;1 Mmoe3e$! pvr6T 3 1 D E C 200 OSTECGEN C | MPLANTS DERI VED FROM BONE
BACKGROUND OF THE I NVENTION This invention relates to an osteogenic

"nt enceMMRMIBRIHIRS . Re +Shai 72 epl aborent “andior augnent ati on of var ous
portions of«gpkdsral or human skel etal systens. More parti Cgiaﬁ:abggn dm[‘g

i nvention relates to an inplant made up of a mass of elon
derived elements optionally in conbination with bone powder. The el ongate

bone [ nts and/ or bone powder may be nondem neralized bone,
partiﬁmMMHﬁmmﬂmmmE dem neral i zed bone or any conbi nation of the foregoing.
An i npl ant..Qf..t he i nvent iGerROGRNIC SVEIDENTS HDERIVEDPPRONIFBONEE | N

peri odontal applications, €. g., guide one regeneration; plrastrc and
reconstructive surgery, e.g., where the contour of the bone nust 15 be
nodi fied; and filling of cranial defects; though other skel etal
applications a i Slo of pul veri zed exogenous bone
growt h nate?iaﬁiégéﬁkfﬁé??vgﬁﬁggﬁgaggﬁiﬁ%raIized al | ogeni ¢ or xenogenic
bone, in the surgical repair or reconstruction of, defective or_ diseased
bone is known. See, Thisitventon eatesito anpstepgspic Hsispaplant mads uppaf, at lgest in pat,
4,394, 370, 4,440,750, 4,472,840, 4,485,097, 4,678,470, and 4, 743, 259;

Bol ander et al elongathbondsderived Bementy iatendedifodmse invthe repaii, replénenepaid/onf
Segnment al Defects'; The Journal of Bone and Joint Surgery, Vol. 68-A No.

8, pp. 1264- 12§3imédtaadfivafibusiortionsasianhsll orimehaBeRelelalpystdth s Mofey mposi um
on Horizons in astic Surgery, Vol. 12, 31 DEC 2004 No. 2; pp.

233-241 (1985), ar@@ﬁ’%g?,i tﬂis?ﬁveﬁhﬂ% relitks R ehpiat 3 doRIp e Smhdl o@%ﬂﬁxg?ﬁé bone-

Dem neral i zed Bone rix 1nt Form of a Powder", "The Jour nal f Bone and

Joi nt Surgery, ,Vol .. 69-A S 34- ’ | qai ! l.cified
Freeze-Dri gé Bgﬁrévcﬂl q(?%?%ﬁ ‘%\ll’q‘a?g al%ﬂfcr?g?o alﬁ%t?q%al\flgﬂlggﬁw ?%Wﬁhaqﬁc%éoﬂg% goﬁp g’l

Def ects"; The International é’ournal of PeLi odocpti,cs nd, Restorat | ve
Dentistry, pp. denvedslementsandioghene pRYAeHMAY bg pondemiperaized hongs partallya fully o
wi th Demneralized Bone |Inplants") Journal of Oral_ and Maxillofacial
Surgery, pp. 628ewixgralizedieons or Ro9ymbination vhtheforpgome. An implantodhe inxentins
Model for Investigating Endosseous Dental Inplants: Effect of Gaft

Mat eri al s on Hheteimig esfecialiglesisabieifor uRoinpesio8ontfabappdichtipnsaags ghidedddnen a
Fresh Extraction Socket", [0 The International Journal of Oal & -
Maxi | | of aei al Irggehedation; Yistic dnd Pdeonstructipe suthdry2e.g., WiBe/the chhtoar s£the bohymust
processed bone has been devel oped into new shapes for use in new surgical
applicationg, o nflif@WaiPfRinkfSranid] defietsatiotgh Blier WRdl&altipplichtichslake/alidde
of nonbiologically derived materials. 15 U S. Pat. No. 4, , 470 descri bes
a non-layered QgteRne®! anting material produced from bone by a process

whi ch includes tanning with gl utaral dehyde. The bone may be pul veri zed,

used as a large blo I | i i .The, t i
stabilizes the mat e(r;flﬁlgl S%ﬁﬁﬁg@%gflgg%%@“ﬁ&#ﬁ g‘;ﬂl??{g%gerﬂazfrég%t %@Q?Iﬂ% y

i npacts the ostgoi.nductivity of the product..The hon terial so be
deni neral i zed. cggmgfr }Zeéétk.’ 5R° orgfegggfnd% Ofe L FIB5EEE! alg%)r?flji’or{ 8&%@&@ ofi
conpletely or partially dem neralized natural hone havin uf fici
flexibility to deastive pi diseaserbboneds knewn, e, 1qthis reéalfd? ﬂ?&fgsg?%ﬁqugg- Pat. Nos.
descri bes the use of a continuous sheet of dem neralized bone or partially

deni neral i zzad 33 AR50, 258400 6,480.007 b 688,470, cind i 143,335 Bolander ¢t al,,

“The Use of Démineralized Bone Matrix in the Repair of Scgmental Defects ', The
Journal of Bone and Joint Surgery, Vol. 68-A, No. 8, pp. 1264-1273; Glowacki et al,

“Demineralized Bone Implants”, Symposium on Horizons in Plastic Surgery, Vol. 12,



31 DEC 200g therefore sacrificing strength, in order to conformto the
skeletal site to which, it is applied. U S. Pat. No. 5,507,813 describes a
surgically inplantable sheet forned from el ongate bone-derived el enents,
optionally dem neralized, containing bioconpatible 5 ingredients)
adhesives, filler, plasticizers) etc. U S Pat. No. 4,932, ¥73 UEGCZU'[MGS an
artificial organic bone matrix with holes or perforations extending into

t he organi c bone material. These holes or perforations are indicated to be

centers of carntilage icaduct i on f ol l.ow ng { npl ation of the bone
mirix 10 0 SOEAPS REFRPCRsT I RleR snaf P L e T e b

ost eoi npl ant terial, fabricated fromfull enm neralized bone powder or
mcro particul ?@I%W@Fggﬁaemﬁﬁé‘% ﬁﬁfrpea 0%6 P&&Eﬁe%@@ﬁ%@qnﬂ@dg{PWt
is optionally cross-linked with glutaral dehgde. Anot her one-pi ece porous

i mpl ant i s destwgdizdVih 604 Neal, ppNR4-%9 163 38 s M ellpnig, fDecalsifitdFreeze-Driede up
of a bi odegradabl e pol yneric macrostructure, which is structured as an

i nt er connect i MBpreptiogreftlas me JmpbmkMatand] ln Buwee §ecotiontad Dedtopste The International

m crostructure conposed of chenptactic ground substances such as hyal uronic

acid. U.S. sPatJoubiis! o PBROISREs dnd ReslonmivaiDensitngipppdans (Juab) 1984);0aban @fralg
nunber of | ayers possessing conpression strength characteristics

appr oxi mat i ng “rhesiReRf of AWIDafect WilPDEminsRIRNYEB ond IepIRktsQ od#dal of Oral and
dem neral i zed bone products have proven to be unsatisfactory for

applications r ' ' i t98dya di i1 ]AGh;
ppl i cati Mﬂiﬂl&fa@ﬂd%ﬁ;éoygg, BP B0 rnd B OI: bnc ARABAGN @f ardi a%péxtﬂﬁfé AShirfal

variety of propertiies. | nbodi nent the i nvention herein,

mtertal 1S NiBad for ivdstiRafink FrlBs B0 xsa{axl%@'ea@%} Efr&et of BRAEMaLerfifs GhaPEd

closely to thé exterior o y surtaces, the
Healing of Endosseous, Porous-Surfaced Implants Placed in a Fresh Extraction Socket”,

10  The International Journdl of Oral & Maxillofacial Implants Vol. 2, No. 4, pp. 217-223
(1987).

More recently, processed bone has been developed into new shapes for use in new
surgical applications, or as ﬁew materials for implants that were historically made of non-
biologically derived materials.

15 U.S. Pat. No. 4,678,470 describes a non-layered osteoimplanting material
produced from bone by a process which includes tanning with glutaraldehyde. The bone
may be pulverized, used as a large block or machined into a precise shape. The tanning
stabilizes the material and also renders it non-antigenic but negatively impacts the
osteoinductivity of the product. The bone material may also be demineralized.

20 U.S. Pat. No. 5,464,439 describes a continuous sheet of completely or partially
demineralized natural bone having sufficient flexibility to conform to the implant site.

U.S. Pat. No. 5,556,430 describes the use of a continuous sheet of demineralized

bone or partially demineralized bone, however, the sheet must be sufficiently flexible,



m nim zing stress on the overlying soft tissues. In a different enbodi nent
of the invention herein, the material is formholding, i.e., able to
maintain its three-di mensional architecture even after rehydration and
deformation prior to or during inplantation. Mreover, prior art products
have been limted as to the size and shape of the fi nished?pf@@[ptggw t he
size and type of starting material used to formthe product. In every
enbodi ment of the invention herein the size of the inplant is limted only

by the total angunt. of startin teri gl availabl e, an t by the si.ze and
t);pe of starti %'Cﬁ%f?f&sf‘%ﬂf?‘“ S§nEH 1, prgerioca E‘Hitetll"%qc@rq?%hs‘%%?p‘é{ callgf

di splaying a variety of properties would be 1 o highly desirable. SUMVARY

OF THE | NVENTI ORPPli¢dr efore, it is an object of the invention to provide an
ost eogeni ¢ osteoi npl ant having a void volunme of not greater than about 32%
prepared by provi di nf)S.&at.INasy, 5078 3atescribes @mggicallp impladinblesheetdbmmmifi@n i n
a coherent nmass and nechanically shaping the 15 mass. It is a further

obj ect of the i eagitt Bond-Qerived\dléheentd) optidrallyg @ahineedlized) oontanilhg Bﬁd@m?ﬂiﬂl’é ,
at least in part, elongate bone-derived el enents which is capable of being

three di rrensi'hon éﬂié@@?@ﬁcsWésoﬁillérfplmiz%ﬂt&U on to provide for, say, the
. an

specific architeCture of an | site. 20 It is a further object of the

invention to provid n,0s}.eo j t el npl ant.. cansi st.i of a lamnate
formed at |east in SASt Pi‘%%ﬁ;?ﬁgbggfiiﬁ ?sa?ﬂtagch@hoég?m?/ﬁ&?ﬁ ’BF'lmﬁe‘?“g‘ ﬂ‘?ale%”
31 DEC200 It is a further abj ﬁct of , g’he inve_nii nto g&ovi de an

ost eogeni ¢ ost eBFHERIRUGRS SHirmding Tt the greegic bens matenirl s Eiesp BAkes ar RerRTatons35g
is menbrane |ike yet capable of holding its shape and vol ume despite
pressure from oindidajadiig bgicaatersaf caitdageand pore indugtippdoHewiigimplantationjof thedong
further object of the invention to provide a highly flexible, highly

conf or mabl e) ostmatrgeni ¢ ost eoi npl ant by addi ng a bio-conpatible fluid
Garner to the fully dem neralized bone-derived el enments, the carrier

remai ni ng imothe i mpUMitPae\Ws 43 94¢370ciebribeas onpieke spongydikedsieviniplet mdwgriat t
ofthe invention to provide an osteogeni c osteoi npl ant wherein one surface

is | ess penetrablgichiéd 88l fally @ nliheraBzed Bbn@pdwddr o8 misraisticulite bhite, kRyent i on
to provi de an osteogeni c ostéoi nplant which can be tailored to have varied

permeabi lity ang. Aanghd.8 goﬁ%?%@%&ﬁegﬁm graft is optionaily cross-linked with
glutaraldehyde.
Another one-piece porous implant is described in U.S. Pat. No. 5,683,459. The
15  implant is made up of a biodegradable polymeric macrostructure, which is structured as
an interconnecting open cell meshwork, and a biodegradable polymeric microstructure
composed of chemotactic ground substances such as hyaluronic acid.
U.S. Pat. No. 5,899,939 describes an osteoimplant fabricated from a number of
layers possessing compression sfrcngth characteristics approximating those of natural
20  bone.
However, the prior art demineralized bone products have proven to be
‘unsatisfactory for applications requiring a thin osteogenic material capable of displaying

a variety of properties. In one embodiment of the invention herein, the material is thin



It is yet a further object of the invention to provide an osteogenic

osteoi nplant in which at | east one surface can be treated to produce a
visible pattern. It is yet a further object of the invention to provide an
ost eogeni ¢ osteoi npl ant 15 whose size is |imted only by the anount of
starting materials available. In keeping with these and rel aﬁeﬂE?%ﬁ ts of
this invention, there is provided an osteogeni c osteoi npl arat i or m of
a flexible sheet having not greater than about 37% void volune conprising a
coherent mass and corfogmingr i.a.cbletabe iskiped clogdiy b the ekterionof bast sutfactd)ehabaped
materials prepared in accordance with U S. Patent No. 5,507,813 that have a
20 voi d vol umminimizing srastonahoorerYfpsandissues Irondiffaasnt LB oamicRE batie
prepared in accordance with U S. Pat. App. Serial No. 09/256,447 filed

February 23) 1BRAtivAheRinDBN¥enAerid®ls HRANRSIBTS Ve, i itdthebe 3
MPa. 5 3 1DE CIJ 2004mAI t hough nsot Rér\n%sﬁl r"l’gl toﬁgiﬁgg%ﬁff@%i}?thﬁé%ra%e@&ﬂs

bel i eved that , i L) vaid. v f.the osteoi.nplant.of this
i nvention all Sl\t/?/gﬁ?%trg}et ge{lg}rtr%rrg@(r]i tlﬁpgﬁggffﬁé@g%&?ﬁ%ﬁ% Wlqupi@qﬁté?‘%ri al s
that have a vgid volunme of greater than ahoyt 32% The osteogenic

ost eoi npl aht STOTERYEL, B @R Profycts a}ﬁ%‘%ﬁ?“thmlﬁaéﬁtqq’i‘&ﬁlzﬁlap@ﬁhmﬁ the finished
osteoi npl ants, i.e., thickness ranging fromabout 50 m crons to about 2000
m crons bei ngpmduct ey the size pabtype of starting meteiatused o formhthe psdcrgehi every

ost eoi npl ant of the invention herein can be contoured to a specific

t hree- di mensi emgbdiaienbf e investidn ke thelstledif BRANPLAN iAihREd bRIWH BEitoat
This form hol di ng enbodi nent of the invention is able to be i géb?; porated as

1 0 a graft ipt@uhdbr st PmhtediitaGaifibit dadl %eltsﬁe%xﬁ | &e&ts't'a{rﬂngxng %rﬁz{l:[ ﬂ] at

deformation prior to or ring inplantation e pro I Ng an

can interact hjologjcal wi.th the ho tissye.. In a.different, enbodi nent
of "the. i nent o thi tslrbedticmaleRgl Bprlet! BiiEing A Gucl ok Prorertiss weuld be
el ongat e bone-derived el enents and/ or bone powder, are conbined with a 15
sui tabl e M ocBighbt defirable) uid carrier that remains in the inplant, even
after dehydration, to provide a conformable material. This enbodi nent of
t he i nvent i onSUMMARY QRVHEANYENTHOMenory in contrast to inplants nmade
fromthin sections of nonolithic dem neralized bone as disclosed in U S
Pat ent No. 4, 932, 9TMerfate, isistahobtnsfehainhention td provivemitbsedogeticiosteditpRrnt
exterior of a bony surface thereby conform ng to a bone-grafted surface.

