s This invention relates to an osteogeni c osteoi npl ant nade up of, at | eg
in part, i e use of pulverized exogenous bone grow hdoddg, €. O
derived f\&gr%%gOElBACKG?QJND OF THE | NVENTI ON el ongat e bong?ﬁgw‘\//iggdoel enent s
intended for use in the repair, replacenent and/or augnentation of various
portions of animal or human skel etal systens. More particularly, this
invention relates to an inplant made up of a mass of el ongate bone derived
el ements optionally in conbination with bone powder. The el ongate bonc
derived el enents and/or bone powder may be nondem neralized bone, partially
or fully demi neralizedOSTEOGENACUMPIANTS DERIVEDIFROMBEONENG. An i npl ant
of the invention herein is especially suitable for use in periodontal
applications, e.g., guided bone regeneration; plastic and reconstructive
surgery, e.g., where the contour of the bone nust be nodified; and filling
of crani al %&@g?&bmﬁt@pq\%wvﬁgﬂ@&al applications are al so envisioned.
dem nerali zed allTogeni ¢ or Xenogeni c bone, in the surgical repair or
reconstruction of,defective or diseased bone is known., See,. in this regard,
the di scl osures fé?“ﬂ"é‘?“@&f‘?”ﬁ%ﬁ". %?i@ﬁ?@?@?tcﬁ’mﬁﬁ‘,t?%,e up of;3 legshin part,
4,485,097, 4,678,470, and 4, 743,259; Bol ander et al., "The Use of

Deni ner al i z&lpnBatedonerderived; slemonts meégsdpd fosussnghe rapair, elagementand/he Jour nal
of Bone and Joint Surgery, Vol. 68-A No. 8, pp. '1264-1273; G owacki et al,
" Demi ner al i asgm&dation sfplasintsfortiGyy offanirhalror hamahiskélatalnsystemsPMa@tei ¢ Sur gery
Vol . 12, i~~~~~ m~~ SUBSTI TUTE SHEET (RULE 26) WO 02/ 021sG PCT/ U S( 11

/20220 No. Bartieflarlg3Bisdflention P& ates toGRNRipRAD nlde @ of a ks 804I6EEASB@R- Def ect s
in Bone by Demineralized Bone Matrix in the Formof a Powder", The Journal

of Bone_lé‘”ddél‘?@&ltel&?gf% §5iohally cqnﬁﬁ ion Hr g%ngﬁa%%wdgﬁ%l%gél?r%ﬁ?gganc-

Meel toni g, "Decalcitied Freeze-Dri one aft as an ant Materi al

I n Hurmman Per,i odon fe ", The .lnternational 5 Journal of. Peri ntics
and Rest or aler\’/‘ge%ﬁi%b?%?’w&;b ne powder IP%E t}or%g%efalggggﬂnempa%aﬁyor%ﬂ at ment
of Jaw Defects with Dem neralized Bgne | nplants”) Journal of Oral and
Maxi 1| of aci SFmingraligeqd bonsprany combinatiomef the farggyng. Apdmpipgtieithe invention | " A
Smal | Animal Mdel for Investigating Cndosseous Dental Inplants: Effect of
Graft Mat er hereln iggspesially saitable %n@mmemgdomdrapgécmm,muiw omes Pl aced
in a Fresh Extraction Socket",

regeneration; plastic and reconstructive surgery, e.g., where the contour of the bone must

; e3e, ) h, 6T$WD 02/ 0215G PCT/ USOL/ 20220 OSTEOCGENI C | MPLANTS DERI VED FROM B

15 be modified; and filling of cranial defects; though other skeletal applications are also

envisioned.

The use of pulverized exogenous bone growth material, e.g., derived from
demineralized allogenic or xenogenic bone, in the surgical repair or reconstruction of
defective or diseased bone is known. S.ee, in this regard, the disclosures of U.S. Pat. Nos.

20 4,394,370, 4,440,750, 4,472,840, 4,485,697, 4,678,470, and 4,743,259; Bolander et al,
“The Use of Demineralized 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,

“Demincralized Bone Implants”, Symposium on Horizons in Plastic Surgery, Vol. 12,
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to The International Journal of Oal & Maxillofacial Inplants Vol. 2, No.
4, pp. 217-223 ( 1987). More recently, processed bone has been devel oped

i nt o new wipap@31sgor use in new surgical applications, W 0erl al s
for inplants that were historically made of non bi ol ogi ca??ynﬁe/fﬁ\%ﬁed

materials. 15 U S. Pat. No. 4,Gr8,470 descri bes a non-I|ayered

ost eoi npl anting nateri al produced from bone by a process which includes
tanning with gl utaral dehyde. The bone may be pul verized, used as a | arge
bl ock or machined into a preci se shape. The tanning stabilizes the material
and al so r QN 91 233H- URBg Gepsicinet alncBaEEILATETRiests in Bane by

osteoi nductivity of the product. The bone material may al so be

demi ner al i Zeemin2mligkdBomaMatrivoin the B@ df30Paledar?,i Thes/oarnad of Boneowd Solrdet of
conpletely or partially dem neralized natural bone having sufficient

f1 exibilitySigerpoVbloconA, WNd. Mepp. 984-801 (KI8TR. Mtlidnig, Piiecalbified Fréz& DA
descri bes the use of a continuous sheet of dem neralized bone or partially

dem ner al i ZBsheOMSyrath GVRNEpladtMBatsHAGh Hilakin FReiodstthl Defestt™t, Whk Iardsational2
SUBSTI TUTE SHEET (RULE 26) W O 02/ 02156 PCT/ US01/ 20220 t heref or e

