;_ ‘ol at el et
derived growt h fadi@drcempmpdycongiaingaionsgpinehpressingdsr uggﬁh{e 1is ghioRgeThone
di gestors; antitunor_ agents; inmmuno-suppressants; perpeation enchancers,
e.qg., fatty abbess bomisumizing fherbreakegs, w@a@@,ralwﬂ bane At firstpyessed igtoran o
monoest ers of pol yet hyl ene gl %/col , enam ne derivatives, alpha-keto

al dehydes, etimtiallyseparatedanass ef Bldrushilein ghedmpenstraings condisinn awd theraaffar $hesrided
substances can vary widely with optinumlevels being readi|y determned in
a speci fic cafeerpyre constrained wichio therperledieianber Whase passsingds edntindds | nvent i on
will be better understood by way of exanple. As is 15 the case throughout
thi s appl exati on, Iagéngaly pressingef dyminetialited bond wpsovidendemvipesdizedpeericfpatigles

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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The exanpl es are provided as a neans for explaining the invention herein
and are not intended to limt the invention in any way. EXAMPLE 1 A right
di aphysiwo@©8gB20of human donor origin was divided | engt hAEEUSMHBSHour 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 m of a 0.6 N HC
solution. After approximately 6 hours the solution was renoved and repl aced
Wi t h anot her petdedt, preferably atinasyabauhf0 weight pssenitand mostirefetablyeat dpasttabari 85 and
second aliquot of acid solution were subjected to mld vortexing with a
magnet i ¢ sti rweghtfpercentyof taparticlEposironemsdied leogth ofifom abbeutiZie nbdut 3@¢mmmt i |
they -11 WO U2/:17732 PCT/ USOL/ ~838~ were conpl etely translucent w thout
.any Vi si bl e nprpeéandr prefirabtycemedingliength ofifjora abmtt &rtd atsduk §0 monyp netlian thickness

dem neralization. The dem neralized bone sections were then rinsed with
water until t&@Erdhtadut 0580 Gbous €5 M@, preferstdy amedian thicknesklod fidmaboeriab abed bone

. sections were then soaked in 70% et hanol for 1 hour. The dem neralized bone

sections Wer es gt ahddbnSeiithoThiont Moht X tolabdu® 38k Gedfetvbls @ mdifmlWiither sem M | |
and processed in the mll for about 30 seconds to produce dem neralized

bone parti cl egoufh I WBohiD0hAfand b BRARN 6&1’5@&@'&4&«1@&%&01&1@%)1 medaf 1dnka6 s vere
then frozen and | yophilized for about 12-15 hours. COVPARATI VE EXAMPLE 10

119 g of m ne{‘jﬂl@ %86 oPHERILGRATS 2&Q§€efé‘i’§lﬁy bl aB8ut 10 th BSou1dd. ITPGesiFRE Mene
described in U'S. Patent No. 5,607,269 to provide a quantity of mneralized

bone particleg.i | : 40 St LRELS st hen
subj ected to %a%e%&kﬁrger%ﬁcgaas% %%%é %rg%e?eosr-smﬁgsctri E)fgééélggg?{’)l g(’)vxg.s Al'l g’geni c
cortical bone_is pla i .eaot . i per
gram of bone iang TR geg%%eés' a@ﬁ%&@ﬁ@%ﬂgﬁ)@&g?ﬁ lﬁl[atﬁie)r}ay% 8%3%11ft (r:fieﬂrcﬂaelr|§azu§1‘1;?1[:{3(()){1r1
reaction proc edint? for 1 to 2 hours. Follow ng drainage of the HCl, the
bone is cdVer B ‘Fi 0.6 N HC /20 ppm 2000 ppm noni oni ¢ surfactant

solution for 24 to, 48. hours. Fall ow .dr ai f th 1 ./ ant

ol Ui on, 06N Hobt e 18 Sopoppe i IRbir B RAYaPrsabd. Syl feininerithd Rk
reactor, the depineralizafiqn reactian proceeding.for another 40 to 50

m nutes resul PATAYeS ‘?‘l‘“i’ﬁf}gﬁ%\"ﬁt"f%{’lqrﬁm g%ﬁeé'féepg‘éﬁ?lﬂlét}oﬁ’i a?gqrft%gﬁo YPRe 20
starting cortjcal,_baone. Follow_ng drainage through a sieve, the

deni ner al i zedlyBBRlzedor frozenipte. fordise ‘i%@‘g'i}ﬁ“?'h water for injection at 15 ni
per gram bone weight with the water for |njectiqQn pejng replace t