Because 20 t hhavigglaodidResllimebf #d1@raater @RnEBbRBRY Srepited bi peovidinEOsNRM e t he
ost eoi npl ant mnimzes stress on the overlying soft tissues when they are

cl osed over t Bgn,bé}ﬁ,i?%ﬁé Breqfrivéd éler]pérﬁs frifdohErRA mta&ednp Pﬁ&hﬁﬁg?lﬁya%ﬂiﬁ:%fg\gm ot

configuration of t enbodi nent of the. i1nvention allows 1ts'p

bet ween ogper qégeoinplant materials, e.qg., allograft G 3 1 D E C 2004
and/ or autogrgf . and gingival tissues in ridge augnentation and/or

peri odontal repair procedures, | referred eppodi nent qf the i nvention
Per e nthe fury ALl iapaobiret e DY SR BV R S OB PSSP HORHE! DR
acting as an inperneable nenmbrane, serves primarily, as a barrier nmenbrane

i nparting ost 88§&Atdeastindsrtngipagite hongdepyirdsments which igcapablefdining Hree-
ingrowmh of soft tissues. This is especially inportant in the instance
where the tisdiraensionsdly shaped pgerta lm&ptaéwewrewdﬁ ferhsayy the\specifig @rchitecture of
bone-grafted site, e.g., ridge augnentation. This is in contrast to pnor
art products whimplanteid bility is inadequate for use in facilitating

cl osure during such procedures. In each of the different enbodi nents of the
i nventionggthe ost gppafufthérdbRet ShéMvaitionRs BRVIECiASEEREehid GsteBihPRnfrEt hod
of this inventionis not limted as to its final size by the anatom c
constraints Ofco{‘)ﬁgﬁ Jx Haté%nﬁédeﬂ?él&ﬁn%&]‘?@Po%ih%%sfc&irﬁpﬁaﬁ%‘lﬁh RiVenfigh her .
it is capabl e of beihg nade to0 any size s ong as an appropriate. anount
of starting tecial is available. In addition, each of the different
enbodi ments i $%%xi bl e when in the hydrated state. The term"flexible" as
utilized herein refers to the ability of



15 the unsupported inplant to be deforned by the application of a force or
conbi nation of forces, e.g., conpressive) flexural, etc. The term "bone" as
used herein refers to bone that is cortical, cancellous or
cortico-cancel | ous of autogenous, allogenic) xenogenic or transgenic
origin. The term"dem neralized" as used herein refers to cmequmg‘ning

|l ess than its 20 original mneral content and is intended to encomnpass such
expressions as "substantially dem neralized") "partially dem neralized" and
"fully dem neralizeit'is a inthet objected tirecineentiontth pravighe asesterpehiwigsteoimplant hyde
dem neralized" refers to bonederived el enents possessing at |east about 90

wei ght per cent ypof fl§i denffidralized bohd€legmants haf is mémbrdre Bkl y2P&habledEhalding its
content, the expression "partially dem neralized" refers to bone-derived

el ements possegpinRGnd voRMRRRiteSrtRQudlifith oP8yEs Bz iseR! i Of gg?@fc'iaining.

original inorganic mneral content and the expression "fully neral i zed"

refers to bone cont ai; 3 i L giaal, Whnemal : . The
term "ost eoi npl ant” %égyﬁge%ﬁﬁirr‘%' np?fgt?{%?ich %éna%r rgg@g-a d{e%llﬂgé%kllbﬁ%?]‘w
prepared in_accordan with the enbodi IS 1nv i on.and. t hepefore
PP ht ended ¢ oopferTe Sty oRRTBHeRTAL Midad Rotosrbritia Afla e g, O
The term "oste nic", as.,applied to .the osteoinpl.ant of .this. invention
shal | be under g-ﬂg’dtm}igﬂﬂé?“g&’r‘)f‘ﬁ‘ CTYtharlneé“ﬂﬁ‘f’ﬁﬁet %r}‘pr?f remaInig nhainaiapt ¢ygn
enhance or accelerate the 10 ingrowth of new bone tissue by one or nore

mechani sns suchfterdebydraddmduct i on and/ or ost eoconduction. The term

"osteoi nductive" as used herein shall be understood to refer to the ability
of a substance to r &ds pétta farthiertabjest eftheinvention forpravide aniesteogeric ostedimplant he
potential for repairing bone tissue. 15 The term "osteoconductive" as used

herein shal |l beheriiesrsd suofdcd 8 1eseipenetiabletbyecedlsi | i ty of a substance to
provide biologically inert surfaces which are receptive to the growh of

new host bepe. The I %f‘f@ftﬁéﬁggéa BBthaRilenf6n E@p%bﬂe%%%te@éerﬁ@ﬂ%ﬁgrﬁ{gl%igd

el ements refers to the ab t he bone-derived el enents™to a
each other either nmechani.cally, e.q. 20..ent angl,enent . .or bendi ng; or,
by the use of ﬁ‘b?’b%%ﬁg?f%?cie%rpé‘tv? ??iﬁﬂbééeéwg?bé@? a&'ﬁ t\ﬁ)ﬁ@l‘%‘fhaﬁ‘?gel}fgg% of
bone-derived elenments is in the dry or wetted, i.e., hydrated, state. The
expr essi on "mechani ddis gt asfustberepiecs of e nventipn tospiov1ds;an qstaogenip efteoinplantdn
herein shall be understood as referring to the application of external
forces, e.g., which atleastone surface can be treated to produce a visible pattern.
It is yet a further object of the invention to provide an osteogenic osteoimplant
15  whose size is limited only by the amount of starting materials available.
In keeping with these and related objects of this invention, there is provided an
osteogenic osteoimplant in the form of a flexible sheet having not greater than about 37%
void volume comprising a coherent mass of bone-derived particles. This is in contrast to
the shaped materials prepared in accordance with U.S. Patent No. 5,507,813 that have a
20 void volume of at least about 37% and the load-bearing materials prepared in accordance

with U.S. Pat. App. Serial No. 09/256,447 filed February 23, 1997 which have a wet

compressive strength of at least about 3 MPa.



8 3 1DEC 2004 conpressive, lateral, etc., to the coherent nass of
bone-derived el enents through any suitable neans, e.g.) pressing, rolling,
etc. The expression "void volunme" as used herein shall be understood to
refer to the anount of non-solid space contained within the inplant of this
invention and is determ ned by averaging the area of white sp hiy,each
field of stained sections of the inplant. Such space w | %3 @Eﬁs? red to
be void volune even if it contains a substance that is liquid at amnbient

tenperature, e.g.) QumuR nelivishiido 8% BoHRIYyReory It MVRALFHINBL! tRSrebidivelyed t 0
this invention refé@s tug tnhe :atsbimlg??y of theyqirrp ant to be deforned pr)ieor to

or during inplantati and ISt t : r Al its
original ar chff& ltvﬁf(go%lf"{n r°¥?l$n%?sg%'?’g i otﬁqfl@%ier&?ggrl% 2;’!Hscﬁvasptglt ‘?‘é%P‘%"&%} as
utilized herein refers to the ability o i npl ant to intain, a

br edet or mi med PEYRSTAE P ERmRRTEaro N malbrp s LA FBYE RYalR Sp IR £Rveden B 2bapg
expression "non-|oad-bearing" as utilized herein refers to the

unsui tabi | i ty38.the invention herein to be utilized in |oad-bearing
applications, i.e., applications where 15 the osteoinplant would be
expected t® W t hst ahe dsteegapiplosteaitripdant of thisanyanéien isrmudhathinacrthen gripr art naj or
di nensi ons. Rather, the invention herein is envisioned as being suitable
for those applosteaimplaats\ie,thickhess iraithgafgrh aeaht 50 ntitrens todbant 2000fm@nyns betg d
be largely flexural or tensile in nature. O course) sone conpressive force

wi |1 be appli editedy sliEab®s IR UnERIMBBHInUE tHeostddgedio baesimpenest e identibe herein
ti ssues) overlying the osteoiiriplant, 20 however, such forces) would be

appl i ed al ong fhe, ﬁt‘&ﬁre‘aitgﬁr}ﬁe&gc ek - QRidhSor® hrchRechire S ik réBGIYdtdYER atsr t O
be considered as clinically "1oad-bearing". The expression "gui ded hone

hie i nventi ofcParaia DY REFCRGHIRR AL ARRARITHL Bendigloiel GPRchrigyss

i nd fficient b h bef petitive faster-grow
1i'SSue andOepia BERTEP GEITRER e sphE oG Fepie prer Bl Sk Fpth ARGk oer, o

as utilized herein shall be understood tqQ refer to an . . .
during implantation while providing an?mplant that can ?ntgract biologically with the

host tissue.

In a different embodiment of the invention, the fully demineralized bone-derived

particles, i.e., elongate bone-derived elements and/or bone powder, are combined with a

15  suitable biocompatible fluid carrier that remains in the implant, even after dehydration, to
provide a conformable material. This embodiment of the invention does not have a shape
memory in contrast to implants made from thin sections of monolithic demineralized
bone as disclosed in U.S. Patent No. 4,932,973 and is therefore able to be shaped closely
to thé exterior of a bony surface thereby conforming to a bone-grafted surface. Because

20  this embodiment of the osteoimplant is thin and conformable, the osteoimplant
minimizes stress on the overlying soft tissues when they are closed over the bone-grafted
site. In addition, the thin membrane-like configuration of this embodiment of the

invention allows for its placement between other osteoimplant materials, e.g., allograft



operation or process which reduces the porosity of a region of the

ost egeni ¢ osteoi nplant thus rendering such surface area substantially

i npernmeable to the ingrowh of soft tissue) i.e., undesired cells and soft
ti ssues that are conpetitive to bone formation. The term"integral" as
utilized herein is intended to differentiate the ostegeni g ¢JEDiggptant of
this invention from osteoinplants which are conbined with a separate
barrier menbrane material. In the instant invention, the osteoinplant and

zone of 10 i NperdysARitbitalt, MEginRlvaotifliedintilge Rmideitidrandlor Berioddh®i repai
are.indivisibly i n?%lr c%‘tr?%téct e%.ngo as} to forrgn a single) uni flﬁed whol SpallJrse

of the expression “bonesderiwed nent s [ tons qf 4| L_or,t
shal | be underg’t'oé:S%“rg% F%? g?c:f%ﬁegf‘%rﬁbopdlﬁgg%tso?g’f 1 oeﬁggﬁ?hgﬂélr?y&\?aéplhgtﬁ f/mg'%r%lfz)fgs,
t hi cknesses and configurations .including elongate,particles, particles,
fibers, stripsboRfoderéved igiplant afis vention, ACting 28 ap Wéaws*g)emqﬂﬁbrﬁ% SEN&Yi ng,
cutting or machi ning whole bone with the proviso that such el enents are not
envi si oned as punrEbhEhgLEige mendsanedmppBing l§stepgcpicnstopimplant ke propgtics whde
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is cross-sectional view of a
shaped mat ey i apravestivg mgrawthafdbfigissies UTHs i espeeinby impartanbirbibe ifktfhice Mg e
2 is a cross-sectional view of an osteogenic osteoi nplant prepared

accordi ng to Expkee darliot BE elosé&comﬁeﬁly&rﬁgmﬁwtﬁ BitieqranddsitNe.gl) ridgged
perspective view of the assenbly of a bone-derived |am nate inplant of the

mat ot ol al tor RETAR G bt RERe (oRy A O Bhr B FR AR TR ARG R

of her Tayers partia m nera

bone material and/or .optional materia i 4 is an enl arged
perspective vi BW ‘&{aﬁ’?‘g%W§ ci%%rgéwqgaéﬁ%ﬂg{ég%#gsf he invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The osteqQgeni c. osteoi npl ant _of the present
i nventi on conprises Iaﬁawtgag{fgaent emob%dlrx]ﬁentso the 1Inv nt%n, the osteogeric

10  osteoimplant prepared according to the method of this invention is not limited as to its
final size by the anatomic constraints of the bone-derived elements from which it is
made, but rather, it is capable of being made to any size so long as an ap_propriate_.amount
of starting material is available. In addition, each of the different embodiments is flexible
when in the hydrated state. The term “flexible” as utilized herein refers to the ability of

15  the unsupported implant to be deformed by the application of a force or combination of
forces, e.g., compressive, flexural, etc.

The term “bone” as used herein refers to bone that is cortical, cancellous or
cortico-cancellous of autogenous, allogenic, xenogenic or transgenic origin.
The term “demineralized” as used herein refers to bone containing less than its

20  original mineral content and is intended to encompass such expressions as “substantially
demineralized”, “partially demineralized” and “fully demineralized”.

As utilized herein, the expression “superficially demineralized” refers to bone-

derived elements possessing at least about 90 weight percent of their original inorganic



made up of, at least in part, elongate bone-derived el enents havi ng not
greater than about t o 32% void volune. To fabricate the osteoinplant of
this invention) a coherent mass nade up of) at least in part, elongate
bone-derived elenents is first produced followed by nechanically shaping
the mass to formthe osteogenic osteoi nplant. The osteoi n@l‘arﬂtﬂ%ﬂouhi S

i nvention can have a wide variety of properties and characteristics
dependi ng upon the ratio of 15 el ongate bone-derived el enents to bone

powder and t he mtiagabenednt,deaexpesssibn Zpdriigly demihéreligedqrsiRytionediefinéLeleets
O course it will be recognized by one skilled in the xrt to which this

i nvention nost p%gs‘é?s?ll;g/ fr&’ﬁraﬁﬁiiltrﬂstotaﬁﬁ;t QB%i%‘?)?b@ﬁEﬁtvﬁ' théld bﬁgfs?x)@l @Pr%aﬁiec mineral

bi o-conpati ble " matri X as we as any a onal treatnen

osteoi npl ant of_ this i,nvention befaor dur i »Or. after processin r,
optional ly, af C8PRH 82%%?’?%‘355'3? &@?’ ?rc 'émt)é?ahggr i xgr)? erigo E?Fbelp%oﬁlgﬂ?‘f’gr\&\iﬁz\“ & so
affect the prop%r,ties,' nd, characteristics of the osteoinplant of this

i nvention. Suci®!#®ARBRR! PELTEAEPMFL s envi si oned as being within the scope
of this invention as detailed in the specification and exanples herein. 11
3 1 D E C 280 The bdhe tesmeiogigpimpantt g usphbpreiaresraiol antbonaisierived imaplant
accordance with this disclosure W11 typically possess a bone el enent

cont ent rangi ngrépatehinlcusrdance withtieembbdinents gf thisdaversivn)andtkdrefoadis\intenidath
about 20 to about 99 wei ght percent, and nore preferably from about 40 to

about 85 wei ghtto pRIvAE BkpreidsiR Guéiiastbdfe weinblineMBorelt@agdter ent 5 nass
cal cul ated prior to mecl?]ani cal shaping of the coherent mass. In a preferred

embodi ment, the cohgneidmTR3RosaiE"ak AgplRH té ARYstedRABlaRR6L th ihVention shall be
dem neralized content of elongate bone-derived el enents and/ or bone powder.
In this enbodi . )| b Lf e er
Tt 809 o aREkigh A AR ¢l Mt bohit o implid Bt o RAL R

e par e processing, e.g

dem neralization, of the hone elenments prior 10 to the formati.on of th

oot eor ol arlp. oftrar: ¢SHretens e & ng b meehprisdteh i fHtpifghcton andror

| yophi l'ization of the osteoinplant prior to or during packaging, all though
of course it mateacqyéu@tmmrew suitable to store and/or ship the
osteoinplant as is frozen) or, alternatively to renove the fluid carrier by
ot her met hods. Opti dirgltéryn “cgteoinduétivg” apused hergithshadldre wnidierstoodety rifer tosthd, t he
bone-derived el enents may be fully dem neralized or 15 fully rriineralized
or any conbi natabdity of a sutatanvetof recrnits andltrarsforminedls fient thefhoshwhich\hawd ihepotential
formholding) i.e., it is able to retain a specific, predetermnm ned)

archi tecture crfoptepsirielpgbongtidsaé.mat i on of the osteoi npl ant herein, even
after rehydration and subsequent deformation which nmay occur inmediately

prior to orysduring iTHeltemd edstedBondibreve” abhised HeRasl R be @lderdiifod®ieRy BNt
is to be enployed in a form holding situation, 20 non-dem neralized and/ or

superficially demper2bidkedc-ORodas Bi%%%icﬁgﬁms%rﬁ@ék @ﬁicﬁf&?{)@@&ﬂtﬁ%‘igtﬂé‘

that region of the” osteol rrpfant ere the desired formw mal nt ai ned.

By fabricating j TR RaR i steoinplant frompartially dem nerali;zed
bone el enents) f ethpor%t@gessrg §°“\%hi ch the osteoi npl ant breaks down woul d

i nclude both 12 3 E ¢ 200 renpdel i and i ngorporat.ion wth t oSt
bone, while the ar ct#\cgﬁrf’hrcé’%f“'fmnﬁf mpi’ieflngg ﬂ{WB‘?}g‘?ﬁ’SBCE ’é‘vﬁ‘ggﬁnﬁﬁtsﬁ%gegzhc
The partially dem neralized bgne-derived el enents possess osteoi ndyctive
properties and apldy e&g’ﬁﬁﬂ°§e'§F“YP§r°ﬂqnéﬁ%%fPia§}b“FFP%?ﬁH other sitBeLmeeynicaly felt Phg
process. Malleability and strength are also maintained. Being sem-rigid in
5 nature, tife emtroglemsnt, or beridingibor, bythewse ofin bipcampatible matoiymegasdlesreaforhninay
novenment and |load transfer at the repair site. In yet a further enbodi nent
of this inventith@matdef bopederioad sanmenind id it the dpy bewetted)iieg iytrntedastateus ways
W th~other simlar osteoinplants or other materials to form an osteoi npl ant

of |aminate-type COnMglelatlesQbn "fHifthafi¥ANhEpink B EEpraskiont 8f Sstife iMpbrant ual
the invention herein can be, through chem cal or mechani cal neans, caused

to adhere to each.. . .ar [ . ' '
reinforcing fi g‘“@?‘g?g@g@ﬁ cg ?rs%e%tsdﬁgge?‘ug%‘% FOMEEP%Q%Q?WEQ%%%} ?dr(c)?s’ ? R
osteoi npl ant |ayers. Such lamnate materials will differ from known

ost eoi npl ant | am nates such as those disclosed in U S. Pat. No. 5,899, 939
in that the final size and architecture willgbe determ ned by the

total . amount of starting is donor material available rather than the
specific size or shape of the usable donor material avail able.