sacrifig ”QoﬁMa‘?BﬂPé’hodoﬂtzPsf &M%I Rés?br&ﬁv’?ﬁéﬁ??sirf) ﬁ&ﬁl-&%?kﬁkai%ﬁ!)tl@aﬁaﬂ eWQF Ch It

is applied. U 813 descri bes a surgically inplantab

sheet formdrxéamgatedf@%gme&mﬁa il R "'@%Jlé{ gm&ra' | zed,

contalnlng bi oconpati bl e s ingre hesive iClzers,

\Z\At?h hol es A%W'ﬁ‘ygf'gfgl?rggqggég??ﬁgégg ?ﬁ’?@sﬁélnfg’lr a‘ﬁf egafn %h? af?r"r’?’r ese
Ot o R P Tt o BRI ob e By ot ieh SRR R
4,394,370 descri bes a one-pi ece spange-|i ke Qsteoi rrpl ant _materi aI

fabri cat ed Healiag plEngosseawsnRarans-Sedncss fraplaataddaced in aFresh Exfastion yosket "bone,

and reconstituted coll agen. The sponge-like graft is optionally

cr 0ss- | ionk ekhedittetnaglonelatoarnid iaf Geal phbodlfaciaidmplasseVpbRole. 4,mpl aht-22%
described in U S. Pat. No. 5,6G83,459. The 15 inplant is nmade up of a
bi odegr adaljiiegpol ynmeric macrostructure, which is structured as an
i nterconnecting open cell meshwork, and a bi odegradabl e polymeric

;ﬂcf (rj ostructure QQBRASEMAI piobERRL Bisileihas BEAURIcIDPESINEIIRES sisdped forusd1itdew ONi C
surgical applications, or as new materials for implants that were historically made of non-
biologically derived matenals.

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 taﬁning
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,
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U S. Pat. No. 5,899,939 describes an osteoi nplant fabricated froma nunber
of layers possessing conpression strength characteristics approximting
those of @Wafdfalsc20 bone. However, the prior art dem nerabi#gf)H

products have proven to be unsatisfactory for applications requiring a thin
osteogenic material capable of displaying a variety of properties. In one
enbodi nent of the invention herein, the material is thin 3 SUBSTI TUTE SHEET
(RULE 26) WO 02/ U2156 PCTI US(11/20220 and conforming, i.e., able to be
shaped closely to the_exterior of bony surfaces, thereby mnimzing stress
on the over tharefgresaemfiging strength, pmordetorqoafasmy to dhastkgletal site B whigh 1t igvent i on
herein) the material is formholding) i.e., able to maintain its

t hr ee- di nengppliedl architecture even after rehydrati on and defornation prior
to or during inplantation. Moreover, prior art products have been limted
as to the size angs.ghapd. {5078 3fdesiribeed sirgidllg imPlinthblie shéet Formivd frompe of
starting material used to formthe product. In every enbodi nent of the

i nvention heroﬂ'ggte bfe-@briRd Uentdif bg@rﬁny dlex%id&:{)ﬂ;E&@oHﬁin\fné)BioE&?gﬁtﬁ}l@|

amount of starting material avall able anhd not the size and pe of

starting, material . Thus [ 1 eni.c material capable of displaying a
variety of “r%%“i?‘%tﬁ'é’gff%vﬁﬁcfi%é’nﬁ%?%‘ﬁ%gdé& rabl e. SUMMARY- OF THE | NVENTI ON
Therefore, it is _an_object of the invention to provi de an osteqgenic

ost eoi npl ant haWrgP#- Vsi ﬂg%f’mrgesﬁlflbqﬁd‘t“ agfificizlareamebongdpinx 3t keles et ed by
providing, at least in part, elongate bone-derived elenents in a coherent
mass and nepérfgraderns extendimgiinlg thherzasic pgrematerial. sThes¢ heleher pesfijratiansete t he
invention to provi de an osteogeni c osteoi nplant made up of, at least in
part, el ongatdécaburie bdeentorodf edrtitagntasd hbnaindidtionfplidoviag amplastatign ol thedbone

di rensional ly shaped prior to inplantation to provide for, say, the
specific arghattecture of an inplant site. 20 It is a further object of the
invention to provi de an osteogeni c osteoi nplant consisting of a | anmi nate

formed g§ |east s .makiNg udouing desdided ABheplecOfpohpllikd ¥abbinplart SR 4
SUBSTI TUTE SHEET ( RULE 26)
fabricated from fully demineralized bone powder or micro particulate bone, and
reconstituted collagen. The sponge-like graft is optionally cross-linked with
glutaraldehyde.
Another one-picce 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 numbe:r of
layers possessing compression strength 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
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WO 02/1121s6 PCT/USU 1/20220 It is a further object of the invention to
provi de an osteogeni c osteoi nplant made up of fully dem neralized bone

el enents fipahwbfsemenbrane |ike yet capable of hol ding itspghareapsh vol ume
despite pressure fromoverlying gingival tissue, i.e., shape retaining. It
is yet a further object of the invention to provide a highly flexible,

hi ghl y conformabl e, osteogeni c osteoi npl ant by addi ng a bi o-conpati bl e
fluid carrier to the fully dem neralized bone-derived el enents, the carrier

remai ni ng i nd BEnfbMingNe. BbRtodelsBipedMseTyAb it exteridrlof bony lrfaed, ‘tHetr_@B?}f
obj ect of the invention to provide an ostéogeni c osteoi npl ant wherein one

surface is b DRACHEARh SOk Scon dsshds, e Akt Abo Rk BL up! L he

i nvention to provi an ost eoge ost eol npl ant e tallored to
have vari ed. perpeabi lity and handlin 1aracteristics., It is t a further
ob] ect "ot t HEenHbREPln e d e Rl Ao ffE 36 Al 1o riisih s die¥imEsiadh o
| east one surface can be treated to produce . a visible pattern. It is yet a
further obj achitegtureisyen afleriehysisation apd deformation prerde geAranGERlantaAmant ~ 15
whose size is limted only by the anbunt of starting materials avail able.