15-m nute inter valg'gl.le @mmm%@bwﬁﬁm&é%@]wﬂ%‘@&m g?‘l ‘Fsgtas"ogf‘b’&p?a&%: forpe
dem neralized bone is covered with alcohol and allowed to soak for at |east
30 mi nut eds Tisiely efowdppadic nrpeeduigs where dhex perticiRateip Hig boge heaHuggpyif PROSTAL er

for injection. -12 i ] ] ]
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 particfes 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
-9-



WO 02/-t7732 PCT/ USQOL/ ~1838~ The dem neralized bone is then subdivided in
the bone mlling apparatus of U S. Patent No. 5,607,269 to yield a nmass of
dem ner awioaed713ene particles of fibrous configuration. THCTAEHHEISAl i zed
bone el enents are then drained and transferred to a |yophilization tray and
frozen at -70C for at least 6 hours. The demi neralized bone particles are
then | yophilized foll ow ng standard procedures for 24 to 48 hours. After
dryi ng, the gelyandates papglydadides, palyhitules ghwphdeslactidedopalymei ete. Suithlde fillesd of
substantially fully dem neralized bone particles nmade followi ng this
procedur e, aSndlErHonepovidet,aleminbializedbonapewydrydrokyapatite, eté 5S8uitablehe f ol | owi ng
tabl e conpares the yields between the nethod of Exanple 2 1 o illustrating
. the present ipméiikdr®ndofekitiligingdadents ithide tigiit polyhydromst doatpeshdsBudhhg

Conpar ati ve Exanple: Amount of W. % Yield

of Product Dem gneerigaasim! dihagibedit. Saitild medhintodial hdeatsaaditelaatibionsBone
Particl esBased on W. of W. (g)wt. (g) vol.(cc)Wol e BoneExanpl e 29917. 98

1 1018. 2CO%pag@&di&&@@gm,%%cl%&ﬁab?&su%é@ac&vé@gemam&éaﬁ@i&mwaﬁﬁlbﬁoﬁaﬁaod_ of
this invention in which dem neralization of the 15 whol e bone precedes its
subdi vi si on ic?ﬁ(flﬁ%mgﬂﬁraﬂa%%t&ﬁ%ﬂwr&icleS (Exanple 1) yielded al nost 50
Wt . % nore usert ul ’rp uct than that resulting fromthe prior art method in

whi ch demi neral i z§f 0., fheGRAGEAGRS %E%faerggl%@éantb@%md% B e w

n
subdivided into m nergﬁ I'zed bone partic Conpar at | ve Exanple). -13 WO

02 7732 Pl oMeib it dinlly gﬁﬁegggﬁﬁéat&ﬂl&dmeﬁ% bokc 6 iR B R phifitdd bul a

cross sectiong m
4,743,259 and 4,902,296, the contents of which are incorporated by reference herein. Any

10  of a variety of medically and/or surgically useful substances can be incorporated in or
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
derivhtives, 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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were initially pressed between two flat plates of a Carver press[?] at
pressures ranging fromb5, 000 up to about 20,000psi. This first pressing
oper at i owofokavened t he bone sections and began to separ RE/USKI483840] | agen
bundles into fibers. This material was then ["fluffed up”"] and pressed
again enploying simlar pressures as before. The pressing operation was
agai n repeated yielding a mass of coarse bundles of fibers that were not
conpl et el y segyathatizeals; enzymes audh astchitagenabéy peptidabed, afidakeshetc s polgmmedetiut 50 wt . %
based on the volunme of the [starting dem neralized bone sections] and many
of the fi ber sscpfisidewiiieflarbshginbiscellfjahgidgeniondiigs ané polymeris caried tomaining éuch
natural fibers of the bone stock. The fibers ranged in length from 10-15nmm
- Wi th sone fi b&igs; bollaghiflattiveg antifenicla@énts] Oytasketstal agsltspeatiRgS Ranitn&NEYifg S Of
about 2mm Material that was not in fiber formremai ned i n bundl ed fi ber