For exanple, in a preferred enbodi nent of the invention herein, the

osteoi nplant is formed of el ongate bone-derived el enents in conbination

wi th bone powder. The ratio of el ongate bone-derived el enents to bone
powder is between about 1:0 to about 20 1:4. The bone elenments of this
enbodi mrent of the invention will lie processed such that ;ﬂg ptpeg@#
content of the bone elenents will be between about 0 and u 0 based
on the original mneral content of the bone elenents. 13 3 1 D E C 200 In
yet a differ encompisssivergaterabete,te thernpbatenmassidf dohe derieddeniements thuengh any
conprise the coherent mass, present in the sane ratios as descri bed above,
w il be fully demblemainszeg, pressing,trolling) et¢g nmechani cal |y shaped into the
ost eoi npl ant of the invention. This enbodi nent, although being very thin,

s relatively inflexhblgoisid vbRi VhHer Ahlse a8t shill buaAR0H Rorciidh tnedr Y

tending to return to 1ts original shape after de prete

variation of the above enbodi nent requires. the.additi of betweep, about 10
Vo about 90 percai aefaMThaF cotiteh pRin bR uPEhe ords hvPBpn 5ot isor ng
mechani cal I%/ sgaped_ oi a bio-conpatible fluid Qarrihﬁé thgt femai ns in_the
ost eoi npl an? e SSAMANELPY axsFReang thegrea qf yhite;spaceip sashisid of staimed spetins of the,
the osteoinplant is thin and 1o without formnenory. Therefore this

embodi nent i s Hoplag rfaish spagewvill e eepriddred foyberoed voluing exprpifiitenntaingsa substance
requiring an osteoinplant that applies mniml stress, i.e.) it does not

di srupt the oveérat isiliigidafambidms sdigperdtaie, £.8., 0/50se80er it. O course, as is
the case for all enbodinents of this invention, this particular enbodi nent

can receive further The egirbR{¥n(‘Sdrm Bolding” aPappiRE €S thid invBRAINTRARE & the 2518k of
tissue ingrowth,~resulting in that 15 instance an osteoinplant that readily

acts as a_bar r e RPARerfitncaiof th AR iAblanBGR of 8 b ALI0RR A,y

.perrrutations ol the bone elenent's an carrier and/or opt1 Oona

mat eri al s d/ or. optional .treatnents:. asg wel ..any suitable nmethod of
drying the?aecﬁ%?@%twégﬂgﬁ‘g GRS gfrf‘rﬁﬁ%\rﬂfn,pllaés%m@hvi sioned as being within
the scope of this ipgyentiqgn. 20 After, mechanjcally shaping the osteoi npl ant
of the invention as%ﬁsw?‘gwea{sws RS, %%?‘“F?é‘ségf%?%ﬁyﬁtmwlb‘g to

optionally occluded to reduce the porosity of that region so as to render
that region i nmRentRiam Riedetermined shapootiten aBer orchydration and/orimplantationnp| ant
can also be optionally pre-shaped to a specific forme.g., sheet, plate,
dish) 14 3 1 D E Th2egyessimritiop-loahbsaring®ed utdized hemsity xefers ty the udsuitzhditp nfil
architecture prior to packaging or inmediately prior to inplantation.
Dependi ng upon flidiaveivaihticin Rrirodilized in load-bedripdpglicions)i.ef, hephaition: whkant
of this invention, optional treatnments, e.g., protein nodification)

adfliht i OB ?flS bi @eosERithplaft WoulRbeagdcral t8 WithsANE &t apBli€ationFoRPrdisioy ifsied
el er erore,

along its major dimensions. Rather, the invention herein is envisioned as being suitable
for those applications where the load applied to the implant, if any, would be largely
flexural or tensile in nature. Of course, some compressive force will be applied to the
osteoimplant due to the force(s) exerted by the tissue(s) overlying the osteoimplant,
20  however, such force(s) would be applied along the minor dimension and would not be of
such magnitude as to be considered as clinically “load-bearing”.
The expression “guided bone regeneration” (GBR) or “guided tissue

regeneration” (GTR) as applied to this invention refers to the ability of the implant to



5 during, or after production of the osteoinplant. Such optional treatnents
are envisioned as being within the scope of this invention. Production of

t he Coherent Mass of Bone-derived El enments The bone useful in the invention
herein is obtained utilizing methods well known in the art) e.g.,
aseptically procured all ogenic donor bone that has been cl e?npcDEamqmp

di sinfected. Bone-derived elenents can be readily obtained Trom donor bone
by anyone of several nethods, e.g., as described in commonly assigned U S

Pat ent Appl n. Wﬂc&kuﬂﬂ@xcnﬂﬁfnéjglo@ﬂpoeff)td &ﬂnﬁﬁ@x@@%teﬂéﬁovﬂﬁggﬁyﬁ tsSELAROr at ed

herein by reference: The bone maybe cortical, cancel | dus,

cortico-cancel lg gfﬂﬁelﬁi AN ERAELBYSe reﬁhir%ﬂ@n' C) xenogeruc or transgenl C

origin. 15 M xtures o one or nore‘types of dem neralized bone-derived

el ements can be enp JMr.eover,, nor e, o s of dem neralized
bone-derived el errenbzlgicéw 9&Cd %Hgﬁﬁe‘ilé ﬁ“r‘?&?leﬁXaﬁ? IHoebiR-1gisHiaRYal i zed
bone-deri ved elenents% i.e., bonederived elenents that have not been

subj ected to aCBERIGRPLATPCRSS WB’thHFBE"é?éhe Rergsity ef yregionef theosggenic aisteoinyflant
non-dem neralized to dem neralized bone el enments can broadly range 20 from
about 0:1 tH ab¥rendegng sichisurfpes anee avbstansially iwpemaaableto det iogroivtiedf st tisses e
skilled in the art on a case-by-case basis by routine experinentation. |f
desired, the banguntsirsdetlle hndeslt sisses that arOeirpetitive fo P& BfmdHRRE Ways,
e.g., their protein content can be augnented or nodified as described in

U.S. Patent Nos. 15The Rrh “ﬂt&rﬁ"%%tﬁz@&ﬁeéﬁ%s@ﬁt@n&d&g%lﬂgc?@ﬂtiaw(}ﬁ ﬁ&%n SS

of which are incorporated by reference herein. The bone-derive

b d d t I h bi, nder
e
bi / bi dal dth k
D 0SLaLieT ) oc e AR e G RS A e, B Se e Sty

configuration., One or .nore of such substances can be conbined with the
bone- deri v&d ePEFﬁSWF%blBSY e inksanyl With pRerapathery i.e4 thely @rrindivisibiy dntercommsated so n
a solution of dispersion of the desired substance, by physically adm xi ng

t he bone- deri vesitodbamasingleanifiedaviidei r ed subst ance, and the like. Suitable
bi nders i nclude biol ogi cal adhesives such as fibrin glue, fibrinogen) 1o

t hronbi n, nussel adkisebfithe prpression “ls;odekderuea:etdmmnm'cdrleag:eﬁkxorﬁ&i‘ﬂk@xmport shall
gelatin, albumn, keratin) chitin or chitosan; cyanoaeryl ates; epoxy-based

conpounds; denbelndestood asaeferiigto piecssaifibone Ql RSpvATREAST %s(tﬁl&kﬁbs@@s and
apatite- wol | ast oni te) dental resin cenents; glass iononer cenents;

nonbi oabsor bablgnfmratigas mmalfhgaaoﬁgliwasﬁiehét partiereb, m‘ﬂ%}m PE@BO@E&%@ ich

pol yt et raf | uroet hyl ene, pol yuret hane, ~pol yani de; gel at 1 n- orcinol 1

formal dehyde glcb}?ﬁe oﬁﬁhhcﬁﬂfﬁu lﬁﬂgeﬁlag* utti?igl : ac{\irngg \Oﬁqle BhRADSS ¢ fhg%?ﬁlwg%o

pol ymers such as starc 1yco gl'ycoli

ool yoor bonat os AL R @GR e pRCeNAROIA bhulfind T g Eltin @?%%f’egep??ﬂo-

polyhydroxybut¥%@é§ pol yhydr oxyval yrate, pol yphosphazenes)
pol yvi nyl pyrrolFti 3 pol y- propylene funarate pol y- propyl ene 20

fumar at e- di acryl at e ol ropyl ene coI co-fumaric acid),

tyrosi ne- based SSB&B&E@ (%F‘u W&HGSt abl et binders (such as
Eudragit binders aval | abl e from HuI | s America, Inc.), polyvinylpyrrolidone)
cel lul ose, ethyl ceFigurobis crodsesectianay view bf nehapel mstare prpared hesddding REUT ;
nonbi oabsor babl e pol yners such as pol yacryl ate, 16 31 DEC 200

pol ynet hyl p@t hpateyd 6 65,5078 18t et r af | ur oet hyl ene, pol yur et hane and pol yam de~
etc., derivatives and bl ends of the foregoing are also suitable. V\hen

enpl oyed, binder wi g} w@iscdaérbeg ;eeﬁseaev@ewfofmapg%%némﬁéa@gﬁt ar&F' ght

percent of the bone partlc cont al ni ng conposit calc rior to
formng the sh eferred 5 binder is glycolide-Ilactide
copol yner. SUI? %(hggﬁfﬁer ?%@?J@é graphite or pyrolytic carbon;

bi oceram cs; bone powder; fully mneralized and partially or fully

dem neralized cortical and cancellous bone in any form including particles
such a's dem neralized bone powder (or "dem neralized bone matrix" as it
may al so be called); sheets and shaped bone pieces; bioglass or other 1o

bi oceram c or natural or synthetic polyners)yg.g.) bioabsorbable polyners
such as pol ygl ycolide, polylactide, glycolide-lactide copolyner) and the

Li ke; nonbi oabsorbabl e materials such as starches) pol ynet hyl nethacryl ate)
pol yt etraf | uor oet hyl ene) pol yur et hane, polyethylene and nyl on; anorganic
bone (i.e., bone mneral only, with the organic constituents renoved),
dentin tooth enanel, aragonite) calcite, nacre, anorphous 15 Cal ci um
phosphate hydroxyapatite, Tri cal ci um phosphat e and ot her Cal ci um phosphat e

e




20 Suitable fibers include carbon fibers (graphite or dianond); coll agen
fibers; tendon or liganment derived fibers; keratin; catgut; silk;

cel lul ose; chitosan; suture materials, e.g.) PLA/PGA and ot her copol yners;
pol yet hyl ene; Tefl on; pol yurethanes; Bioglass; hydroxyapatite and ot her

Cal ci um phosphate materials in whisker or fiber 17 31 D3E1(9@@%P5hape;
Al um num oxi de; etc. \Wen enployed, fiber will typically represent trom
about 1 to about 30_wei ght percent of the bone particle containing

conposi tion, cal cul B8 dis ayenlasgedpersnegtivsacw nbihe dssemblyrafal bonFideriveéf er r ed
fiber is collagen fibers. Exanples of meshes include for exanple, fabric or
nmesh st ruct ur esarcioatedimpilang of the ibvemition berethepusieksimgilaférb of SartialBt ddrhineral@edes,
e.g.) Titaniumand alloys, Tantalum stainless steels) Cobalt chrone

al loys, Gold, ShipedbonPhatéralBlterfiting \Wﬂeamemye@mqmrmGerwidéraﬁziéaisﬁi?;léd%one
represent fromabout 1 to about 7 welght percent of the bone particle

cont ai ni ng conm%ﬁd]gga/ppg#ma%ggﬁmsi or to form ng the shaped materi al .
S )

The preferred ne I's titanium nmes lo Exanpl es of substances inparting

radi opacity,.include.for exanple, fully m.neralized bone particles) Barium
and | odi ne tont ai ni ‘&“Eeo‘ﬁﬁcﬁﬁ‘rfﬂ‘gar%‘?f%%‘ﬁ‘ég‘fet‘f‘%g a bpng deriygd, P@Fﬁa%?%'é‘tee and
Barium Sul fate, for Suspension, lopanoic Acid) and the |ike. Wen enpl oyed,
subst ances i npHMEPHGMr adi opacity will typically represent fromabout 1 to
about 25 weight percent of the bone particle containing conposition, '
cal cul at ed pri PETAILED DESCGRIPTION GHEHEINVENGAON . The preferred substance

i nparting radi oapacity is bariumsulfate. Suitable plasticizers include
l'i quid pol yhydroxy Thepsteogenisostéoinplagt yhe plesenibReaioalichpristsantidohdgate

pl uroni cs, polyoxyners, block copolyners, oils) gels of colloidal clays,

aqueous gel s ofna@& Yot M'sb’i‘?ﬁfaft, aHﬁ%té‘ﬁorﬁedeﬁ%ﬁer{?ﬁf“ in(%fog @éat&%{lgr%bocﬁ?

and 2o hi gh-nol ecul ar-wei ght pol yet ene glyco xotr agent's suc

as al um nugp hy i | _and al um num phosphate gel) sol ution of polyvinyl
al cohol , poiq yv%@ﬂﬁﬁ&ygﬁm&ne, cellul osic ester such as hydroxypropyl

met hyl cel | ul ose, carboxyl nethyl ce]l uyl ose, .pectin) food-grade texturizing
agent, gelatin, dex{ljl%é)ﬁg“%? ﬁ“ﬁ@éﬁ"’r?"%ﬁ%EF(PE}“‘W@“““S“»P qherent mes raderun 9iz e
pol yacryl oni t ri | ). hydrol yzed pol Xagryl am de) polyelectrolyte such as

pol yacryl i c acle@stanipart, elpBgale bore-deyiied elpmests|is Bistprpdused followedbyanechpaicallpf
organi ¢ polyners, such as gelatin agar, pectin nethylcellul ose, and

hi gh- nol ecul ar shepingthepadsy ¢a foringhe osteggenic, ostehintpdand nTheodsteeimplatsf thisSintéion
can suspend particles; etc. Wen enployed, 5 plasticizer will typically

represent froncablase alWideovasibtyutf poSpertidsgint c]@@ﬁdr@i@ticsﬁfeﬁéﬂm@nm tRakiticod e
cont ai ni ng conposition, calculated prior to formng the shaped material .

The preferied ploaghte®oA@Uerived AbMERE &) bore'polvtta8d HeRRLRL bﬁé%ﬁle'fﬁﬁhi@ﬁ&ﬁt S

i ncl ude anti biotics, povidone, sugars, nucopol ysacchari des, or obut anol ,
e

guarternary a i > h . I i hl ori,d or gani
mercuri al s, p%ﬁ%gﬁigé@%#%%f%%g (a)?g?#ﬁ' ﬁ’?s’gf%ofﬁ‘gﬁ%é‘&%é’( 8&%?1‘3?%‘&%@8%%8)
sorbic acid, benzoig¢.acid, .dioxin DTA, .B HA, 1B .gal |l ate esters
NDGA, t ocopher ST cf?‘ ‘étﬂﬁ"éﬂ‘él"&d‘}"ﬁ‘ S&SEH ipﬁfta'B%g;ll"tctE%ﬁ?F‘iﬁwgﬁdft&’é‘ %@1‘%°Wﬂ?%x y
benzoic acid esters, rﬁpi onat es., Slljlfur di oxi de and sulfites, nitrates and
nitrites of PoMmass 6'?1{2'5 as apyrdsitions! Beapentés) obths opesimplant elhisinyentinnchefers,
di phenyl, 1 s hexanethylcne tetram ne o-phenyl phenol, and Sodi um

o- pheny| phenoxfrng,ar @ltenpropessing| osyepdiondliys eftertprasessingdiut bé forepmrurinig| |
typically represent tomabout 1 to about 25 wei ght percent of the bone
particl e c¥ht aimplagtationpol iatsoafifectctht propatties amt dharactedstico ofiibe @stebimplaapefthis
material. The preferred biostatic/biocidal agent is antibiotic drugs.

Sui tabl e surf afiReAaGdn.vSudIdNtife vAHHtAE & é%i&ie@m%t\jviﬂhﬁt}%% bEthi
cationic, 20 anionic and anphoteric surfactants and m xtures thereof. Wen

enpl oyed, surf ARRnddh by Gerlth i LdecirXMiildaexkifitanen) from about 1-to
about 20 wei ght percent of the borie particle contalning conposition,
calculated prior to form ng the shaped material, 19 31 DEC?2004 It
wi |l be understood by those skilled in the art that the foregoing |ist of
optional substances is not intended to be exhaustive and that other
materials may be adm xed with bone-derived elenments within the practice of
the present invention. Any of a variety of qqdically and/or surgically
useful optional substances can be




5 incorporated in) or associated wth, the bone-derived el enments either
before, during) or after preparation of the osteogenic osteoinplant. Thus,
e.g., one or nore of such substances can be introduced into the
bone-derived el enents, e.g., by soaking or immersing the bone-d Ehvaﬁé

el ements in a solution or dispersion of the desired substand%dsﬁ, by¥%addi ng
the substance{s) to the carrier conponent of the osteogenic 10 osteoi npl ant
or by adding the s t i / Le osteol npl apt.. .