I n keepi hg Madreovehgsior arigrodictsthade bégndumidedods to thessizerandrshapemf théfinisheds
provi ded an osteogenic osteoinplant in the formof a flexible sheet having

not great er pfddast BoBEkiz8 4fd Wk f MattingEnfenAluséd ©ddorn BR1R6@NL. P&Rrpf
bone-derived particles. This is in ,contrast to the shaped materials

prepared in : . g\pﬁ : . voi d
vol une of a?ﬂﬁgaaié% ﬂgggggw%%%ann%cf r@ﬁgﬁe{‘%%d_ t(}a)g%l gzgm tﬁ%’? gltrlﬂlag}ms] p eggrt(gt in
accordance with U.S Pat. . ri. al . .09/ 256, 447 fil -ebruary 23,
1557 whi ch HagEnCeTSarte PR ST ind ey e e nilupd of ering ighipll 5
SUBSTI TUTE SHEET (RULE 26) WD 02/ 021SG PCT/ US01/ 20220, Al t hough not

wi shing to Bhupadhia dsteogensemateripl capablp of displayingianarietyofpsopprticsayquld b |
voi d volunme of the osteoinplant of this invention allows for the inproved

properties hghtodgaatsd. to |ike materials that have a void vol une of greater
t han about 32% The osteogeni c osteoinplant of this invention is nuch

t hi nner thaQUMMARROF PRETRVENTONS, |.€., thickness ranging from about 50
m crons to about 2000 m crons being
Therefore, it is an object of the invention to provide an osteogenic osteoimplant
having a void volume of not greater than about 32% prepared by providing, at least in
part, elongate bone-derived elements in a coherent mass and mechanically shaping the
15  mass.
it is a further object of the invention to provide an osteogenic osteoimplant made
up of, at least in part, elongate bone-derived elements which is capable of beir'lg three-
dimensionally shaped prior to implantation to provide for, say, the specific architecture of
an implant site.
20 It is a further object of the invention to provide an osteogenic osteoimplant

consisting of a laminate formed at least in part from the osteoimplant of the invention

herein,
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entirely suitable. In one enbodi nent, the osteogenic osteoinplant of the

i nvention herein can be contoured to a specific three-di nensional
architectwoeddpds i s retained even after rehydration. Thi %Cfrﬂfsm/}ﬂﬁh i ng
enbodi nent of the invention is able to be incorporated as t 0 a graft into
the inplant site and retains its architecture even after deformation prior
to or during inplantation while providing an inplant that can interact
biologically with the host tissue. In a different enbodi ment of the

invention, the fuldyneeet ageclof aRdntaifien éepiovrid aﬂQ{sfcbgélﬁé ostéoiﬁ‘nflan@hﬁﬁg ate
bone-derived el enents and/or bone powder, are conmbined with a 15 suitable

bi . ) ) ) ) : .
C enoar et oniFof fullh Sefiflerdifskd bR elEAHR Hat iséiraby TRk b caf 6o il dihe jts
i nventi on dQes no i

ave a shape Ly | ont. to 1ol ants from
L sect i oaPoRIGnE aRm e e TE P ol BEAA%H S 58 Sk iR er) o
No. 4,932,973 and.is therefore a t o he shaped, cl ps to . the exterior of
a bony surface th&¥bhe ‘(‘,r(’)lfff'é?[’ﬁ?h‘gjtﬁ%'“é{e'ﬁ{?ﬁ 96?%‘?‘3%%! ’?ﬁl’%l%%‘gme’g@’é@ﬁse 20
this enbodi ment of the osteoinplant i s thin and confqrmable, the
ost eoi mdl arfonfarARhiez esteagepicosteginplpnt by\pddingiahio-cpmpatible fidcamgrio théey are
cl osed over the bone-grafted site. In addition, the thin nenbrane-|ike
conf i gur at i ‘uHy demineralizedbensi-gesived glements, the\camier semainingur thedmpiang eygnacenent
bet ween ot her osteoinplant materials, e.g., allograft G SUBSTI TUTE SHEET
(RULE 26) afWadéemydofion6 PCT/ US01/ 20220 and/ or autograft) and gi ngival
tissues in ridge augnentation and/ or periodontal repair procedures. In a
preferred embodimaet affutiee objevtestithivértioni to pravide drlidsteogeigiosesimplamad
bone-derived inplant of this invention, acting as an inperneabl e nenbrane,

serves pri rwﬁgrgmﬁ}gls@rfmfig iegg‘)gmg_ggl@lg? ckifgoarti ng osteogeni c ost eoi npl ant
|

| i ke properties e preventing ingromh of soft tissues. This is

coml ety or " t1 1y & ByBRT chBELRE VARICR 1 Bhte Bt Gl BonGulaRT ot s on

This is in contrast to prior art products whose flexibility. is inadequate
for use in Whighcan bg {aHgredto bayesvagisd pegneabidity aadhandlipg sharagieristich of t he

di fferent enmbodi nents of the invention, the osteogenic osteoinplant

prepar ed accor diltg yed atftwtherebjeodofdhe inlverticnrte gravidean esteogeniciosicomplast ino i ts
final size by the anatom c constraints of the bone-derived el ements from

which it iswhRHat lekdtlonk slitfee cah be tréaté@Rbeucela iSibRGattBsle to any size so
| ong as an appropriate anount of starting material is available. In

ong &S an appr opr i at e ting material | e
hydrat od st ate. THE &7 g OB IR B ifto ploy B et belcint

abi it ylsof 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.
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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 herewp f28hfss to bone that is cortical, cancel | ous Olp