clunps. The fidne&hWesntitci e boddistirotl 66, thésefdhyindPddth célls| hatdrB extrads,
seconds] resulting in a reduction of the dianeters of many of the fibers

and fi ber Punl‘igsﬁ‘estr&?féﬁlﬁﬁk!tboné]%fﬁ‘é:‘ alizethoné BEWdek, GaRiababul BEkied A6h bI3sy,” | engt h.

Thus, the fibers continued to fall wthin the aforesaid range of l'ength but
their dianete . gl r f 2mm
EXA:\/PLEI 3 Den%eﬁg%gf’lﬁg e g\’lf%%'ygﬂ 8‘%2@%’ @gg?‘f%{]ess’, 1{Ogal ou%&er&rﬁo?ﬁsgggt ) wer e
I qi . . . . Lol

placed | n 2 Seldfinl sl AR HATREES 1r8[1ﬁr§-ﬁ]fe0%%)$v§1 BASRIRGHDRIGHAY ©

orifices in therr aving diangters o respectively.
Under pressuregs fu 00-.10, | iheral i .gections
Subdi vh e e g s%wﬁggégr(g@%i%%gﬂgfﬁ%p ShRpl EbOBE: B! |

dem neral i zed,fi ber re on the order of nearly 100 w.%in al no every
caser 111t 0GR gl ke o iroimebre i phmigton (i pss b BT €
PCT/ USO1Lt 838~ A cel | pressing.procedure simlar to th of ampl e 4 was
carried ol oA BIFIE MRS S BIrmGoRS of O PR E¥F O BHGERE | - a
29mm di anet er  press cel |l havi single orjfice of 0.75mn dj ameter. At a
press | oad ofdeBvegs: ghiﬁf’@(%%g}’&sﬂﬁ%; %‘%HB‘I’"? 1CAGHds; &H‘%a@ﬁ‘ﬂm ‘gjisﬂ‘g’g"ﬂt‘ﬁ’tlﬁé
fibers that ranged in length from25 to 50% of the |len &ng;of thg,bone
sections frorAdded substencsy cansrary Wisel withertinugy lgvels bangrepdifydetengmgd ingowt . oo

The fibers ranged in |l ength from about 1-5mm and possessed a di aneter of
about 0.5nm 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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EXAMPLE 5 Substantially fully demneralized fibula cross sections of about
25mMmin length 1o were pressed in the press cells described in Exanple 4.
At presswoar/4rzagi ng from 5,000 to 10, 000psi, the bone seRAT/G$MH/H8384dI vi ded
into fibers having the dinmensions set forth in the follow ng table:

D anmeter of Press Cell Orifice, nmmApproxi mate Length of Fibers,

nmmAppr oxi mat e Di aneter of Fibers, mmll-51.5-221-51.75-27531-51 3-3.5 15
EXAMPLE 6 Thewpeesspletlsopmsiacénd witholdany vikibld minerklizzdpieas mdweting swbltadtalyi al | y
repeated but 20 were preceded by a prelimnary pressing carried out in a
Carver press @mplée Oéhipedalizafibe Tesdéniihedslizedboneaedion @ereshainkédW1ts water
possessed snal |l er dianeters, and consequently, greater length to dianeter

. ratios, than &h tHel pPPsfth®hiise vkt wab albova 10l The dermtéiyitkdd bonSEREbRWdréthel
fully dem neralized whole fibula shafts were subdivided into fibrous -15

WO 02/ 7732 PClak&dGh 70%:%8hnblof0E 1 b STIRem@étlide Pbohb 86c8ibnd Wete 3iitywigh @RisSdrs
.mll. Fiber length was about 5nm dianeter was about O 5mm and fiber yield
was about 50 it Yato EXANEINE 28 IKA-Universal Mill and processed in the mill for about 30

seconds to produce demineralized bone particles in the form of fibers (yield 17.98g,

110cc). The fibers were then frozen and lyophilized for about 12-15 hours.