Vedi gal |yl sur gf cal | 3 ags G inEebahink dsoli Atk ERO8M fy ReRGingE VAR s
phar macol ogi cal.l y actiye suhstances jhat act locally o systemically in the
oot The. medi sl ety REAT\RRS POk BheH B LRt BB o mABOSLb & dhes
whi ch can be readily conbined with the bone-derived elenents, fluid carrier
and/ or ost eogdf@Paveight psrcedi prpfcanbly Gemiahput 30tpaoho?P weitht petcadteindnpre

dem neral i zed bone powder as described in U S Pat. No. 5,073,373 the
contents of wiprefhrahlydrameoydf &t sduh@s weighbperceiftebased en tholeixhe of tHenobereht €
col l agen derivatives, etc., and soluble solids and/or |iquids dissolved

therein; agti \hdsh 6al6ieisted pabtb eidcRarical bibpsss eftheebhotenrgadsnst H V and
hepatitis; antimcrobials and/or antibiotics such as erythromnycin)

baci tracin, neonyciip o I C O < B ¥ﬁy J L i in,
chl oronycetin, and s?P%g‘%}gér?yég}Hr?g?m%g’ftgéz)% I n&hgﬂrfagf gérﬁﬁrﬁwgzagﬁ?@%ﬁrﬁmf

t obramycin, cl i nda L _and.gent anycin tc... biaocidal/pipstatic )
sugars. such ad eﬁg&eﬁ%ﬁé]cﬁqtﬁnéggémg% .bf’h%%rﬁ‘bddae??'ag?ts ngé)’f B%%‘? PRW e il this
inorganic elenents, co-factors for, protein synthesis; hormnes; endocrine
tissue or tis §U’é’°a‘|’r§§ﬁél?ﬁ Iér,efc‘)’gﬁd fluid cprrpsr gs %e apd{ariother fnd(s) entrajnedsalong h
as al kal i ne phosphat ase, col | agenase,  peptidases, oxidases, etc.; polyner
cel | scaf f ol davithithp pyﬁpléﬁéwy\gﬁge PIOCeSsingatngi 6 gainesalizginnsofthe bped slaments prior
carriers contai ning such agents; collagen lattices; antigenic agents;

cyt oskel etial agthetfermatian tof thagetebimgdant of this inventian. chidhsfhdd ¢hrrie? is removed by
chondrocytes) bone marrow cells, nmesenchymal 5 stemcells; natural o
extracts; gen@dﬁhﬂidaﬁoreﬂgh@mwiﬂplahw t6 6F Herify pAvkAgMY 81 tHEGh bif@dudsk # NY
cells; expanded or cultured cells; delivered by plasmd, viral vectors

or ot her rrean%eoum 68 ird1) SRERIAB Sfore mﬁéﬁfﬂh%momaﬁnp&W%{azB&%ogenOUS

ti ssues such as serum soft tissu bone nmarrow, etc.:. bi'oatlhesi ves;

(0]
R e e TR
Mg G it SN S R

interlenkins, e.g., interleukin-1 (IL,-1), interleukin-2 (IL-2); human

al pha t hr dbi fuily PaREABEAPIATY SPBRINRtiPR ot B tyvedempst Blyis ephodimentiof e gr owt h
factors (1G--1, 1G--2);, platelet derived gromh factors (PDGF); fibroblast
growt h fact or dnyerten isgp@rhold@iget, if is ablerto setoin mspecififapradetarmineds axchitecture
factor (PDLGF); enanel matrix proteins; growh and differentiation factors
(GDF) ; hedgehegeatainduring dérnyation ef ths pstpeiatpddint hereirg eivent afred rehydraton andl |

pepti des derived fromgrowh factors above; bone pronoters; eytokines;

somat ot r oI n; <A H: AESBIAATN vANEH hitfBECR URRiciardlg bh@kwmaamr?ggh?mam

attachnent agents; | nmuno-suppressa per meat i on” enhancers, ., fatty
acid esters s . 20| aur eat ri.state.and stearate. nopoesters of .

ol yet iyt ene. aPeti<abeRitat oEme o ftetint i b Spi e ok eI Suatiar.
nucl ei ¢ acids. The anounts of such optionally added substances can vary

wi dely wit28 openemincsalized anbensyperfigially deminesalized bgnp-derivedelements aaads” by
routine experinentation. 21 31 DEC200d It wll be understood by those
skill ed in theoatentrhfedin thaerefion ef thergtebingilamtfwlere tlead dsite s o el by usef ul
substances is not intended to be exhaustive and that other useful

substances maymdiRtaddl B dabchting288 8stBidehicdseDimblahi ﬂo%&é%@é%ﬁ&e?ﬁliz%@e

present inventi on. 5 The total” anmount™ of such optionally a

medi cal | y/ surgj > i ERYAc)l r to
2bout 95 prePehaels ShY roshia vy S AREIo ol brbaes U DURTRORB Bl | 0
to about 40 wei ght percent based on the weight of the entire conposition
prior to conpression of the conposition, with optimal |evels being readily
determned in a specific case by routine experinentation. The preferred 10
medi cal | y/ surgi cally useful substance is bone norphogenic proteins. The
mass of bone-derived elenents of this invention can be fleshly prepared
just by mxing desired quantities of the bone-derived el enents, fluid
carrier, if any, and optional conponent(s)) if any, in any suitable
sequence of separate m xi ng operations or all at once. Thus, the
bone-derived el enents, can be m xed with the optional 15 conponents) and

Y I 1 ' o o



31 DEC 2004 elenments, of which at |east about 25 wei ght percent
preferably constitute fullydem neralized el ongate bone particles as

descri bed above, with a sufficient anobunt of a suitable bioconpatible fluid
carrier, e.g., water, organic protic solvent, aqueous solution such as
physi ol ogi cal saline) Iiquid pol yhydroxy conpounds, etc. (tie1cBECi2004can 5
optionally contain one or nore substances such as described above) to form
a dough-like conposition. .The carrier may already be present after the
denmi neral i zat i onmeteling and ineecporationasith thabogi dane, ivdld the ardhiteetuprisaniataimried.
Sui t abl e bi oconpatible fluid carriers are known in the art and arc

descri bed in U.tBroughom.theNpqaling poces€OTSPariiallly ddnhimdralle¢dbene-d&)vellddmentye
contents of which are incorporated herein. to In a preferred enbodi nent of
the invention heysedsdbstbdiBdictitsp@peries drdraré aap_abielawadimtyigadraaucwmqug@w
| i quid pol yhydroxy conpound derivative, liquid solution of solid

for ) vati Séyo‘r;"%%l*?}@" ?ki%%*g"?fdi?‘?iaﬁgé@i“§§f§*g‘rsaﬁﬁiﬁ??égtc?éff‘ﬁ%@ﬁ*‘éﬂﬁiﬁ‘i;‘
ahen conbi ndd. iAer ke cpbAumyf 2R 4 B APRERHRRE of ki, A ielPind

el enent - cont ai ni ng conposi tion, capabl e of being shaped is provided. Thus)

t he poIyhydroxf°@gﬁﬂ@§ﬁétﬁﬁfﬁﬁﬂfﬁﬁdroxy derivatives can be a liquid in the
pure or highly concentrated state at anbient tenperature, e.g., 0.5 to
50C., or it can be alnyst# farther erabrdiment ofithds invention, Eipaboxe @steoimplant ean kease
it becones necessary to dissolve the material in a solvent such as water
physi ol ogi cal smbirdd i Farousavays withofles sinhi)ar gbtecimepantp oo pthHee materiale td form an
pol yet hyl ene gl ycol of from 200-1000 nol ecul ar wei ght, pol yvinyl al cohol,

etc. O course,gstddfmplafitfdamiiateitphc GABnREcHBHEr éxantile, Afigero bf Helditdoimpiatt of
pol yhydr oxy conpounds or derivatives in solution with one or nore solid

pol yhdroxy g TRgY gq,én@a;,&;gegéﬂn\gga gy, gng)%ériﬁgfri]c}for ﬁﬁ@l?zlniiélﬂ' ntbah& cdalifdd ©AUhBR: to

made up 23 or polymeric mxture of any of

t he suitabl e conppunds mentioned herein. S referred. i s-.a 50% (v/Vv
agqueous sol ut i o??cgpgﬁf*fée‘?%o.’@&hg’?@,ﬁieﬁ"?W%&ist $.§U|rgxpfo£)8§§}bﬁésn ?@rs%en?eshes,
particles exhibit a tendency tg quickly, or prematugely separate from.he
carrier conpone$. Betwegn ?ﬂ%‘i”vﬁ“é’&ﬂ%“e‘fsf@é“ﬂé‘ﬁt 1pyeEen gy %%‘?Wﬂﬁ“@ﬁgﬁfcr
that preparation of a fairly honbgeneous coherent nass s rendered .
difficult or infrominearesteoimplendtampipatetisnehea those disclosedin Ude Pat- t¥R-15,8%8e939 in
conposition which forns the osteagenic osteoi nplant an optional substance
whose t hi xot r opihat thedinakdize andtarchitegtnrewdl tbe deterrethed dyithe totaleamieunt pf sthnting
e.g.) where the carrier conponent is glycerol or a solution of glycerol in
a sol vent, sychigsorafat@ilepiibbRrathéraritthe speifiokizosr shapebf Bleysableldonanthaterial
separation of bone-derived el enents occurs to an excessive extent where a
particul ar applgﬁﬁﬁggn is concerned, a thixotropic agent such as descri bed
above can be conmbined with the carrier in an anount sufficient to

bove can be c ] rrier in Suffi |
omposi £ on.  The. ano G SmeLs BT Gae  REoubrIepEdt BFaanfeh fhrdy hefsisgimplan

incorporated into the 15 osteogeni ¢ ,0sfeoi nplant of. the inyention can ry
W el it b anoliPEngl o FBRES -ro SeBEG SR B TR Bang Pgraet: LBF
from about 20 to about 70 weight percent, being entirely suitable in st
cases. Likew seratioref elangatistbope-derined slsmenisdagenc npwess ig ?F“f?é“iaﬁ@btrbgr‘%ggﬂ“
into the osteogenic osteoinplant can very widely with anmounts from about 90
to about O wei ght4. gBredent eleamwdts pf tizeratiidmentofthhioyentzm wil bpprocesed wuchythat
percent, 20 being entirely suitable in nost cases. The ratio of elongate
bone-derived el gi@minkrd oot f HRWIAE clements il bbbewearn abbaLd add Sbdwd 18084 based
1: 9. The bal ance of the osteoinplant being made up of fluid carrier and
optional i ngr edbeRhd 51 indi mifls cohfbns offndboAFEIGmRR4 11 one enbodiment of
the invention, the osteoinplant is forned fromfully dem neralized
bone-derived el enents in conbination with a suitable bio-conpatible fluid
carrier. A preferred bio-conpatible fluid carrier is an aqueous sol ution of
gl ycerol, e.g., SO%nglycerol (v/v). This enbodi nent of the invention
results in an osteoinplant that is 5 conformable and can be further
subjected to surface treatnent, e.g., occluding a surface) to forman

ost eoi npi ant especially suitable to barrier nenbrane applications. In

anot her enbodi nent of the invention , the osteogenic osteoinplant is forned
&m at least in part, elongate bone-derived elenents in conbination with
wat er and/ or physiologic saline as the fluid carrier and/or binder. This
results in an enbodi ment of the invention that is to capable of being
configured to a specific three-dinensional architecture, the architecture

. Y T . I Y



derived el ements prepared as descri bed above is subjected to nechani cal
shapi ng. Such shaping is acconplished through the application of
conpressive and) optionally, simultaneous |ateral force(s). Because the
coherent mass can di splay viscoelastic properties, the force required to
deformthe mass is sensitive to the rate of application an@ImﬂEg 2084di 1 y
determ ned by routine experinentation. The application of this forces) can
be acconplished by a variety of nmethods) e.g., pressing, extruding,

rolling) etc. Wen Ingeesddfeyent empsdinent ofttheinvestsor, OB oHeictdficnt tha ch&Eri!Pr K
surface and/or roller(s), the 25 3 1 DE C 200 coherent nmass may

pl aced betweennt ¥ehekdri@tiddd, BredbhtGh teSaind seagug%gbgla abye will Hygﬁgm sheet s)

or a Teflon?"' coated surface. In a preferr 'the ¢C rent mass

[ I d [ | ' h I K .surf

and”then comprorurvare ReRt o SRR {EAI Ealy HapP Hedielodec MR Bans s A mierca
|1 ith hf bei iL.ed | f )

ot cof mpl ant ottt RECHBwR AER ke R PR i RUERREP oNani proria reurescion:

mass can be subj,ected.to,.a series of.successive, contacts with two or,

mul tiples of t3RB’ é?r“&ﬂqum% 851‘%3? tading jorgtun inite priginplehppestier deformation.
respect to each other and such a distance apart fromeach other that an
ost eoi npl ant of desfmseferred variation of thefabpygembalimient rohtiegsshe additich dfibetwata
rollers) nodified to provide for the surface treatnent of one or both
surfaces of t rbouskOeoiahpitditperasntby weight efithe tesalicoberantrasdserioet teittgf ace;
rollers that are barrel-shaped to provide curvature to the shaped nmaterial;
rol lers that nRechembslBsshapetist atiio-ebmpatiyle flgid caridtehastneind R @6 bstesiRlpli S
that may inprint a series of perforations or. penetrating holes for Sizing

of the sheet s)eyin 8ftdr dRhfdthfidr) dn Mk eRbOdirdeRt H1TRE m/»_%némlt&as&éahm{naﬂﬁeﬂm and
rollers that are 15 heated; rollers containing raised cutters to section

pi eces; etg. r ifi . GI te to.large
pores thr olgjgh-c{;iﬁ‘eoru ?%Jtr@rx;ﬁ% gr&hgihgﬁf;&g}ﬂe%gﬂln{ﬁgag’ehglg%oﬁ@%a% eJr ga Pe"é“‘&‘x h a
mesh-1ike inplant,can also be provide utili.zing any.stapdard technigue,

e 9. weaving. ‘BRUAFCAPRICARRE Feabirmedostsgp Ent R ARPlEA Bt 1 do¢s e
i medi ately, subjected to gptional, 20 treatnment(s)) e.g., tissue

engi neering neEhEHR qyerlging soff digsue shal podlosed\avighitc Oficqusap. episthe pase fenall x
of the invention prior to surgical inplantation, if any, or preferably
dehydr at ed, e.egbodimpenyhef thisguyentinul,/this partisntan embpdimend cpackeivg fugthéor use.
The osteoi npl ant 26 31 DEC 200 can optionally be dried using any

met hods) that tpratmend@} ezg. ftomersleeit imptreeablsltasdft tissue dmgroweiyessulting n thaer i can
Associ ation of Tissue Banks requirenents. Optionllly Oecludina 1 Portion of
the Surfacg Arifigtaide anfveteblid o et ¢eddily aots AP h dafric@mbrive, oSt eogeni ¢

osteoi npl ant of the invention is intended to be used in
As stated above, all such combinations and permutations of the bone elements
and/or fluid carrier and/or optional materials and/or optional treatments, as well as any
suitable method of drying the mechanically shaped osteoimplant, are envisioned as being
within the scope of this invention.
20 After mechanically shaping the osteoimplant of the invention as described above,
a region of the osteoimplant may be optionally occluded to reduce the porosity of that

region so as to render that region impermeable to the ingrowth of soft tissue. The

osteoimplant can also be optionally pre-shaped to a specific form e.g., sheet, plate, dish,
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5 barrier nmenbrane applications, the resulting osteoinplant is optionally
subj ected to an operation or process which occludes a sel ected surface area
of the osteoinplant to provide a skin or barrier which is inperneable to
soft tissue ingrowmh. This operation can be perforned by heating a portion
of the surface area of the osteoi nplant, by crosslinking a:ﬂgrbtgn ﬁm‘ t he
surface area of the osteoinplant and/or by applying one or re %

bi oconpati bl e substances to a portion of the surface area of the

ost eoi npl ant t dupred\woste, t@belietd. ARA/OP Usreb-AWBEnsIoNET £6Mitectulre Y JaBe st ood
by those skilled in the art that conbinations of onécoreﬁ%éljéoggcgégg&or

f oregoi ng oper gLinias, e ating, follawed. by, .
cross-1inking, q](;:dr oss-tfl?%éaﬁé&%lﬁ%@ggn'byg%@gp %“&Pf‘g%%?ﬁ%mbﬁémw PoRERds]
application of hi npat i bl e substance, etc. Jt will also be understood by
t hose skilled iulr%é ?gﬁ‘ﬁ‘i’é "8}‘?&?%‘? @N“tﬁ?ﬂtpﬂe%maﬂéreéﬁvw% egarprofein medifioativay
on the osteoi rrpld nt bﬂ)ore or .after ,the optional drying and/or |yophilizing
steps descri bed®380&! binzaaipatible or bigpstiye subsiansnsastc- B beeravidsidaithexbdfaret he
heating operation to occlude a _portion of the surface area of the

ost eoi npl anf f GPTBG afigr Pxpdpetian efthe osteoimpland. Sudh epfiedaltsdammémpire thvisoned
barrier form ng operations are known and di sclosed in commonly assigned
U.S. Patent 20apbeing withen thelscope oDBidihderdian. O fi |l ed Decenber 14, 1998 the
contents of which are incorporated herein by reference. 27 3 1DEC?200

Optional |y ShaprstuctieofheeRiRring Nk 8P BORL-8BivelifemeRy! t | Ng OSt eogeni c
ost eoi npl ant can assune a determned or regular tormor configuration such

as a sheet, plate, ghgbnt Gl in tﬁ@ﬂﬁmgﬁéﬁjﬁemiﬁ?s S'lﬁlgﬁe?g{iilif%éj %\évmgp%grgg kpown

Prefabricated geonmetry woul d 1 nclude, but not be

apron for sin i ‘ - e aced he n teeth for

ilr[:f ra bony Ide? Eargtthg,aﬁ:’a&'gég? nlé:?l[%#r%inEegfaélﬁo%ﬁ@?ggé%%loﬁ%Qﬁai/]\g\% g% fifanedtnduccal
and | i nguak, al i t i i | at e lfeconstnctive pl ates,
ot 1 ag o1 o dRHEed. BORSdcad ABNLAR EAPR; AR Supty 8 RORTo L ponethy ny one
condyl ar pl ate ression plates, bridge pl ates, .wa | ates, etc.