_ . CT/USO]/20220
cortico-cancel l ous of autogenous, allogenic, Xxenogenic or transgenic
origin. The term "dem neralized" as used herein refers to bone containing
|l ess than its 20 original mneral content and is i ntended to enconpass such
expressions as "substanti al I y demi ner al i zed", "partially dem neralized" and

Lty dem ner altedhen Uk £ AGEL Db (EXBEASEA MM iRBBYLkS 2 Y

dem neral i zed" bone Srive 0ssessin Yabout 90
. wei ght percent of ir i nal nlc 7 SUBS | TUTE SHEET (RULE 26)
WO 02/ 021, @melrmé@f%e%hﬁpﬁémmp b6 Gininvaniona BWE & tBAHIMRIAYed al | y

demi neralized" refers to bone-derived el ements possessing fromabout 8 to
about 90 wewrgncmpeilwmmmd tpHéﬁeﬂnmm@ that hava grvgihyelume eégeepter Brinaheutand t he
expression "fully dcm neralized" refers to bone containing | ess than 8% of
its origina2%ineral context. The term "osteoi nplant” as used herein refers
to any bone-derived inplant prepared in accordance with the enbodi nents of

this i nwention ange édﬂ&fgeﬁiﬁroetebﬁn}iliﬁtelﬂdﬁ'dint/altid’mib udehelxinn&abdrqmor&uch as
bone nenbrane, bone graft, etc. The term"osteogenic" as applied to the

ost eoi npl andst@fimplahts, 1.8 V@knER rﬁr\‘%ﬁké o8 WOSESIOhREchsas ab&{t 2000 AficrbAs bdig
ability of the ost eol rrpl ant to enhance or accelerate the 1o ingrowth of new

bone tissue.jpy 19@%% ner:ﬁe'Eﬁﬁ:'a@ﬂﬁe?ﬁrﬁhéb’s%bg%ﬁlc%k@ﬁhﬁl%@f‘tmn@&qfoﬂrherem

osteoconductl on e term "ost eol nducti ve" as used herein shall

under s100d 4, Yethfifou V«\:ﬁltgrﬂ% Bant i %8 eﬂsnms‘&@%&u&%&wa‘ e@aﬁe arfepsform

cells fromthe hos Rave entiral ftor repalrlng one tissue. ~ 5
The term "os cond used h rei un od to refer to
he abi 11 1 yFebrerataty s i £ Sraran o F uveron RePIs P fascBesrfef o ar
receptive to the growth of new host, bone The term "coherent” as applied to
the mask of2 E@ﬂémﬁéh‘? {reRlans sifand Eetainy ik architsciuse evan affer Qe@mﬁw WO QEr i ved
el ements to adhere to each other either nechanically, g: by 20
ent angl emendyringrinipéantition; white providinganimplapt that ctanoqugabno gacahipitwithcthe
regardl ess of whether the nass of bone-derived elenents is in the dry or
wetted, i.ehosttiymieated, state. The expression "nechanically shaping” or
expressions of simlar inport as used
In a different embodiment of the invention, the fully demineralized bone-derived
particles, i.c., 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 the 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
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herein shall be understood as referring to the application of external
forces, e.g., 8 SUBSTI TUTE SHEET ( RULE 26) WO U2/ 02156 PCT/ US01/ 20220
conpressi wa o@aigral , etc., to the coherent mass of bone- &hﬁﬁﬂz nent s
t hrough any suitable neans, e.g., pressing, rolling, etc. The expreéession
"void vol une" as used herein shall be understood to refer to the anount of
non-sol i d space contained wthin the inplant of this invention and is
determ ned by averaging the area of white space in each field of stained
sections of i t J i L ks i i | unme
ahd)r IBRAR and BV ARE ats‘ﬂ?éhq%%ﬁ:gﬁ%ﬂ&hﬁﬁ%ﬁ?g{] BerfRRoll fLo¥o

even if it contalrn su cet at a [ enper at ur e,

. e.g., 0.5 to 50C. The expression "form hol ding" as l.i.ed.ta thi.s

i nvent i on r BOSFRITED @ﬁ@rg%?rp?gg;}'bg&n}eﬁgo%}né/ﬁ?tl heﬁ%’“ﬁ@? gylﬁ%enblp‘:rg,lzqdo or
during inplantation and then characteristically 1o returning to its
origi nal ar bene-dartvgd émplapkef thisinvantian, ashng agwn impepmeableembeang; KIYRS" as
utilized herein refers to the ability of the inplant to maintain a
pr edet er m npdmstibps sdwericran¢abrane snpaglingiesiaogenic astdpiorplantpike preperting whilse
expression "non-|oad-bearing” as utilized herein refers to the
unsui t abs | i pievertirghiagiowieof softiedseiThidie dspedidlly ingpoetantin/thaiisiancy where
applications, i.e., applications where 15 the osteoi npl ant woul d be
expect ed t ogiifshad @RfodtReIcRE LbmplctdofhigtBraveLhe byRe-bRINGE sAé N, fidge M8y or
di rensions. Rather, the invention herein is envisioned as being suitable
for those appl | {on k ' ] NEoe woul d
be largely &F%@%ﬁ&{oﬂbff%‘%éff%&ﬁ# tﬁiﬁ 8?%?b@q%t%&hggfﬂ%{gﬁn%@:%%é%ggﬁégorf orce
will be applied ft ol.tRe ’g@t eoi,npl ant hdue ho the forces) exerted by the
tissues) ovE¥IYilgiaHRe f‘%fiﬁ&‘%ﬂ{c, PRFEAYRRver) such forces) woul d be
applied along the m nor dinension and would not be of such magnitude as to
be consi dered asIne¢achiof e djifencptraubadipents of theppyveption, dReosiepLeniGi ded bone
regeneration” (GBR) or "guided tissue regeneration" (GIR) as applied to
t hi s i nvent psiepimplant prepered laecaadhing it the atethateof this|iavention isnos UBSED RYREILSHEET
(RULE 26) WO 02/ 021A PCT/ U S(11 /20220 induce sufficient bone growth
bef or e conpéhaitsizedy thastasmigrcnstrgnts of thetboss-derivddlements from which it is