COMPARATIVE EXAMPLE

10 119 g of mineralized human donor bone was milled in the milling 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 HCIl, the
bone is covered with 0.6 N HCI /20 ppm-2000 ppm nonionic surfactant solution for 24 to
48 hours. Following drainage of the HCI / surfactant solution, 0.6 N HCl 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 ih:ough 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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Exanple 8 was repeated but with fibula sections of 4-8mmin |ength. Fiber
| ength 5 was about 3-Smm di aneter was about O 5nm and fi ber yield was
about 50wet02lE73EXAMPLE 9 A nodel MA Fitzpatrick M I waP@Eitpioassis+t o
subdi vide substantially fully to 15 dem neralized bovi ne bone chi ps of
4-10mn into fibrous particles having a |l ength of about 1-2nm and a

di aneter of about 0.2-0.7mmin a yield of about 70 wt. % EXAMPLE 10
Exanpl e 9 wasThesjzerteedizbdibonernpthey subgividedunlthe bideXfillingAppiname pBHIS. Ratbidt t 0
subdi vi de the dem neralized bovine bone chips. The fibers in the
fiber-fracti oNo. 600|262 ¢b fiyldtahieasgbf dentifdalized biigtpartiofes abfibilous configurationdi anet er
of about 0.5-Immand the fiber yield was about 10% EXAMPLE 11 Exanple 9
- was repeat ed i desiidralizbdiBon2 eMasatsiaenthbiodm@iged amatantferéitoM lydihiliZation tray
Maywood, NJ). The resulting fibers, produced in a yield of about 70 wt

possessed a | angidieps -APRULr H1GATS BRA, mlcﬁﬂﬁkﬁaﬁméﬁboﬂ%&ﬁmﬁs%e@leﬁﬁm -16
V0 02017732 VBT T LA NS | B b R e o ki ng

demi ner al 'Szeglyt}@ﬂ@ﬁlﬁﬁlwgﬁnw} obeB L 103 94 e ARL ifhfdOmphol € bone

and thereaft m nera 1zed bone I n nerali zed bone

particles. t (i')emm 1zg§{)g' ng R{c ega s{?rt%d ng?rzgl'ﬂl eﬁde %lg% alﬁr%{lner alized

bone particles'Ts grea Arnet by su he whol e
b t I th ft th
woner al | 7od BOREMBAFE BRBPer i RuroyB e PeFdic, S ietiaf Bl 1%

The met hod of CI alkrpl% 1(]% gm ch the whol e bone is autogenic, allogenic or 2
xenogeni ¢ cor VP4 124/ dP¥%us or corticoncancel | ous bone. 1 4. The method
of Claim1l wherein_t whol e bone i s dem alized to _c ess than
about 10% by wei gﬁlfhe?@gqvg%qa SPOPAIRS t eylepdeé\[i)etweent e metho %%xamp eE

10 illustrating the present invention and the prior art method illustrated in the Comparative

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 Iﬁethod in which
demineralization is conducted only after the whole bone has been subdivided into

mineralized bone particles (Comparative Example).
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1 5. The nethod of Cdaim1l1 wherein the whole bone is demneralized to
contain 2 | ess than about 5% by weight residual calcium 1 6. The nethod of
Cl ai m 1 Weenei7m2t he whol e bone is demi neralized to cont aiRCRUS@E83%han
about 1 % by weight residual calcium 1 7. The nethod of Claim1 wherein
subdi vidi ng of the dem neralized bone is WO 02/.t7732 2 carried out by
mlling. PCT/USOL/.~838~ 1 8. The nethod of daim7 wherein mlling is
carried out in an inpact mll, a 2 gr @XAMPER2| or a cutting mill. 1 9. The
met hod of Claim 21 wherein subdividing of the dem neralized bone is 2
carried out by apBupstmgiaity €lirdendherglized ibulecbs skétivns @fibbrait dSrmde ldagihe. 1
10. 2 unconstrained. 1 11. 2 constrained. The nethod of Caim9 wherein the