Par t iyal t 5bu| argf%eg’%%me%?iolsﬁf ?'gt’ aﬁﬁﬁﬁcé‘geégﬂ%?’gﬁﬁf%&e\églgr%% Hppln. Serial

osteoinplant of this.i ntion. Such plates to may include such

conf or mat i ons &'é’; B@iéi»,QY@«)‘%J&%@&@R%&»éa?&bmrp@n@géar,eud@r@&rcmaped, etc.
O course) the osteoi ngl ant can be _machined or shaped by any suitable
mechani cal shapi ng Feabene maxbhetcoriicadraneriions, g corieo-chngelloxsofisnmgeheus,

enpl oyed to provide for the intricately-shaped three-di nensional

archi t ect ur e ofllegenys xemdgeplcanrttranisgaric odginust onfitted to the bone repair
site wwth great precision. 15 Optionally) the partially dem neralized

ost eoi npl an§ can beMiaturedof sHiemrand@itipeatof deftheadliza@BoneOderived éf&rféﬂiﬁecaﬁfbet he

partially dem neralized osteoinplant would include: a.) allow ng the

| ami nate to beespriged. MbrédVedCorfd M&e%%yp%%ﬂd@gﬁﬁ@allﬁ&%ggg&ﬁvgg egefrne%ts can
concave surface shape, ete.; b.) each layér of the Iamnate woul e

conti nuous, W il kL ng: hi-ndi | Of: tnee he pieces. A

| ani nate pr epapggﬁ&%{yggcﬁ)?éﬁﬁlagt@gtwhg‘ @%ﬁ%ﬁ?%&l%tgﬁ)gﬁﬁdﬁmgfﬁw%&'6‘8"go%r e
uni form and st poRnger i.nat e, osteqi.npl ant. than those that. are avail abl e
utilizing pri o?grgk%t% er‘l%ﬁ%ﬁ@’.a?hg%eeﬁlq%ﬁﬁsrhﬂ\%‘:t%q‘jlﬁé’r‘r%@% atigy progessnlhug, e.8.,

strong unitary structure can be acconplished by a variety of
means/ pr ocedur 8% Weighf ratig ghpon-deminerglized to demingeplized borg %GIUHB a@ngoadly range
conventional biologically conpatible adhesives such as the cyanoacryl ates;
epoxy- base@0 coffp yt Oddntabputr @i Suitable amosnts dembateadibsdeteratineitsthogd ddHed
i ononer cenents, polynethyl nethacrylate) gelatin-resorcinol-fornal dehyde
gl ues, col | ageinthaagdngl ¢xs-byioast badis by bautide Bgpeardedttionuch as zinc
phosphat e, magnesi um phosphate or other 5 phosphate-based cenents, zinc

carboxyl ate, etc., pUbsREDRS BoAdaivdl IR Ss éaﬂxo{]é Iﬂédlﬁf(pi#ll Jhe Ok Hite ngﬁ €Bo

nmussel -deri ved adhesive proteins; the use of nechanica asteners su

pi ns, screws) ; ' E f%ﬁ' %' Rg q+ or

Cynt het i ¢ mad o CPAtehESra 88 BB af e bPRplR B0 oos- AR S By s
materials; |aser tissue welding; and, ultrasonic bonding. If desired, the
| ayers of the osteogenic osteoi nplant can be provided with to nechanically
i nt erengagi ng features, e.g., tongue-and-gropyve, nortise-and-tenon, or
dove-tail elenents) to facilitate their assenbly into the final product
and/or to fix the layers to each other in a mare secure fashion. The

opti mal nethod of assenbly would be determ ned on a case-by-case basis

t hrough routine experinmentation. In addition to its bone nenbrane | ayers,
t he osteoi nplant of this enbodi nent of-the invention can ~ 5 optionally
possess one or nore |ayers formed fromone or nore other materials or

g o " S - Y 1 ~ i



29 31 DE C 2004 arthroplasty; cup arthroplasty of the hip; fenoral and
humer al head repl acenent; fenoral head surface replacenent and total joint
repl acenent; repairs of the vertebral colum including spinal fusion and
internal fixation; tunor surgery, e.g., deficit filling; disccctony;

| am ncctony; excision of spinal cord tunors; anterior cervical oracic
S operations; repairs of spinal injuries; scoliosis, Iordoéiz.%ﬁgqﬂwghosis

treatments; inter ihla i ion of fragtures; nentoplasty;

t enrpor omandi bul g’rﬂ?éiséﬁm‘{ éa{)}aég‘%‘réﬁ? ?O%TW%Bf‘é{P‘CP REfjacemertadtbytrieferenan terein.
reconstruction; ] ngay steoqi hpl ants; inplant placenent and revision; sinus
lifts; cosnmeti ch'F @ @&d clsmentsgygn bepimixsdrveth o armaraoptiendl eetianees dh as
replaced with the osteoi nplant herein include the ethnoid, frontal, nasal,
occi pital, to phindesafllers,divprsy mieshespanbistahees previdink fadigp@RYBIARici-cR Vi cal
vertebra, thoracic vertebra, |unbar vertebra, sacgun)%@b,’ ste‘?ﬁgg

lavicl e, : st i t | bopes,
Yt TP e G 00 o UL T,
arsal an . . Sl . cl 1 nl Ggal call,ons_wou I NCl ude,

e.g.) the t;%aféﬁ'g‘{rﬁ‘@c%‘ﬁ&]%‘é%ﬁi efiqa‘{"%F%E’E%i‘ égs,*reﬁ%?nﬁwgw- fOngcqruners pf sughes s

fractures, congential defects ar fractures, or, operative defects in any
bone of the bo%&‘ﬂf‘ﬁaﬁwm HeqsRbiped Wi ahWQW-%naegeltematSibmspalﬁnmt imreersing the
categories treated with the osteoinplant can include but not be limted to
intraarticul ar Ranersiervad elpmentain 8 sejution exdispeesiemof/the dbsifedaabutares; by physically
transverse, oblidue, comm nuted, and fragnmented fractures; repair to
non-fract ur ed SAdmaxingdhefbonegerved elomzotspad thedissired subistaees andthedikeger y; and
ot her bone defects. At the bone repair site, the osteogenic osteoi npl ant
can be enployed in tSuitablleyimtersindiude biblsgicd] adhekives sich RfibMnY, ¥rinogen,

ost eoi npl ant can be cut or sized if need be to conformto the site being
repai red. Tiee dbtondbimphussel adhesiveepropeit, ailkcelighosdla &Hrch%%élaﬁg, albuinih, D E C
200 after inplantation with a suitabl e bi ocorrpatibFe liquid, e.g., water,

sal i ne sol ut i OkerAirG chitif Of c}ﬂtolaﬁr{;i&gn&fcrﬁ&t?steg@{wi)&gdEE:BP%%{AQ;U%P}% %C%Bngﬁ%% bis:

120 m nutes, depending on the thiCkness o e “ost eol np

hydrat ed, a praf; W St.eqi -ant ones_ flexible yet
retains its shgﬁgcgﬁggﬁug%ﬁq%%? Q{Igﬁ%tfgégvt%%%%bﬁe& dlcﬁgﬁgesg%‘fegbqnfﬁps can
be packaged in .gj dried or t, state and stored for subsequent
application. | r%ggé)rﬁ%rcg%u?gtﬁhé ngﬁ%agg?%ﬁle pgﬁya}eéfs IPQE%W;%E’IP& gthy

ost eoi npl ant i st.a othat it iis ready for i di ate use at the
surgical site. %F?%%VE{C’ Pr%l?{gﬁf‘é e@‘é(i?“ﬁ’l M&tﬁ%%aaﬁmm@at%@nw% .
Preferably the osteqi.mplant is_|yophilized or ot herw se dehydrated and/ or
frozen priobP t °§P§ﬁ%{§:§?g“(93;&911?%@“?45%g]“&'éitacﬁ‘ihicé’FSl{‘%bmbePf e polymeissptinas
of the invention is to be placed in a defect site, optional materials,
e.g., autogr af tstasehes, pedyglyeolidsmalylaetidea glyoefider lactidenepolymens; palycaprslactone,
sel ected autograft cells) autograft cells containing genes encodi ng bone
pronoting act i golycttoxylicasidsmdetheibtopdymers/pdlyariniaee] palyatioestérs! filpamino

i nvention. The osteoi nplant can be inplanted at the bone repair site) if
desired, using agilg, palydyandbrylstes Polyhdidioxybityens po&h?dvox?%ﬁ%ﬁf) st apl es,

bi oadhesi ves, screws, pins, rivets, other fasteners and the like or it may
be retained inpgg ??Mz | 9!’1?5' Lo hd I i ng
now to the fi gl?rQ e)s%.hgsi guérnlggf% il)gﬁ%ﬁcr oshsé-ogg’cﬁ]gh)erl{’ﬁ}a/i&eé\?\l/ﬁ g@fagagﬁypérgp %ié{;é;ri al
prepared acgor ¢4 ) 4 207,813 The section is stained to
show t he p?%s egk@gga?é)%lg% m;%%%%é@%eﬁ‘g g@%ﬁh&?}%@%ﬁ’ Y %?%E%SB ce. The
dark areas of th@fﬁ%&figur are stained bone material) thg white area is
the void spaceP® ORUES, RhaTaseptical table bindpssi(suchas Euptragitr dimlefssavailable from
cross-sectional view of an osteogenic osteoi nplant prepared as described in
exanpl e 2 her eilulbrimenical Ined, polyvinglpyaotidorneetiulase, éthgweBulbse, MiS@raRRdtAIEAS
of figure 2 with figure 1 reveals that the osteoi nplant of the invention
herein 31 3 EelulbseGndMerds shededfy h&riioateditlalsie peBmichdduch REpIME&GY 1l Of
figure 1. The | esser void space proceeds partially fromthe greater packing
ei ~ci ency achi eved through the use of small bone particles to fill the
spaces |l eft between the larger elongate particles as well as the forces)
applied in the forming of the osteogenic ostléoinpl ant.



Figure 3 is an enl arged perspective view denonstrating one nethod of
assenbling |layers of the partially dem neralized enbodi nent of the

osteoi npl ant of the invention to yield the finished |am nate depicted iri
Figure 4. As shown in the figures, the | am nate can be conposed of

al ternatinglayers having the sane or different properties 3r1mrz'og‘ ng the
sane or different materials. 1o The invention will be nore¥fully understood
by way of the foll ow ng exanples which are intended to illustrate but not

linit methods ofolpmenglméthanylak, folReRFeQHR g, ﬁbﬂ&&eﬁﬁﬂ{: ag% %&x%agl?&c%&ance

with the present Invention. Exanpl'e 1 Allogenic cortica e“was processed
in the bone mljd : | j . Pat.ent No, S, @7,2C0,. 10
yield a nass of(i r&%g-@%ga?@ @gééﬁaseﬁgtﬁngﬁ{rgfo%ﬁé}e %@%g}l@g}q v e’éle@ﬁm'cﬁé‘ﬂ%r "E’Ht'n

placed in a regctor,, A 0.6 N solution of HA at 15 m per gram of
bone- deri ved eﬁgﬁ’é’ﬁp%r%%ie?t%%&%‘&ﬁtq %‘L"Bt‘l(an‘@elg}é%‘&“,t"fﬂ@ a8 pertishe
proceeding for 1 tg .2 hours, Follow ng drainage of the HCl, the -
bone- deri ved elSOREHRIES ﬁ%‘F‘B“é:‘EﬁPeP‘éH’lW‘?PPQI.t@anH!E the sippegmatodd. Fhe preferredi c
surfactant solution for 24 to 48 hours. Follow ng 20 drainage of the HO /
surfactant $ol dindss is glyeolidethmitidacopodymsr. per gram of total bone was
introduced into the reactor, the reaction proceeding for 40 to 50 m nutes.
Fol I owi ng drai nage t3uitablgifillerssineludz grafidtelon perolyais caibdacbiockratfics; bORS powasY;
water for injection at 15 nml per gram bone weight with the water for .
i njection bei ngulgmMiRézedand parfhIHérFul ?demiﬁerlli&dlﬂzcogic%(i’gnﬂ RArfeNBlShone in any
Fol | ow ng drainage of the water for injection, the bone was coveretc)iovm Pin
al cohol and all . f | ,nut The al,cohol wag,then
drai ned and thefg %ﬁ’ﬁg&%@giﬁg% S%E‘taﬁ(a\j\&/zl{ngfbﬂf é(yr%lnﬁj%&'flf’roﬁqr ﬁgg’rncﬂ?léﬁeaibﬂﬂ?.
the bone elenments .were transferre o.a lyophilization tray and frozen at
70C Tor a1 EAREIXCATIo T a1501e cHlcdi b AAENEDSHDINE RBRC: Pupaints orsthr
foll owi ng standard procedures for 24 to 48 hours. Exanple 2 A mass of
processed d8ni BEPramie@r Bafuraher syothetippelymars: ¢.8.cbioahsorhabispelymess acthas
described in Exanple 1 was conbined with a sufficient quantity of
bi 0- conpat i bl e pedyglywlid¢,50Iplaosideglypolidlagtide copbolhtegrandithe ke mbnbicabbsrbawit
mass havi ng a dough-1li ke 10 consi stency. The coherent mass was placed on a
TyvekT"" sheet rhitatiale snohrasdtasches, pplyhivdnbinethatiolate olytdtiafluptceiiaflend K
surface. After placing a second sheet of TyvekTM on top of the coherent
mass) the mass poturethany, polyethpleite Gyl @ibrEnidBute (1é.! Bore hfepi1\dnly] v2BPfhe
gram 6.13 cm dianmeter, 25.5 cm |ong inperneable cy1 i nder with sufficient
applied force toegai€tshsities &R ,ﬂ@ﬁtirh@é/th@Haxﬂélné:@nifebbﬁgi%gﬁcrel%orphous
Conpar ative Exanple 1 A shaped inplant prepared from processeé ’ '
dem neral i zed L | s o1 and an
48d heyiing thaagﬁ}af]& fg%rg%{lgatgtg,a’]glcaémrf ?lg&gfzaté\lgnd gmﬁg &P‘ﬁcé'?m PhGsptAte

ost eoi npl ant prepare ove we repare
| aboratory. Ap i TRt t] [ L, eces were t fromeach
and prepar ed fg{l ﬁ%%&é&%ﬁgﬁ%@ﬁ%g{%b%x%@gqrgsgoﬁ@g? { © 19HECTEs s"ﬁﬁe%’?pglyﬁg'd in
10% 20 neutr al ffered.Formalin ehydrated in aded al cohol s_and i
enmbedded in t héﬂ&’ir‘?ﬂ@%@‘ ?IW“%%?%W E%Pégﬁﬁti’/é%ﬁb%%a’& t percent gf the pppgsparticle
Enbeddi ng Kit (Pol ysciences, B 33 . . '

containing composition, calculated prior to forming the shaped material. The preferred

fillers are ceramics, particularly hydroxyapatite and mineralized cortical bone powder.