made, but rather, it is capable of being made to any size so long as an appropriate amount
of starting material is available. In addition, each of the different embodiments is flexible
when inthe 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
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epithelial cells fill the bone repair site. The term "occl udi ng" as
utilized herein shall be understood to refer to any operation or process

whi ch redywe@snilde porosity of a region of the ostegenic optppkslopt t hus
rendering such surface area substantially inperneable to the 1 ngrowh of

soft tissue, i.e., undesired cells and soft tissues that are conpetitive to
bone formation. The term"integral" as utilized herein is intended to
differentiate the ostegenic osteoinpiant of this invention from

ost eoi mpl angysnelicehteAt, theCeXPRIsEIBA “MirlilllyAdhiiRea R} QI Réfers t8 boNB bt vede éTRéRs | al .
In the instant 1 nvention, the osteoi nplant and zone of to inperneability

et o1 orm 2osSisithe 3T A B0 by Q0 wddeRE o ARk bR o GRRESARARE ° =

el ements" or expressions of |}, import,.shall be understood as referring
to pieces of® ‘Eé"$ legpregsien )y ge °£%‘§th%¥%?<%‘§°§‘8§°&%8“%% Tap 2% ons
including elongate particles, particles, fibers, strips, powders etc.,
which | S cefritstasiginl auperal gptext| | i ng, shaving, cutting or nachini ng whol e
bone with the proviso that such el enents are not envisioned as containing
| ayers a6 set f oFhdteim "ost@implantias used h@eiggeles30 anpROEFAMRSERAMPIANON OF THE
DRAW NGS Figure 1 is cross-sectional view of a shaped nmaterial prepared

accordi ng tgrepar&d inacoldhade wito theZenfiddintends offthigunwenfion anditherdfore-is itdridedal
vi ew of an osteogeni c osteoi npl ant prepared according to Exanple 2 herein.

10 SUBSTI T%%&hﬁ&p@&bﬂeﬁs&ﬁ%as Y& ngm,tbd?l@gif@@ad,zozzo Figure 3 is an

enl arged perspective view of the assenbly of a bone-derived | am nate

| plant of the | OfubiieRich o A5s1fRAT 1 dsbfiatorRRS tdvehtidh shall be
dem neral i zed shaped bone rmaterial "‘alternating wth other |ayers of

partiallyde'nrlizig %’o er.tak r i + (als.
Figure 4 i smgjlﬁrsgon%aqség 6@ g}g% ?i\’)@ o\mevx(/; S'(t)@hg ont§ °8§§f°\‘7§3§ A é}tgmaeaof t he
i nvention DETAI LED DESCRI PTI ON OF THE | NVENJI ON The ost eogenj ¢, ost egi npl ant
of the P esBBOWhOEREY BANCHITHE P 8RE GRMaKJReRgaRIEMS SR agpsiromdyetgqneandyor;
part, elongate bone-derived el enents having not greater than about 10 32%
voi d vol unmeosteoconduction.
The term “osteoinductive” as used herein shall be understood to refer to the
ability of a substance to recruit and transform cells from the host which have the potential
for repairing bone tissue.
15 The term “osteoconductive” as used herein shall be understood to refer to the
ability of a substance to provide biologically inert surfaces which are receptive to the
growth of new host bone.
The term "coherent" as applied to the mass of bone-derived elements refers to the
ability of the bone-derived elements to adhere to each other either mechanically, e.g., by
20 entanglement, or bending; or, by the use of a biocompatible matrix regardless of whether
the mass of bone-derived elements is in the dry or wetted, i.e., hydrated, state.

The expression "mechanically shaping" or expressions of similar import as used

herein shall be understood as referring to the application of external forces, e.g.,
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To fabricate the osteoinplant of this invention, a coherent mass nade up
of, at least in part) elongate bone-derived elenents is first produced

fol | owed Wy (aReRani cal |y shaping the mass to formthe ostgegeRhGo220

ost eoi npl ant. The osteoi nplant of this invention can have a wde variety of
properties and characteristics dependi ng upon the ratio of 15 el ongate
bone-derived el enents to bone powder and the degree of dem neralization of
t hese bone-derived materials. O course it will be recognized by one
skilled in tormapmstive,datevial, che..tththe dohorent mass afbone-dérbecd|ojements throughtamit t he
selective addition of bio-conpatible matrix as well as any additi onal

treat rrent(s];uimfbldrh@ar@Sé.F.Qbf@iiﬂg]troang;élb.s i nvention before, during, or after
processing or, optionally, after processing but before or during 20

i npl antation wi| &H@Eﬁﬂeﬁwne%idt\h%urﬂ 'OR&Iskd Rsre Mol BRLAG &b Std fefor % g'fehe
osteoi npl ant of thrs’invention. Such routine variation 1s envisioned as
being within

th cope of this invention as.detail in the specification
and" oxanpl et RUTar o e sl P S Ch b RS orfs Wbt 75 s
PCTI US01/ 20220 The, bone el enent s-cant.ai ni ng .ost eolLnpl ant. fabricated . in
Fcor darbe detemmint & deseaioh rarea at it spach i segosdl o Naingd secrons e
content ranging fromabout 5 to about 100 wei ght percent, preferably from
about 20 toimalantt Syoh epacgill be cersideredtederioidkvainme evebifjt dontsmssbabstance t o
about 85 wei ght percent, based on the wei ght of the coherent nass
cal cul ated that Bniguid drRaibat Ccmhpesdtare] ag., 0fs°tdis0herent mass. In a preferred
enbodi ment, the coherent nass contains at |east Sone partially

demi neral i zed cofpheplprakict! IREPhSIdREM Ss Siplicd tsihed iBVUEOR raREY BthdMBrywder .
In this enbodinment) the preferred fluid carrier is the water and/or "ot her