. bone i s subj ewtrednitigllypressal tegweshitve fldintateedfaqhret plob«i? it Prevdedseangidghe bone
iS subjected to pressing while 1 12. The nethod of Claim9 carried out

under a pressféf 5000 up QAL 000pa0 This First Paabmg opthtish ORdned thebdne bfod¥eEt hod

.of aim9 carried out under a pressure of from about 5,000 to 2 about

20, 000psi .5 1 Zfh-begdtfro Wabiesknei c@a%bm&ﬁlewﬂ% fbdis. U 1¥Rs PRRAMGhas Aen] ®FRLNT 1S

subjected to an 2 additional pressing while constrained. 1 15. The nethod

of Claim?9 g t
Oy Ly o N Pt frdiBechlzgfl o éﬁ%ﬂoﬁg‘gﬂ?‘é’?‘% sirfs SUBIOREHR iQaff opeftion o

rethod of O aldrkelRkSidih e miOlERNGIERRGE ok AR odupfliy aDOU 400

nm i n medi an engt om about 5 to out mnmin nme kness and

3 fr om about V\%B%rgtegﬂg}ﬁteaéipotﬁgp "I'ﬂe gﬁﬂibout Q)&ag alé t wt Ar\%éé?5mgvaﬁ gof‘i m1

wherein the one ranges fro mm 1 n nmedl an

ol o gk B Ry S5 e AT 2
dem ner al I1(% edwgrg Near y%rs tglre%{ 4% thé'ha rg{ ﬁberseclf%]egb%tng Clogko nlf'he%ers 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 Qf from 5,000-10,000pst, the
demineralized bone sections subdivided into fibers which extruded through the orifices.
'IYields 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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1 19. The nmethod of Claim 18 wherein the dem neralized bone particles
possess 2 a nedian length of fromabout 2 to about 300 nm a nedi an

t hi ckneswoem@7o2 a nedian 3 width of from about O 5mm t o KBAUSOH48I a
medi an wi dth of fromabout 2 to about 35 4 mmand a nedian length to

thi ckness ratio and/or a nmedian length to width ratio of fromb5 about 2 to
about 200. 1 20. 'The nmethod of C aim 18 wherein the dem neralized bone
particles possess 2 a nedi an | engt h oEXAMEhEXout 5 to about 50 nm a

medi an thi ckness of fromabout 1 to 3 about 5 mm a nedian width of from
about 2 to about 2cdirpréasifs procedub®sinélar th eagbf Exatnple 4 Wasdahtaiout 6 i 0 and/ or a
nmedi an length to wdth ratio of fromabout 10 to about 100. -19 WO

. 02/ 7732 PCTI USRkferd1B3808onk setionfeMiciet & Smdn hapd if b benm dumelerqress byl t he
process of Claim9. 1 22. Substantially intact natural bone coll agen

fibers. 1 23.hali@ aRARR dtifict BHE TSt Memtetdl ACh Bicbd 134d HRY, 00103 0L0D0EK: the
substantially 2 equivalent to the Iength of the fibers as they were present

in the deni neyal k&agnabRviliEPiMotMy Hi raﬂg%dmlaegcﬁﬁwﬁrzes 19 BbRigra- 1eﬂgu261f The

dem neralized bone fibers of Claim2l1 containing at | east one added

medi cal | y/ surgl galel sxctﬁsﬁfﬁ&h vaﬁ%%@\g@gg obtaifed, ﬂaﬁx 96 W dbBEISOwh, %bem of