20 Suitable fibers include carbon fibers (graphite or diamond); collagen fibers;
tendon or ligament derived fibers; keratin; catgut; silk; cellulose; chitosan; suture

materials, ¢.g., PLA/PGA and other copolymers; polyethylene; Teflon®; polyurethanes;

Bioglass®; hydroxyapatite and other Calcium phosphate materials in whisker or fiber
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31 Df C200 Inc.), according to the manufacturer's protocol. Bl ocks were
first trimred to full face with a Buehler |sonet 2000 equi pped with a

di anond-waf ering bl ade. Five um sections were then cut on a Reiehert Jung
Aut ocut 2U40 m crotone equi pped with a 1G cn) Dprofile tungsten carbide kni
to. Scetions were stained in a 1 % Tol uidine Blue, | % Sodi um 5 Eerﬁt

sol ution, dehydrated and coverslipped. The inages shown in f3 dup 1 Qﬂz S.
Patent No. 5,S07,813 ) and figure 2 (the osteoinplant prepared according to
Exanpl e 2 abovahapee Adumimmimuoxide; s, rihen dloyed [itsep bl ty36h11i 16510560 Bdm dbotel 1
obj ective and a Kodak DCS 420 Digital Camera. The dem neralized bone

mat eri al (DBM td BbRAG wdightetcentdTthe bk pertitRRofEAREY; &Q,Zfo@ i i
bright white fromthe Iigﬁkqjof t he m'cro[gcope. Si X fgl el ds ?}%&%ﬁ%ﬁé@pnor
material were : I 3 i : ! al ysis program
"mage Pro- Pl us S B s oy A IfOMEAg Bhor DEhRATRBT V3
automatically neasure the area {(in _nu r of pixels) of bright objecis b
what is essentially Wﬁe sﬁeaﬁwggb&g‘eﬂ%?ﬁmp%ﬂga%gfé’én}?‘élégtﬂ‘?cé‘?fgﬁfb@?mf% ¢
bright objects js considered equivalent to the porosity of the ~ 5 DBM
matrix. Six5fi abene idenfifiesiibers maallic mpshes. e el iapiim, andialloys.t Fantalymnsteinlesa
student's t-test was used to test for a significant difference between the
enpty area neasteelsn€nbalt ciromkallows GoldalilvesRiatisog eth. (Whemerapl8yedah eshtwilNo.
5,507,813 (Fig. 1) and those of the material nade according to Exanple 2
above (Fig. 2) typibelynepresértfronBsboat to sboidt Dwleight pétoertof tirdne Péﬁicﬂ@@ontaﬁning
percentage of enpty space divided by the total area analyzed for the sum of
the six fields caﬁgﬁmsﬂ,caﬁ&uat@@mr@é f&rhﬁlg%ﬁbséha RhateAAlS ThEeefbRsdesh & €
given in Table 1 below. TABLE 1 Space % DBM U.S. Patent No. 5,507,813 37.2
62. 8 Ost eoi npl Qih%-‘%;m%gﬂrrpl e 2 26.074.035 3 1DEC?200 Conparative
Exanple 2 The t ness and density of a 2cm x 4cm sheet of a shaped
materi al prepared aggording to U. S., Patent No. 5,6 507,81.3 and le 2
Above nas’ fbaour ed . AP sHAsEmPABRE o o B RSIE S atelp, Tl
results are contained in Table 2 below. 5 TABLE 2 U. S. Patent 5.507 _,
813Thi ckness ( maipewlized bone particles, Barium and Jodine containing compounds or compositions,

ht Density~, g/ cnB) 12. 211. 370. 77522. 541. 460. 71932: 541. 380. 679Aver age2. 43I . 400
. 7240st eoi npl artg.oBariixa Splfete28d BativmifulfatedersSuspensionelophndde Asid, and the like.

n8) 11. 451. 140. 98321. 200. 890. 92731. 311. 13l . 078Aver agel. 321. 050. 996

Conpar at i ve ExaNhéreerdplbyed anbstarces impastingfradibmacity syl tiypicellg reprksent fronfabokaal .
No. 5,507,813 and the nmaterial of Exanple 2 above were prepared.

Rect angul ar st rtb @bowtf2 5t ieighBiepdentdf thé bdnepaRick: cdntfifipeimpdsition, eficulatedipiidr
and GO mm | ong were press-cut froma |arge sheet

15  to forming the shaped material. The preferred substance imparting radioapacity is barium

sulfate. |
Suitable plasticizers include liquid polyhydroxy compounds such as glycerol,

monoacetin, diacetin, pluronics, polyoxymers, block copolymers, oils, geis of colloidal
clays, aqueous gels of organic polymers such as gelatin, pectin, methyl cellulose and

20  high-molecular-weight polyethylene glycol; thixotropic agents such as aluminum
hydroxide gel and aluminum phosphate gel, solution of polyvinyl alcohol,
polyvinylpyrrolidone, cellulosic ester such as hydroxypropyl methylcellulose, carboxyl

methylcellulose, pectin, food-grade texturizing agent, gelatin, dextran, collagen, starch,
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36 31 DEC200 of material. The shaped material of U'S, Pat. No. 5,507;
8l 3 was al ready manufactured to these approxi mate di nensions before
testing. The shaped material of U S. Pat. No. 5,S07,813, the material of
Exanpl e 2, and stacked sheets (3 to 5) of the nmaterial of Exanple 2
(approxi mating the thickness of the shaped material of U Sg PapfCNO04
5,507,813) were cut to approximately 50 mmin | ength. The final pretest

M Lt oyo hodel - So0ceecR g Fa S bR AETR G, Byl Raph %' "0 ©

0. Ol mm | Omm di I re tiyely. For the stacked shaped
material of Exa 0‘? %drgl@ggfsag’r |d5?%3zs?§§1ﬁ8¥8?lﬁﬁﬂ iCHNS: auepysBelsRijorganis palxmenss
recorded and usgd, for to cal cul ati ons Tensi le tests were performed on the
test articles. ACAP §LRUR a3E PoRTHDEMY celwlose apd highrmalsculprweightipalyatbglene

Bi oni x) was used under. di splacenent control to apply a constant tensile

di spl acenent t o8¥¢fd, ghitasangptheramatarials that eastsaspenddartinles; etc. IWhead émplages,
failure (a peak in load, followed by a sharp drop in |oad) was observed
before 6 nmSof nlestisizeewil typicaltyerepresentdion s @0 Yo vt 9ageidhe parchntOfthd Bips e
15 tests, the initial distance between the grips) was set to be 31.34 mm
The test arti clparthaé dortainihg séripesiticry balesthed poior to@nvirkemb k%e@h{a%ﬁ My Lh
were hand-tightened to attach each test specinen to the |oad ce (‘}ower

grip) and to tt}ﬂe@ﬁ@yggg{cigemggrycgroi_p). A 200 I bf, load cell, operating in
the 20 I bf. | oad range was used'to record load levels for all tests. For

some of the single sqiggb D810 Balh d : 6.2 and,stacked sheets
of 20 the material of EQSR%F%‘EIQB% estgééeglségélﬁgé%lg%éspﬂmn&S%ﬁ’?’enabl ed
to reduce high fr NCY, .C opent, noi se in the |oad signal. Lpad and

di spl acenent data %éf}’éa%lbqrﬁgctcpﬁgro;}utao{loggH.Bqt?x%ryragpgow%nmup suchas
duration of eagh test. Form.,s as packaged. Al Tests were perforned on the
material Wi 11°ho§¥"“§"§§%‘é‘ﬁ& ghipride ygani mergunals, pagahydroXy henzetesSponiatie alcohols,

di mensi onal data was used to cal culate each test article's initial crass
sectional ar ea,haligeostedpienolisorhis edds ieneaik avidatioxing BDT A, BHD BHA! TBHG! r €SS
val ues from gat hered data. This information, along with actuator

di spl acement dafailateadsteRYNDGAE MdopRer8RIEIR @11hTA6), 184ifHES Hoik aBidNci Lo be
cal cul ated for each test arti-cl»e.b El as%ling%rmdg’l us was al s?o bgﬁgﬁeg‘tﬁé’d or

extracted frompyifoslibizalt deit estBtsY Fidpldlatte Mifiu? dl&hdna Woltlths, Ritrates and nitrites

of Potassium and Sodium, diethy] pyrocarbonate, Sodium diacetate, diphenyl,

15 hexamethylene tetramine o-phenyl phenol, and Sodium o-phenylphenoxide, etc,. When
employed, biostatic/biocidal agent will typically represent from about 1 to about 25
weight percent of the bone particle containing composition, calculated prior to forming
the shaped material. The preferred biostatic/biocidal agent is antibiotic drugs.

Suitable surface active agents include the biocompatible nonionic, cationic,

20  anionic and amphoteric surfactants and mixtures thereof. When employed, surface active

agent will typically represent from about 1 to about 20 weight percent of the bone particle

containing composition, calculated prior to forming the shaped material,
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Utimate StrengthA (nmean SD) 1.21 0.70 NB (nmean SD) 2.48 0.61 NC (nean
+ SD) 46.17 5.29 NMbdulus of 0.54 .015 Moa0.29 + 0.08 MPa3.34 0.97

MPaEl asticityUtimate3.23 + 0,5~ nrn3.97 1.26 mB. 34 0.97 nunDi spl acenent
Key A: Single Layer of the Material of Exanple 2 10 B: Miulti Layer of the
Material of Exanple 2 C. The Shaped Material of U S. Pat. l\#:q gg@omﬁm 38
310 EC 200 Conparative Exanple 4 50 grans of dry, mnerdlized bone
fibers were prepayed as the osteoi npl ant of Exanple 2 wherein the

bi oconpati bl e fl ﬁtd‘“@gﬁ pndsrstaed by trsgskilleyl inthecst tiat thaferepoing tisthfioptibmat e
portions, each containing 50 granms of dry, mineralized bone fibers fromthe
sanme sour ce substangss e srdandeddobdierbaustive hed that biher afatedas- mBHe adMixed with
5,507,813. A neasurenent of the area of the finished osteoinplant as well

as its wei ghionaideived slembnth wWimliotheastsktide Dkl sr688% snvehtid )T €e pl aces was
made. The results are contained in Table 4 below. 1o TABLE 4 Sanpl eStarting

WI. (g)Area (cm)Ah KNGS LI : I S .3 . _
() A505670. 60. 45%%8@50 108';? %’gg‘?’g%.p%@ﬁ%‘é@%@%@@ﬁ%i%&%ﬁ?#ﬂ%g
Key: A -%a I .0 anpl abqve. .C. 3 -The shaped material of
U.S. Pat.§ m}.“%é,&é'g%aé’%'g‘?s@ﬁ%?egxd”’rf{&‘F%&Pﬁegg?i‘%ﬁ%ﬂ?ﬂ”&b%‘ Pﬁfgfepﬂ%%lﬂre. 15
Conparative anple 5 10 cm | ong speci nens of the shaped material of

Exanpl e 2 ( eég'gpi’fﬂ@%%fﬁ'éa“ﬁ%fé\l? astegymplant, Thys, e.gypnedr sore 8RchC) wer e
fixed in a grjpping device at different heights (1-8cm. The portion of the
mat eri al extBPHANGS candia inteduced intodhebeneaderived elenterits, €.22, by 4bekihg over to 90
degrees, and the spring back was neasured (relative to the original, unbent
posi tion) usingrsingthotboactenvedidlements in & solatien opdispérsied of the Brbike S

bel ow. TABLE 5The shaped material of U S. Pat. No. 5,507,813

pr epar edf ol lsobstarge), dyAdasigRis ﬂiﬂsf&cé{%ﬁﬁﬁlﬂﬂ cerriak B&Bp@r@nf‘éf@@%t@@%/eﬁﬁ:nde’one
Ret unB cnbOBack to 30 degrees7 cnbOBack to 25 degrees6 cnmbOMenory to 25

degreesjpcC Kesh 0) nory to
20 degrggsg% %%mﬁb?gddfgggo deé%%%%%l&ﬁoﬂ%yoﬁgﬁgggege ?%%sSarrpl e

CrB0N. Mo SRR AR P S B S RO RIS Pl sctiogrand

(1 er) 1 DML bstaleet tdt gctjlgcﬁﬁ%reseygteﬁgcally in the host.

The medically/surgically useful substances are bidactive substances which can be

readily combined with the bone-derived elements, fluid carrier and/or osteogenic

15 osteoimplant of this invention and include, e.g., demineralized bone powder as described
in U.S. Pat. No. 5,073,373 the contents of which are incorporated herein by referencé;
collagen, insoluble collagen derivatives, etc., and soluble solids and/or liquids dissolved
therein; antiviricides, particularly those effective against HIV and hepatitis;
antimicrobials and/or antibiotics such as erythromycin, bacitracin, neomycin, penicillin,

20 polymycin B, tetracyclines, biomycin, chloromycetin, and streptomycins, cefazolin,
ampicillin, azactam, tobramycin, clindamycin and gentamycin, etc.; biocidal/biostatic
sugars.such as dextran, glucose, etc.; amino acids; peptides; vitamins; inorganic elements;

co-factors for protein synthesis; hormones; endocrine tissue or tissue fragments;
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1 DEC Q04 WHAT IS CLAIMED I'S: 1. An osteogenic osteoinplant in the form
of a flexible sheet conprising a coherent mass of bone-derived particles,
the coherent mass forned at |east in part from el ongate bone-derived

el ements optionally in conbination with bone powder, the osteoi rEp ant
possessi ng an average void volunme of not greater than about33‘2‘% p 200he
osteoi nplant of Claim 1l having a thickness of between about 50 m crons and
about 2000 microns. 3. The osteoinplant of Claim1 wherein the coherent
mass has a boneSYBIhEsEes; @Bimentuchas pikalineptmsphatasepcalagensst, paptifes dRidabas ed
on the weight of the coherent mass calculated prior to conpression of the
coherent nass. QIG-;ﬂ'ﬂms¢@kﬁcnﬁqﬂﬂﬁmm®ﬁre@:@hﬁﬁlbe%%ﬁﬁb@eﬂi@ﬁg&%@]ﬁﬂ%’ﬁé%@c
particles are selected fromthe group consisting of nondem nerali'ze one
particles, denicmeriakcaaainingraciaehisctaBleRigtidsh Xdnibatic LAGHEQ .
osteoinplant of Caim1 wherein the bone particl eséare %‘ﬁéi %tgaﬁ?l?%{r;&ems’
cortical; cancelad@uge Rignicits: livRpCRNCSIh A8 ShAINGe RS ey s allogeni ¢,
xenogeni ¢ or transgenic origin. BT P REE %5’@&%%?%‘%?%15 H}?F%?’PFYB’FI
A ai m 1 whersei nydhee1R0 L.GlE | S6: ture af nondeni neralized
bone particles ar{g ﬂgmﬂﬁ%‘?gﬁ’%&z“g{i' g%‘ﬁggggf r@%&q%g@_a)ily_mg-m SSE?‘SG’WP‘&? Hedified
Claim1l wherein.the ratio of .el ongat ong-derived el ements to bone powder
to is between g%’ﬂﬁcell.S{FxPB"‘If.dQ’."c'gg"ﬁ%e%'s B} feliverad byrplmmidnvital weetoss or ot
coherent mass is nmechanically shaped to a specific three-di nensional
architecture. dneapgdissig féaﬂsn%ta;rﬁenunerdmdrhom phwder; autopenons tissvde sichetd blood,
particles are fully dem neralized. 10. The osteoi nplant of Claim4 further
conprising at |seast, softdssyecbane mpaons kts.;duoquibasings; bdrk. mdiphogailiepiotathaBMes);
Claim 10 wherein the bioconpatible conmponent is selected fromthe group
consi sting of istoidpetivietfactorf (RO fibesniebti I, 86QRMal SIEzBaf Bclor(BLGE)

fi ber, mesh) substance providing radiopacity, plasticizes, ’

bi ost ati c/ hoocivdadul@@edthel il koW fRE: E¥imeAfifh R e. 12.
The osteoinplant of Claim1l Ffj_rt her C(Qr,rgr(?g’l ng apﬁl ea@?ﬁ%%&%ﬁgﬁ?&& _

| mper meabi |1ty e@nSdnl nhrh &P BB whi 5D O Sl P WA Rl ot e aran! mootth

t he

factor (EGF); interlenkins, e.g., interleukin-1 (IL-1), interleukin-2 (IL-2); human hlpha
thrombin; transforming growth factor (TGF-beta); insulin-like growth factors (IGF-1,
IGF-2); platelet derived growth factors (PDGF); fibroblast growth factors (FGF, BFGF,

15 etc.); periodontal ligament chemotactic factor (PDLGF); enamel matrix proteins; growth
and differentiation factors (GDF); hedgehog family of proteins; protein receptor
molecules; small peptides derived from growth factors above; bone promoters; cytokines;
somatotropin; bone digestors; antitumor agents; cellular attractants and attachment
agents; immuno-suppressants; permeation enhancers, e.g., fatty acid esters such as

20 laureate, myristate and stearate monoesters of polyethylene glycol, enamine derivatives,
alpha-keto aldehydes, etc.; and nucleic acids. The amounts of such optionally added
substances can vary widely with optimum levels being readily determined in a specific

case by routine experimentation.
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osteoi npl ant. 42 310 EC200 13. The osteoinplant of Caim1 configured
and di nensioned in the shape of a sheet, plate, disk, tunnel, ring, cone)
or tube. 14. A nethod of form ng an osteogeni ¢ osteoi npl ant havi ng not
greater than about 32% void volune, the nmethod conprising: providing a
coherent mass of bone particles optionally in conbination w t:ﬂ 1OQE om"gore
bi oconpati bl e conponents, the coherent mass forned at |east ish'p F m
el ongat e bone-derived el enents optionally in conbination with bone powder;

oot bogeni o ost ol mpiant AR G A TBRE o et el B oo heatn et

particles are ' I cortical) cancellous and corticocancel |l ous bone
of aut ogenous, Iﬂg‘f”?é@é%&‘,&&eﬁf}g‘iﬂﬁ%gméﬁa 15 o} frterafidctodieieghaustive and hat thten od

of daim 14 wherein the bioconpatible conponent is selected fromthe group
consi sting of ‘HFE‘ESHIE)%‘WB? rany b Adgpixedyithbonemagidapwithipl the prastiee of fiel prevent
fi ber, mesh) substance providing radiopacity, plasticizer,

bi ost ati ¢/ bi odP¥HIM%8gent, surface active agent, and bi oactive substance.