In this embodi ! dcarr | and or "ot

e not al 1 2P by e b v R0 d ol lflh B RaRERRicafl U,
teoinplant of.this i i h,fl.ui i i db

yophi | Fat TSSmiE Y i oS PRL RIS ARFORRABA o i ng packagi ng. al | t hough

of course it would be entirely suitable to store and/or ship the

ost eoi npl ant as {8 teryz ehapegptaining”as phifizedchegein sefersiip the abpiy of thedmphantter py
ot her nethods. Optionally, depending upon the hinder which nmay be used, the
bone- der i vethagitainamredetanpingd shepd gven @femids rghydratiproandies implaniatiohner al i zed or
any conbination of the two forns. This enbodi nent of the invention is form
hol di ng, i.e., i Thesxmkdstont ‘mondoaibeaanghacutilized heredefees i the dnsudmabihity eft ur e
created during formati on of the osteoi nplant herein, even after rehydration
and subsequeftineaitioh KefeirPd behititiRed Byl o 8d-BékTing MPBEaBbRY, Y.eDbpSlicatiOndPWhétdr | Ng.

i npl antation. Wen this enbodi nent of the osteoinplant is to be enployed in

a form hol dythsfolfhhtQPould be expected to withstand the application of compressive force

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
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20 non-dem ncralizcd and/or superficially dem neralized bone-derived

el ements can be concentrated in that region of the osteoi nplant where the
desired f\WQpmprisk be maintained. By fabricating the ost eog@-p,iugm%gﬁoi mpl ant
frompartially dem neralized bone el ements, the process by which the

ost eoi npl ant breaks down woul d i nclude both 12 SUBSTI TUTE SHEET ( RULE 26)
WO 02/ 0215G PCTI US01120220 renodel i ng and incorporation with the host bone,
while the architecture is nmaintained throughout the healing process. The

partial |y defdueesdticRat Reerslpthinetste ebBPRRtIve, RSCABRHWIRS 5Pl ahd Ve _
properties and are capabl e of participating in and accelerating the Healing

process. N?hé}ﬁge?%io‘%f?% ﬁ"l’lr{ﬂe ﬁ&l{e&gg%ip?%e al so maintained. Being sem-rigid in

5 nature, ment 1S of allowing a small anount of necessary
novenent and | oag,transfer. at fhe repair site In yet a further enbodi nent
of 'this. i nvent | ofhe (B abdudngs Fouf AR bt Shat be SedbioRels TIRJaARE e ways
with other simlar osteoinplants or other materials to forman osteoi npl ant
of |am nat eow,rpteormrrpg@qeﬁ%{\rfﬁwh.re%r:s tie paAsHy of ayegian ¢ffthe pteganicostegimalant of
10 the invention herein can be, through chem cal or mechani cal neans,
caused tH athwerendeongsich sotfheergremsubstaptiallyriaipeymeahic to the ingrowthtofisofitissuee. g. |
reinforcing fibers, fabrics, nmeshes, etc., between sone or all of the

ost eoi npl an.e.| gydRkived GUE nd 6Tt fssues (NBE £E cahpetiveelto BbAd PEmAtisHN known
ost eoi npl ant | am nates such as those disclosed in U S. Pat. No. S, 899, 939

in that the finalrh&iehR “AMebrd’ Gl ulifsddHefeilid intchBe R dfriieitMe M dshigehiet al

anount of starting 15 donor nmaterial avail able rather than the specific

size or shape. Q ] V.S . e. .k N a
oot orred cnuparmAE oAy Horl Bhedinpla b E BeCombed R sarf 12 o
el ongat e bope-.derived el enents . in conbination with bon owder. The ratio
of el ongat eDHERCGRPAPE AN i e S35 TRl PLeoUBR BRI IZBE ! 1: 0 t o
about 20 1:4. The bone el enments of this enbodiment of the invention will be
processéll simpermezhilitynse integsalavithoenn aethesfl.e, feevase indiyisihbnnteregnnpctedso

bet ween about 0 and about 100% based on the original mneral content of

t he bone el aswerfosm asBighelBaiTied WheleSHEET ( RULE 26) WO U2/ 021sC

Use of the expression “bone-derived elements” or expressions of like import, shall
be understood as referring to pieces of bone in any variety of sizes, thicknesses and
configurations including elongate particles, particles, fibers, strips, powders etc., which

15 can be obtained by milling, shaving, cutting or machining whole bone with the proviso
that such elements are not envisioned as containing layers as set forth in U.S. Patent No.
5,899,939.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is cross-sectional view of a shaped matertal prepared according to U.S.

20  Patent No. 5,507,813.

Figure 2 is a cross-sectional view of an osteogenic osteoimplant prepared

according to Example 2 herein.