Cl aim 22 cont alning at [east one medi cal | y/surgically usef ul
subst ance

. AS. AZA . poagerEBAeA L leneth fomaboys 1-igm g RS RO RIS R . A9As. .
A9L. A999. A9. 99. A99L. A {9L. A39L Jf/n"} o
{vgkfa\W ca] ca] ca] ca] c*a] ca] ca] cal ca{‘%ﬂ%‘talﬂ ca] ca] ca] ca]ca] ca]ca]ca]ca
a0 vl gb] X1 oa] o aPESEIE LG 3R tTPe foud ol ion of spoutosmm i lengt) . cal
B LUy o ] CRUFE QP RUTLUEPIeS; (e %‘iiﬁlﬁ?ﬁfhﬁ 4y %‘af@aﬁuaeg]f%fzﬁr@aff%fég? cal cal

Ca] Ca] Ca] Ca] % 6}]0(6%(%31, a}le(i) Lg Sectiot Ca&ézmlied’i nto fibers vmg %1$0<§1mlerllslul)nls et)fzn)ﬂ?:n* TOr

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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7777-777: Q {upje [V]]ca]ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
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. cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gadpLBRCca] cal ca] ca] ca] cal] ca] cal] ca]

ZU] ca] ca] ca] ca] ca] gthaiptad wad @gdafea]bﬁamﬁhsﬂh sécabliscathoih ¥ radth akbeAkagh cal ca

< ] ca]ca] ca] ca] ca] ca] ca]ca]ca] c™a!l nnnnnnn( 0+000

P* P} PPPPPPS GAREEDoRt 35k HibMSRZ WK oM. Sharfildhll B4 1&@]1&35%1195(% ‘9@%0 a] ca] ca] c”
a] ca] ca] c”a] ca] caU] ca] cal] ca] ca] ca] c*a] ca] ca] ca] ¢a] ca] c”a] ca] ca] c~a] ca] cra
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a)J ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] caJcaJcaJca] ca] ca] ca] ca] cha] cal] ca] ca]

Sg]zrg]zg? 1{ ~({: \ ?| I %L}s;ﬁqg’fb(f%\ﬁ %ﬁ @ﬁl ;:cfl;ﬁl\g%]]%aas]egl ]‘Ogg(} tcoas]u'é(}ai .ggf%bgjagga]llé'afﬂjb&a] ca] caU
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2 o s

10% & ()-}i _d&é%““lﬂ*%*‘)é“a(“}s‘%‘e‘fgg‘l%@%"oy+' ‘Ez“lﬁ%ag‘tf)a-ﬁ%t %@%‘&“( )--7

10% & ()-810%W & ()-y510%W & ()- %z Fooi KK gl0%W & ()-1-10% & ()-S10% & () -

102/0:&: 8-?@100%&(%)?102/({&: (Q&‘Ho?/d&ﬁ%ii@@gg i K- K§_)10%'&' ()-" (12)%'&' ()-O/(En)

igég. g E g : f;l 20/?, /(')('&&'( %]%ga%l%é‘%%&&&gs)(r%&e%ée%gnéééﬁn@ 2(1& m()&e-l l\)[ 26) h&-'gniversal Mill to

109 & ()--& 1098 ()-+ 10%W & ()- (7i K7 . , )

1096 & § 3 -, 1o%gf'l)vldg@&?ﬁ?&“‘(ﬁ&‘f&/@‘?‘!}eﬁ%i6%3- (Fhedbersorthe fibeyyfaghion groduced

i K- KI 1098 () - f 10(@'@1%?- glO%&: () - Y, 109& (). AO% () - 9GI0% () -3 _

MLOY& () - MVD i B the d(a) ength b@)lt_ l2mm, a diameter of about 0.5-1mm and the fiber yield

109& ()-!10%& ()- @O0%& ()-:10%& ()-10%& ()-JO K- K7
109%&' () - 310%&¥¢5)abept %’ () -/ 109%& ()-- ! 10%& () - +109%&' ()-): 10%& ()-4Z, |iK7

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.
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109 & () -3 <Me==>/"3>>
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3 S05h T ) nebessAfiet piminaglisit g mineraiizod BOE partiios & brotide demifietalitel

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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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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1 19.  The method of Claim 18 wherein the demineralized bone particles possess

(8]

a median length of from about 2 to about 300 mm, a median thickness and/or 2 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, 2 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 equivalent to the length of the fibers as they 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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