17. The method of Caiin 14 which further conprises applying heat io the
conposi ti oA bef or e, TRAtetshgmennt of such optianialiy addedl medibalhi/nggichily GaITar QibstadB&S -
43 3 1 DE C 200 18. The nethod of C aim 14 which further conprises
cross- | i nki ng Wwitrtepisally raogefomiabhit 0 to Mmméﬂmsﬂﬁé&yﬁbﬁf@dﬁl@&%wwnﬁaké er
mechani cal | y shaping the coherent mass. 19. The nethod of Cl aim 14 whic

further conpr ipsefsrabijhfroimabontg tb Bisoue A0R@Eht h&Ber ¥adéEdn dl%r\i'éggxtgf @%Ex\%ﬁ{c
a I'ch

mechani cal | y shapi ng the coherent mass. 20. The net hod of I'm

further conprics@mosieiby Bfat : ched gahl ed, goher ent.. mass
after applying ?%_g hea? . 81'[2%'891_1'1 lté}?‘sr‘ret oﬁéj%?rﬁ%sal m’ v%gr?%aﬁﬂevtekgb?{‘%beagﬂy
mechani cal |y gbaphfRdGe HBpdcHfc®ase by routine experimentation. The preferred

10 medically/surgically useful substance is bone morphogenic proteins.

The mass of bone-derived elements of this invention can be freshly prepared just
by mixing desired quantities of the bone-derived elements, fluid carrier, if any, and
optional component(s), if any, in any suitable sequence of separate mixing operations or
all at once. Thus, the bone-derived elements, can be mixed with the optional

15 component(s) and thereafter combined with the fluid carrier component, the bone-derived
elements can be mixed with the fluid carrier followed by addition of the optional
ingredient(s) or the optional ingredients can be added to the fluid carrier followed by
addition of the bone-derived elements. Variations of these and other sequences of mixing
are, of course, possible. Advantageously, the bone-derived elements, fluid carrier and

20  optional ingredient(s) are mixed substantially simultaneously such that the particles of the
osteogenic osteoimplant are entangled.

One method of fabricating the bone-element containing coherent mass which can

be advantageously utilized herein involves contacting a quantity of bone-derived
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pressing, extruding and/or rolling. 22. The method of Caim21 further
conprising neans for the application of |ateral force. 23. The nethod of
Claim 22 wherein a conpressive and lateral force is applied sinultaneously.
24. The nmethod of Claim 14 further conprising the step of placing the
coherent mass between two flexible stick-resistant surfaces prior to the
step of mechanically shaping. 44 3 1 D E C 2D0 25. The netljod DECQ084m 14
further conprising the step of placing the coherent nass of bone-derived

particles on an jinflexihble,. inperneable, horizontally planar work surface
prior to the st (f;l)é}g?“?ﬁé’? Wiﬁ%%ﬁm@?ab%‘g@sb@ermmfpmw esinsiihue fallzs
wherein the step, of nmechanically shaping further conprises contacting the

coherent mass widemingralized plongate boae pirticlegacddscribid atmives with asuffecdent Biunt of a
met hod of Claim 26 wherein at | east one of the revolving cylindrical roller

i s nodified to pniabledbiccomphtitde Suid @fterd € oA orfini@PeotRr f
the osteoinplant. 28. The nethod of Caim14 furt erl gorrprsiogvi%hg ataﬁée‘;uggg%hgf’

"east ong sone of | pa?nenar Lo, RUEFe ORGP b ER et 8 R o8B, one

| east one zone of inperneability to sof I'Ssu

Is integral wtRptib&al o , - h of Claim?2 erein the.
occl udi ng step cgrrpr i gfgﬁﬁéﬂ;ﬁﬁd}?%glﬁsygﬁeso@ L}t] ﬁgd%ﬂ%@ép%g?%w doughelike
tenperature. 30 Bt of .Claim 28 erein the occluding step
conpri ses cr ossF?’ﬁEﬁsﬁg&BQﬁ% IR er rppypalready e pr6Pant afiepthedeminaralizationatapa Insuch
t he mechani cal | cahaﬁeddﬁgss. 31, The nethod of G aim 14 further conprising
the step of shaéi i PR pral capienngedibs addefle rtitebleckiocampatibie Afidparatrs are
and/ or three-di Qensi pnal architecture. as

nown in the art and are described in U.S. Prov. Appl. No. 60/159,774 filed October 15,

1999, the contents of which are incorporated herein.

10 In a preferred embodiment of the invention herein, the liquid carrier is a liquid
polyhydroxy compound, liquid polyhydroxy compound derivative, liquid solution of
solid polyhydroxy compound, liquid solution of solid polyhydroxy compound derivative
or mixtures thereof. If necessary or desirable, the liquid cénier can be dissolved or
diluted with an appropriate solvent such that when combined with the bone-derived .

15 elements of the invention a bone element-containing composition capable of being
shaped is provided. Thus, the polyhydroxy compound or polyhydroxy derivatives can be
a liquid in the pure or highly concentrated state at ambient temperature, e.g., 0.5° to
50°C., or it can be a solid or semi-solid at this temperature in which case it becomes
necessary to dissolve the material in a solvent such as water, physiological saline,

20 ethanol, glycerol, glucose, propylene glycol, polyethylene glycol of from 200-1000
molecular weight, polyviny! alcohol, etc. Of course, the liquid carrier can be made up of
one or more liquid polyhydroxy compounds or derivatives in solution with one or more

solid polyhdroxy compounds or derivatives. Likewise, the liquid carrier can be made up
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20  being entirely suitable in most cases. The ratio of elongate bone-derived elements to

bone powder can vary between about 1:0 to about 1:9, The balance of the osteoimplant

being made up of fluid carrier and optional ingredient(s), if any.
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23}_8%&(&) ( ;/(E OS/(,) ##j Jg %&I 8\6 Q%)ls $1€%§‘:&$:%t)o?t§e invention results in an osteoimplant that 1S
5  conformable and can be further subjected to surface treatment, e.g., occluding a surface,
to form an osteoimplant especially suitable to barrier membrane applications. In another
embodiment of the invention , the osteogenic osteoimplant is formed from, at least in
part, elongate bone-derived elements in combination with water and/or physiologic saline
as the fluid carrier and/or binder. This results in an embodiment of the invention that is
10  capable of being configured to a specific three-dimensional architecture, the architecture
being retained even after rehydration and deformation prior to or during implantation.
Thus, the amount and type of bone elements and/or fluid carrier and/or bindc; canbe |

varied depending upon the intended final use of the osteoimplant.

Forming the Ostecimplant

15 To form the osteogenic osteoimplant of this invention a coherent mass of bone-
derived elements prepared as described above is subjected to mechanical shaping. Such
shaping is accomplished through the application of compressive and, optionally,
simultaneous lateral force(s). Because the coherent mass can display viscoelastic _
properties, the force required to dcform‘ the mass is sensitive to the rate of application and

20  is readily determined by routine experimentation. The application of this force(s) can be
accomplished by a variety of methods, e.g., pressing, extruding, rolling, etc. When

necessary to prevent the mass from sticking to the work surface and/or roller(s), the
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coherent mass may be placed between two flexible stick-resistant surfaces, e, g., Tyvek™
sheets, or a Teflon™ coated surface,

Ina pt;cfcrred embodiment the coherent mass is placed on an inflexible,
impermeable, horizontally planar work surface and then compressively contacted with a
revolving impermeable cylindrical roller with such force being applied as is necessary to
form an osteoimplant of the desired characteristics. Altematively, the coherent mass can
be subjected to a series of successive contacts with two or multiples of two parallel
rollers rotating counter directionally with respect to each other and such a distance apart
from each other that an osteoimplant of desired thickness is formed. Such rollers can
include roller(s) modified to provide for the surface treatment of one or both surfaces of
the osteoimplant, e.g,, rollers having a patterned surface; rollers that are barrel-shaped to
provide curvature to the shaped material; rollers that may emboss a design or texture to
the osteoimplant; rollers that may imprint a series of perforations or penetrating holes for
sizing of the sheets, i.e., a cutting guide or to improve biological ingrowth; rollers that are
heated; rollers containing raised cutters to section pieces; etc. The rollers can also be
modified to create moderate to large pores through the material thereby creating a mesh-
like material, such a mesh-like implant can also be provide utilizing any standard
technique, e.g. weaving, expanding, etc.

The osteogenic osteoimplant can then be used immediately, subjected to optional
treatment(s), e.g., tissue engineering methods may be employed to grow living cells
within the matrix of the invention prior to surgical implantation, if any, or preferably

dehydrated, e.g., lyophilized, and/or frozen prior to packaging for use. The osteoimplant
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operation or process which occludes a selected surface area of the osteoimplant to

provide a skin or barrier which is impermeable to soft tissue ingrowth. This operation
can be performed by heating a portion of the surface area of the osteoimplant, by cross-
linking a portion of the surface area of the osteoimplant and/or by applying one or more
10 biocompatible substances to a portion of the surface area of the osteoimplant to provide a
microporous layer thereon. It will be understood by those skilled in the art that
combinations of one or more of the foregoing operations can be employed, e.g., heating
followed by cross-linking, cross-linking followed by heating, cross-linking followed by
application of biocompatible substance, etc. It will also be understood by those skilled in
15 the art that any of these operations can be performed on the osteoimplant before or after
the optional drying and/or lyophilizing steps dcscribed above. Thus, e.g., the
osteoimplant can be subjected to the heating operation to occlude a portion of the surface
area of th¢ osteoimplant followed by lyophilization of the occluded osteoimplant. Such
barrier forming operations are known and disclosed in commonly assigned U.S. Patent
20 Appln. Serial No. 09/211,310 filed December 14, 1998 the contents of which are

incorporated herein by reference.
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defects involving both the buccal and lingual alveolar ridges, neutralization plates,

reconstructive plates, buttress plates, T-buttress plates, spoon plates, clover leaf plates,
condylar plates, compression plates, bridge plates, wave plates, etc. Partial tubular as
well as flat plates can be fabricated from the osteoimplant of this invention. Such plates

10 may include such conformations as, e.g., concave contoured, bow] shaped, dcféct shaped,
etc. Of course, the osteoimplant can be machined or shaped by any suitable mechanical
shaping means. Computerized modeling can, for example, be employed to provide for
the intricately-shaped three-dimensional architecture of an osteoimplant which is custom-
fitted to the bone repair site with great precision.

15 Optionally, the partially demineralized osteoimplant can be formed into a
laminate. Advantages of a laminate of the partially demineralized osteoimplant would
include: a.) allowing the laminate to be shaped in three dimensions, as in the introduction
ofa concave surface shape, etc.; b.) each layer of the laminate would be continuous,
without requiring binding of the joints between the pieces. A laminate prepared

20  according to the invention herein would provide a more uniform and stronger laminate
osteoimplant than those that are available utilizing prior art methods.

Assembling the superimposed layers into a strong unitary structure can bé

accomplished by a variety of means/procedures, e.g., application of known and
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O gL iy o it A
& ()-G 1om Lont TeReT %’Pﬁ’wﬁ‘-g‘éﬁﬁ%ﬁ@ﬂ%@%fﬁdg Biles, ci:';z%ij-baséd glues,
hgﬂ;%? ?/G,&#gz)gy; ﬁl ﬁ ?g}o/ﬁ}c( %ﬁf@%}él a’é@g? ;lgzx\%(ag %'c plllgséphéxt#e,:L r?xa/ggeipu%l §> 6sphate oor other
#10%-h+h& ( )5_ Z! éﬁojéglﬁ_t@-lggsgéld )erhér;g{z?r;cchar %ﬁi;agej}atzc., and protein-based binders such as fibrin
glues and mussel-derived adhesive proteins; the use of mechanical fasteners such as pins,
screws, dowels, etc., which can be fabricated from natural or synthetic materials and
bioabsorbable as well as nonbidabsorbable matenals; laser tissue welding; and, ultrasonic
bonding. If degired, the layers of the osteogenic osteoimplant can be provided with
10 mechanically interengaging features, e.g., tongue-and-groove, mortise-and-tenon, or
dove-tail elements, to facilitate their assembly into the final product and/or to fix the
layers to each other in a more secure fashion. The optimal method of assembly would be
determined on a case-by-case basis through routine e#peﬁmcntation. In addition to its
bone membrane layers, the osteoimplant of this ¢mbodiment of'the invention can
15 optionally possess one or more layers formed from one or more other materials or .
substances such as those described above.
Use of the Osteogenic Osteoimplant
The osteogenic osteoimplant of this invention is intended to be applied at a bone
repair site, e.g., one resulting from injury, defect brought about during the course of
20 surgery, infection, malignancy or developmental malformation. The osteoimplant can be
utilized in a wide variety of orthopedic, periodontal, neurosurgical, oral and maxillofacial

surgical procedures such as the repair of simple and compound fractures and non-unions;

external and internal fixations; joint reconstructions such as arthrodesis; general
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intermaxillary fixation of fractures; mentoplasty; temporomandibular joint replacement;
alveolar ridge augmentation and reconstruction; inlay osteoimplants; implant placement
and revision; sinus lifts; cosmetic procedures; ete. Specific bones which can be repaired
or replaced with the osteoimplant herein include the ethmoid, frontal, nasal, occipital,

10 parietal, temporal, mandible, maxilla, zygomatic, cervical vertebra, thoracic vertebra,
lumbar vertebra, sacrum, rib, sternum, clavicle, scapula, humerus, radius, ulna, carpal
bones, metacarpal bones, phalanges, ilium, ischium, pubis, femur, tibia, ﬁbula, patella,
calcaneus, tarsal and metatarsal bones.

Possible clinical applications would include, e.g., the treatment of traumatic

15 fractures, pathologic fractures, stress fractures, congential defects or fractures, or
operative defects in any bone of the body that would be treated with plate fixation.
Fracture categories treated with the osteoimplant can include but not be limited to
intraarticular or periarticular fractures; metaphyseal fractures; transverse, oblique,
comminuted, and fragmented fractures; repair to non-fractured sites; defects due to

20  periodontal disease or surgery; and other bone defects.

At the bone repair site, the osteogenic osteoimplant can be employed in the dry or

hydrated state. The dry or hydrated osteoimplant can be cut or sized if need be to

conform to the site being repaired. The osteoimplant can be hydfated before, during or
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osteoimplant becomes flexible yet retains its shape and much of its tensile strength. The

5  osteoimplant can be packaged in either the dried or wet state and stored for subsequent
application. In some circumstances, it is preferable to package the osteoimplant in the
wet state so that it is ready for immediate use at the surgical site. Optional materials can
also be added prior to packaging. Preferably the osteoimplant is lyophilized or otherwise
dehydrated and/or frozen prior to storage.