10
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PCT/ US01/ 20220 In yet a different enbodi nent of the invention, the bone

el ements that, conprise the coherent nass, present in the sane ratios as
descri bedw@gpxeiseM || be fully dem neralized prior to bei pgriRehankcal |y
shaped into the osteoi nplant of the invention. This enbodi nent, although
being very thin, is relatively inflexible prior to rehydration acid is form
hol ding while dry tending to return to its original shape after
deformation. A preferred variation of ;the abgve enbodi nent requires the
addi tion of betwEtgwrebian enterged passeetigovipw of therassgmbli pfa borg-dereedt ot al
coherent nmass prior to being nmechanically shaped of a bio-conpatible fluid
carrier thatlamaat ingplam of the imenhton hgremrpossessing ddyemrof petiatly demineralizedt hi s
enbodi ment of the invention, the osteoinplant is thin and 1o without form
menory. Thershiged®oh nfateiabaitiri@ivig with ethed 1ayerabl parfifltl deniasfaigdddhhyed ls@feul
in applications requiring an osteoi nplant that applies mnimal stress,

i.e., it dogsfed aflilRf Uftfonh@afelEKk! Yi ng soft tissue that is closed over it:
O course, as Is the case for all enbodi nents of this invention, this

particul ar enbodj { |V b . ender it
i nper rreagl eto Sg%ﬁpe[? gsgtr’}é%ﬁ%érdc?\%ﬁr#&p&%ﬁ ng%gﬁﬁﬁd lq?mlﬂﬁtgtogﬁ%e; an
osteoinplant that readily acts as a barrier nenbrane. As stated above, all
such combi n&YBHE™and pernutati ons of the bone el enents and/-or fluid
carrier and/or optional materials and/or optional treatnents, as well as
any suitabl @EME&D DESERIPRION RF FHEMNYENTION shaped ost eoi npl ant, are
envi sioned as being within the scope of this invention. 20 After
mechani cal | y shafihe@stehgenicsostenimplaanef thé ptekent iimweativn comprises es aggrogate above,
a region of the osteoinplant may be optionally occluded to reduce the
porosity of pijdgtuplofit MhstiA paft, él6ngaeeTblsie-doRivbd ERAeR3 hatiRe MBEadehter tHan tabsut
ingromh of soft tissue. The osteoi nplant can al so be optionally pre-shaped
to a spegifigof Of , Sheet, plate, dish, 14 SUBSTI TUTE SHEET ( RULE 26)
WO 02/ 03?; G%é’l’ﬁh%?’ 220 tunnel, cone, tube, etc. and/or
t hr ee- di nensi onal hitecture prior .packagi ng or imedi ately prior to
|l ant at ] on.  DelBriaPEIS {96 ASEREIRIEE of M€ MR REoersHt TATE BHABHP B5€Tof ¢ he
osteoi npl ant of this invention, optional treatnents) e.g., protein,
nodi fi cat i ongaskididiart, elengate Bensceariysd elsmentsis frsh fraduged @ugw%gx agchaieally nay
be provided either before, during, or after production of the osteoinplant.
Such opt i onahagingthermaass ¢o form theostengenisdstesirhplantg Thie tobtiepinant of tpe inkntidr s
i nvention. Production of the Coherent Mass of Bone-derived El enents

can have a wide variety of properties and characteristics depending upon the ratio of

15 elongate bone-derived elements to bone powder and the degree of demineralization of
these bone-derived materials. Of course it will be recognized by one skilled in the art to
which this invention most closely pertains that the selective addition of bio-compatible
matrix as well as any additional treatment(s) of the osteoimplant of this invent’ion before,
during, or after processing or, optionally, after processing but before or during

20  implantation will also affect the properties and characteristics of the osteoimplant of this
invention. Such routine variation is envisioned as being within the scope of this

invention as detailed in the specification and examples herein.

11
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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 eaggdrapidei 0 di sinfected. Bone-derived el enents capchgishBadhd v
obt ai ned from donor bone by any one of several nethods, e.g.) as described
in commonly assigned U S. Patent Appln. Serial" No. 09/211, 310, filed
Decenber 14, 1998, incorporated herein by reference. The bone may be
cortical, cancellous, or cortico-cancell qus, of autogenous, allogenic,
xenogeni ¢ or trafdgdeneelemenfssontaming osicoimplapt fapreated mpseerdangsakithythis

dem neral i zed bone-derived el enents can be enpl oyed. Mreover, one or nore
of types of ditelvsmenvallityschllypussaiga bomziclenemmontentmanging frmphlmpne d to about

conbi nati on wi sh non-dem neral i zed bone-derived el ements, i.e., bone

derived el emgmiveighbpércaysrcteiblPRBM bl BrioaBoli)BwEigRl ptedent,iapdimdd _
process. Thus, e.g., the weight ratio of non-dem neralized to dem neralized

T s G s

anounts can erm ne ed Inthe art on a

case- by-case bhasi routine expernien pon. | f jred, the bone-derived
el enent s cawaﬁsecarlr%é?ng WS “beﬁearggalrsf%%é&%{/@? c%bcé?n?%f Bir protein content
can be augnented._or difie s descrihed in U S. Patent Nos. 15 SUBSTI TUTE
SHRET (RULE 26) - IV Wpfeamieg STt BRGS0 rals SOmiains |easasomepaiote ¢ e
contents of which are incorEor ated by reference herein. The bone-derived

el enents caderpaerdiaedeantent oh elngatglbonerderivsk glements andier hone @ewder Hnghis

bi dders, fillers, fibers, nmeshes, substunces providing radi opacity,

pl asti ci zer smbidioehgtheyprbfeced dald cagiertis thesvatéraand/on othey uri(s ehainadidlonpe

| i ke, prior to, during) or after conpressively shaping the particles into a

desired confithépdriicles §ttngQhe PRk Essitlg, .46 demitepilRBLES of e HoBe eRddintgsiom t h
t he bone-derived el enents by soaking or inmersing the bone-derived el enents

in a sojyti | i i - di stidist ; Vi
adni xi né,djt | 8 Forfl B OB I cfbinknt BE it AR r%%ﬁ?ggﬁ%'a{;ﬁ%el? rafbveloy |\