10 At the time just prior to when the osteoimplant of the invention is to be p'laccd in
a defect site, optional materials, e.g., autograft bone marrow aspirate, autograft bone,
preparations of selected autograft cells, autograft cells containing genes encoding i)one
promoting action, etc., can be combined with the osteoimplant of this invention. The
osteoimplant can be implanted at the bone repair site, if desired, using any suitable

15 affixation means, e.g., sutures, staples, bioadhesives, screws, pins, rivets, other fasteners
and the like or it may be retained in place by the closing of the soft tissues around it.

Turning now to the figures. Figure 1 is a cross-sectional view of a shaped
material prepared according to U.S. Patent No. 5,507,813. The section is stained to show
the presence of bone particles and powder as well as void space. The dark areas of the

20 figure are stained bone material, the white area is the void space contained within the
shaped material. Figure 2 is a cross-sectional view of an osteogenic osteoimplant
prepared as described in example 2 herein and stained in the same manner as figure 1. A

comparison of figure 2 with figure 1 reveals that the osteoimplant 6f the invention herein
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particles to fill the spaces ieﬁ between the larger elongate particles as well as the force(s)
applied in the forming of the osteogenic osteoimplant.

5 Figure 3 is an enlarged perspective view demonstrating one method of assembling
layers of the partially demineralized embodiment of the osteoimplant of the invention to
yield the finished laminate depicted ini Figure 4. As shown in the figures, the laminate
can be composed of alternating layers having the same or different properties or
comprising the same or different materials.

10 The invention will be more fully understood by way of the following examples
which are intended to illustrate but not limit methods of preparation of the osteogenic
osteoimplant in accordance with the present invention.

Example 1
Allogenic cortical bone was processed in the bone milling apparatus described in

15 U.S. Patent No. 5,607,269 to yield a mass of bone-derived elements. The bone-derived
elements were then plaped in areactor. A 0.6 N solution of HCI at 15 ml per gram of
bone-derived elements was introduced into the ;eactor, the reaction proceeding for 1 to 2
hours. Following drainage of the HCI, the bone-derived elements were covered with 0.6
N HC1 /20 ppm-2000 ppm nonionic surfactant solution for 24 to 48 hours. Following

20 drainage of the HCl/ surfactant solution, 0.6 N HCl at 15 ml per gram of total bone was
introduced into the reactor, the reaction proceeding for 40 to 50 minutes. Following
drainage through a sieve, the bone was rinsed three times with water for injection at 15

ml per gram bone weight with the water for injection being replaced at 15-minute
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bone was rinsed with water for injection. After draining, the bone elements were
transferred to a lyophilization tray and frozen at -70°C. for at least 6 hours. The

5  osteoimplant was then lyophilized following standard procedures for 24 to 48 hours.
Example 2
A mass of processed demineraiized_ bovine bone bone-derived elements prepared
as described in Example 1 was combined with a sufficient quantity of bio-compatible
carrier (50% by weight Glycerol/Water) to yield a coherent mass having a dough-like

10  consistency. The coherent mass was placed on a Tyvek™ sheet that covered an

impermeable, horizontally planar work surface. After placing a second sheet of Tyvek™
on top of the coherent mass, the mass was compressively contacted by hand with a
revolving 2058 gram, 6.13 cm. diameter, 25.5 cm. long impermeable cylinder with
sufficient applied force to yield an osteoimplant having minimal thickness.

15  Comparative Example 1

A shaped implant prepared from processed demineralized bovine bone according

to U. S. Patent No. 5,507,813 and an osteoimplant prepared as in Example 2 above were
prepared in the laboratory. Approximately one-centimeter square pieces were cut from
each and prepared for microscopic histologicél analysis. The tissue was fixed in 10%

20 neutral buffered Formalin, dehydrated in graded alcohols and embedded in the

commercially available glycol methacrylate, JB-4 Plus Embedding Kit (Polysciences,
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osteoimplant prepared according to Exdmple 2 above) were captured using a Nikon

Diaphot 300 microscope, a 2X objective and a Kodak DCS 420 Digital Camera. The
demineralized bone material (DBM) in each field is dark while the empty spaces appear

10  bright white from the light of the microscope. Six fields from each material were
captured. Images were acquired by the image analysis program, Image Pro Plus 3.0
(Media Cybemetics). This program was used to automatically measure the area (in
number of pixels) of bright objects by what is essentially a threshold measurement. The
area measurement of the bright objects is considered equivalent to the porosity of the

15 DBM matrix. Six fields from each sample type were analyzed in this manner. A
student’s t-test was used to test for a significant difference between the empty area
measurements of the material made according to U.S. Patent No. 5,507,813 (Fig. 1) and

those of the material made according to Example 2 above (Fig. 2). The porosity was
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d"10%#& ()-K ofthe six fields measured, for each of the test materials. The results are given in Table 1

below.

TABLE1

% Space % DBM

U.S. Patent No. 5,507,813 372 62.8

Osteoimplant of Example 2 26.0 74.0
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Sample Thickness (mm) Weight(z)  Density (g/cm®)
1 221 1.37 0.775
2 2.54 1.46 0.719
3 2.54 1.38 0.679
Average 243 1.40 0.724

Osteoimplant of Example 2 _
Sample Thickness(mm) Weight(g)  Density (g/em®)

1 1.45 1.14 0.983
2 1.20 0.89 0.927
3 1.31 1.13 1.078
Average 1.32 1.05 0.996
Comparative Example 3
10 Test articles of the shaped material of U.S. Pat. No. 5,507,813 and the

material of Example 2 above were prepared. Rectangular strips of the material of

Example 2 approximately 25 mm wide and 60 mm long were press-cut from a large sheet
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of material. The shaped material of U.S. Pat. No. 5,507,813 was already manufactured to
these approximate dimensions before testing. The shaped material of U.S. Pat. No,
5,507,813, the material of Example 2, and stacked sheets (3 to 5) of the material of
Example 2 (approximating the thickness of the shaped material of U.S. Pat. No.
5,507,813) were cut to approximately 50 mm in length.

The final pretest width and thickness of each test article was measured at its
center using a Mitutoyo Mode! 500-196CE digital caliper and a Mitutoyo Model 7301
0.01mm-10mm dial thickness gage respectively. For thé stacked shaped material of
Example 2 test articles, the dimensions of the entire stack was recorded and used for
calculations. Tensile tests were performed on the test articles.

A uniaxial servo-hydraulic test machine (MTS model 858 Bionix) was used under
displacement control to apply a constant tensile displacement to the test articles at a rate
of 5 mm/min. In all cases, failure (a peak in load, followed by a shar;; drop in léad) was
observed before 6 mm of tensile displacement was reached, The gage length (in these
tests, the initial distance between the grips) was set to be 31.34 mm. The test article
holding fixtures consisted of two vise-like grips, Which were hand-tightened to attach
each test specimen to the load cell (lower grip) and to the actuator (upper grip). A 200
Ibf. Joad cell, operating in the 20 Ibf. load range was used to record load levels for all
tests. For some of the single sheets of the material of Example 2 and stacked sheets of
the material of Example 2 tests, a 50 HZ low-pass filter was enabled to reduce high
frequency component noise in the load signal. Load and displacement data were
collected at a sampling rate of 20 Hz for the duration of each test. Form is as packaged.

All Tests were performed on the material without subsequent rehydration
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Specimen dimensional data was used to calculate each test article’s initial cross

sectional area, which was then used to calculate tensile engineering stress values from

gathered data. This information, along with actuator displacement data, allowed tensile

engineering stress-strain curves to be calculated for each test article. Elastic modulus was

also calculated or extracted from the data and is given in Table 3 below.

TABLE3
A (mean + SD) B (mean + SD) C (mean + SD)
Ultimate Strength 1.21 £+ 0,70 N 248+ 0.61 N 46.17 £ 5.29N
Modulus of 0.54 +.015 Mpa 0.29 + 0.08 MPa -3.34 +0.97 MPa
Elasticity
Ultimate 3.23 £0.57 mm 3.97+1.26 mm 3.34+0.97 mm
Displacement

Key A: Single Layer of the Material of Example 2

B: Multi Layer of the Material of Example 2

C: The Shaped Material of U.S. Pat. No. 5,507,813
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50 grams of dry, mineralized bone fibers wére prepared as the osteoimplant of

Example 2 wherein the biocompatible fluid carrier was a 50% (wt) Glycerol/water.

Another three portions, each containing 50 grams of dry, mineralized bone fibers from

the same source were processed according to the method of U.S., Pat. No. 5,507,813. A

measurement of the area of the finished osteoimplant as well as its weight after

lyophilization and its thickness of three places was made. The results are contained in

Table 4 below.
TABLE 4
Sample | Starting WT. (g) | Area (cm®) | Thickness 1 (mm) | Thickness 2 (mm) [ Thickness 3 (mm)
A 50 567 0.6 0.45 0.68
C 50 100 2,05 2.62 2,12
C; 50 100 2.05 1.94 2.15
G 50 100 1.65 1.7 1.78

Comparative Example 5

Key: A -Sample prepared as in Example 2 above.

Ci.3 ~The shaped material of U.S. Pat. No. 5,507,813 prepared following
standard operating procedure.

10 cm long specimens of the shaped material of Example 2 (A) and the

shaped material of U.S. Pat. No. 5,507,813 (C) were fixed in a gripping device at

different heights (1-8cm). The portion of the material extending from the fixture was
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bent over to 90 degrees, and the spring back was measured (relative to the original,
unbent position) using a protractor. The results are contained in Table 5 below.

TABLE 5

The shaped material of U.S. Pat, No. 3,507,813 prepared
following standard operating procedure.
PinchPoint  Degree Bend Bone Return

8cm 90 Back to 30 degrees

7cm 90 Back to 25 degrees

6 cm 90 Memory to 25 degrees
5cm 90 Memory to 30 degrees
4cm 90 Memory to 20 degrees
3cm 90 Memory to 20 degrees-
2cm 90 Memory to 15-20 degrees
lem 90 Memory to 15-20 degrees

Sample prepared as in Example 2 above

8 cm 90 No memory

7 cm 90 No memory

6cm 90 No memory

5cm 90 No memory

4 cm 90 No memory

3cm 90 No memory

2cm 20 Memory to 85 degrees (limp)
lcm 920 Memory to 15 to 10 degrees
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WHAT IS CLAIMED 1S:

1. An osteogenic osteoimplant in the form of a flexible sheet comprising a coherent
mass of bone-derived particles, the coherent mass formed at least in part from elongate
bone-derived elements optionally in combination with bone powder, the osteoimplant

possessing an average void volume of not greater than about 32%.

2. The osteoimplant of Cldim 1 having a thickness of between about 50 microns and
about 2000 microns.
3. The osteoimplant of Claim 1 wherein the coherent mass has a bone element

content of from about 5 to 100 weight percent based on the weight of the coherent mass

calculated prior to compression of the coherent mass.

4. The osteoimplant of Claim 1 wherein the bone-derived particles are selected from

the group consisting of nondemineralized bone particles, demineralized bone particles,

and mixtures thereof.
5. The ostéoimplant of Claim 1 wherein the bone particles are obtained from

cortical, cancellous or cortico-cancellous bone of autogenous, allogenic, xenogenic or

transgenic origin.
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6. The osteoimplant of Claim 1 wherein the bone particles comprise a mjxture of

nondemineralized bone particles and demineralized bone particles.

7. The osteoimplant of Claim 1 wherein the ratio of elongate bone-derived elements

to bone powder to is between about 1:0 to 1:9.

8. The osteoimplant of Claim 1 wHerein the coherent mass is mechanically shaped to

a specific three-dimensional architecture.

9. The osteoimpiant of Claim 1 wherein the bone-derived particles are fully

demineralized.

10.  The osteoimplant of Claim 4 further comprising at least one bio-compatible

component.

11.  The osteoimplant of Claim 10 wherein the biocompatible component is selected
from the group consisting of biocompatible fluid carrier, biocompatible binder, filler,
fiber, mesh, substance providing radiopacity, plasticizer, biostatic/biocidal agent, surface

active agent and bioactive substance.

12. The osteoimplant of Claim 1 further comprising at least one zone of
impermeability to soft tissue ingrowth wherein said zone is integral with the

osteoimplant.

42



10% & ()- Y & 10% & ()-14B[[:bUAY mY Y  &$510% & ()- Y
"10%‘&'(%)-GYY3 @10% & ()-3t Y 10% & ()- Y MO% & ()-G Y

110% & ()-Fe| 0bUAY mY Y'10%s& ()-310°°10°°10°"Y Y ;10% & ()-t Y
510% & ()- Y L310% & ()-GY (110% & ()-YI F[[:bUAY mY Y 10%s& ()-3 Y

10%s& ()-GY Y

$10%s& ()- t Y 3 fy 10%s& ()-Z2 Y
10%ss& () y (] 31 DEC 2004

13.  The osteoimplant of Claim 1 configured and dimensioned in the shape of a sheet,

plate, disk, tunnel, ring, cone, or tube.

14. A method of forming an osteogenic osteoimplant having not greater than about
32% void volume, the method comprising:

providing a coherent mass of bone particles optionally in combination with one or
more biocompatible components, the coherent mass formed at least in part from elongate
bone-derived elements optionally in combination with bone powder; and,

mechanically shaping the coherent mass of bone particles to form the osteo genic

osteoimplant,

15, The method of Claim 14 wherein the bone particles are obtained from cortical,
cancellous and corticocancellous bone of autogenous, allogenic, xenogenic and

transgenic origin.

16.  The method of Claim 14 wherein the biocompatible component is selected from
the group consisting of biocompatible fluid carrier, biocompatible binder, filler, fiber,
mesh, substance providing radiopacity, plasticizer, biostatic/biocidal agent, surface active

agent, and bioactive substance.

17. The method of Claim 14 which further comprises applying heat 1o the

composition before, during or after mechanically shaping the coherent mass.
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18.  The method of Claim 14 which further comprises cross-linking bone particles

within the composition before, during or after mechanically shaping the coherent mass.

19.  The method of Claim 14 which further comprises dehydrating the composition

before, during or after mechanically shaping the coherent mass.

20.  The method of Claim 17 which further comprises dehydrating the heated,

mechanically shaped coherent.rhags after applying the heat.

21.  The method of Claim 14 wherein the step of mechanically shaping comprises

pressing, extruding and/or rolling.

22.  The method of Claim 21 further comprising means for the application of lateral

force.

23.  The method of Claim 22 wherein a compressive and lateral force is applied

simultaneously.

24.  The method of Claim 14 further comprising the step of placing the coherent mass

between two flexible stick-resistant surfaces prior to the step of mechanically shaping.



s110% & ()-3(~|[:vUAY mY Y L* 10% & ()- YY F( 10% & ()- Y
$10% & ()-t Y \
MO0 1010 Y Y £:10% & ()- Y 710% & ()-t Y 4110% & ()- Y

010% " & ()-

Y

110% & ()- Y MI0% & ()- Y 10% & ()-]F | J K L |[NA4Y

110% & ()- L Z "O'Z"|[:NAAY mlO Y 9¢c10%& ()-Y Y

h109& ()-L Y N 109%&' ()-mt Y

3 1 DEC 2004

25.  The method of Claim 14 further comprising the step of placing the coherent mass
of bone-derived particles on an inflexible, impermeable, horizontally planar work surface

prior to the step of mechanically shaping.

26.  The method of Claim 25 wherein the step of mechanically shaping further

comprises contacting the coherent mass with at least one revolving cylindrical roller.

27.  The method of Claim 26 wherein at least one of the revolving cylindrical roller is

modified to provide for the surface treatment of one or both surfaces of the ostéoimplant.

28.  The method of Claim 14 further comprising the step of:
occluding a portion of the surface area of the osteoimplant to provide at least one
zone of impermeability to soft tissue ingrowth wherein said zone is integral with the

osteoimplant.

29.  The method of Claim 28 wherein the occluding step comprises heating a portion

of the surface area at elevated temperature,

30.  The method of Claim 28 wherein the occluding step comprises crosslinking bone

particles at a portion of the surface area of the mechanically shaped mass.

31.  The method of Claim 14 further comprising the step of shaping the osteoimplant

to a determined form, configuration and/or three-dimensional architecture.
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33, An osteoimplant comprising a mechanically shaped composition of elongate bone
particles selected from the group consisting of nondemineralized bone particles,
demineralized bone particles, and combinations thereof, wherein the osteoimplant

possesses a void volume not greater than about 32%.

34.  The osteoimplant of Claim 33 further comprising at least one biocompatible

component,

35.  The osteoimplant of Claim 33 wherein the biocompatible component is selected
from the group consisting of biocompatible fluid carrier, biocompatible binder, filler,
fiber, mesh, substance imparting radiopacity, surface active agent, bioactive substance

and biostatic/biocidal agent.

36.  An osteoimplant prepared by the method of claim 14.

37.  An osteoimplant prepared by the method of claim 17.

38.  An osteoimplant prepared by the method of claim 26.
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39.  An osteoimplant prepared by the method of claim 28.

40.  An osteoimplant prepared by the method of claim 31.
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