Suitabl e bi [ah kel s BolagiaaebiglSPluas, SHHAD {1 MU, & s i

fibrinogen, MUSS esive pro colﬁagen,
casein, gelatin, albuqin“ keratin, c it%n 9@ chi t ogan; cyanoacryl at es;
epoxy- based "CBISHRAFIECTY kIR ©stact e ghipihe oSEPIIRIET A8 ISR, Por ami b
(such as apatite-wllastonite); dental resin cenents;. glass iononer
cements: nodlsBAEH todBmeve b ivd catienbyathergnstheds, |Qntionaliy dppendigg upon

met hacryl ate, polytetrafluroethyl ene, polyurethane, polyan de; _

gel at i n- r esthedimdsr whichfmayrb¢ usedythe bgherderived wlénzaptsmby be thllyl dessnerabized drc
resins; bioabsorbable polynmers such as .

15 fully mineralized or any combination of the two forms. This embodiment of the
invention is form holding, i.e., it is able to retain a specific, predetermined, architecture
created during formation of the osteoimplant herein, even after rehydration and
subsequent deformation which may occur immediately prior to or during implantation.
When this embodiment of the osteoimplant is to be employed in a form holding situation,

20  non-demincralized and/or superficially demineralized bone-derived elements can be
concentrated in that region of the osteoimplant where the desired form will be

maintained. By fabricating the osteogenic osteoimplant from partially demineralized

bone elements, the process by which the osteoimplant breaks down would include both
12
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starches, polyglycolide, polylactide, glycolide-lactide copolyners,

pol ycaprol act one, pol ycarboxylic acids and their copolyners,

pol ycar bopgs @5021430! yort hoest ers, pol yam no aci ds, pol ycyaw%mﬁﬁg,

pol yhydr oxybut yrate, pol yhydroxyval yrate, pol yphosphazenes,

pol yvi nyl pyrrol i done, poly-propylene fumarate, poly-propyl ene 20
fumarate-di acryl ate, poly {propyl ene glycol-co-fumaric acid),

t yrosi ne- based pol ycar bonat es, pharmaceutical tablet binders (such as

Eudr agi t bi melnodeliagand aiwoepofratmm with (he hdsterone,ayhilatbe hrchipedtyreiimyhajpyainegd | done,
cellul ose, ethyl cellulose, mcro-crystalline cellul ose and bl ends thereof;

. honbi oabsor lﬂﬂbh%dﬁﬂlﬁéﬂﬁﬁﬁngsmbesasTﬁ@FMﬁﬁlﬂ)}/H@hﬁcraﬂi@eMeﬁU@&el&ﬂEﬁg (RULE
26) WO U2/ 02156 PCT/ USUL/ 211220 pol ynet hyl et hacryl at e)

pol ytetrafl 3 iBane ﬁ-?a'g d in arfesd It nd
bl ends of tgé&F %{%gégﬂgdgcg?éey ’lg{)g'g sul tﬁﬁ?@g{%e e%{ﬁag&’géﬂ bi rfgéél?;ﬂv\ﬁxg?h@
typically represent f L I e t . bone
particle coﬁ %lllln ipﬁ%"eé%?#gé‘g?‘?’?ﬁ%‘% ?an%%ﬁr%%ﬁﬁ%rgé@g‘r@ﬁgga{ng&f ggﬁgﬁargi'ﬁgn@ﬂaped
material. The preferred.binder, i l.ycal i de-| actide ol ymer. Suitabl

[T bere § nohtiEs Bieamadime ieditgt plovang gl amoutt SIeeet Ty gy epsnfind
fully mneralized and garti_al ly or fully dem neralized cortical and

cancel | ous Insddrapsfenahthe BpAir sithic| udi ng particl es such as denineral i zed bone
powder (or "dem neralized bone matrix" as it may al so be called); sheets
and shaped bone pi pgtasfurthéraybedimant obthiinvensian; theabayd estesimplantgan beor
synthetic polyners, e.g., bioabsorbable polyners such as pol ygl ycoli de,

pol yl act i decomgbinedin dricna etaysiwith ofher yimalar osteoithpldnts b1 dtker materdialotboonabl e
materials such as starches, polynethyl nethacrylate)

pol yt et r af | gg@eQgiphHt 8NRAmiRALYiPe@bhdARtioR OFMedxpRI) Baye R IiNE SéoimpRuOENI C
bone (i.e., bone mneral only, with the organic constituents renoved),

dentin ot | it.e [ Sed oY
phosphats, - Hhralogtion HPIeRRER.er Ak ol B0 Eeha LAl AERP S4B ABTLS ot
materials; Calciumsalts; etc..and m xtures of any of e foregoi nq. \Wen
ot oyed |t et o opganaDi v PihgT elablr e S Ribirne ogs ARt BOAS: ght
percent of the bone particle containjing conposition) calculated prior to
form ng t heeshigreerspaeionpll offthe ogteatmglant dayers. | Juch lammateanaiprids will differ
particul arly hydroxyapatite and m neralized cortical bone powder. 20

Sui t abl e fi fienmsknavol exieimalapblamindbesrsuclf gs thobd diecloseddin S M), Na 51399887 in
fibers; tendon or liganment derived fibers; keratin; catgut; silk;

cel lul ose; et tHesfatal sigelbnd Srchitdclire 84l be @etgrminkbd BY BAoRNsmOGMSf staftig yners;
pol yet hyl ene; Tefl on; pol yurethanes; Bioglass; hydroxyapatite and ot her

Cal ci um;phogphiiatbBi18Vhidble fatheAHanKEE speEific!sP@lor shape of the usable donor material

available.

For example, in a preferred embodiment of the invention herein, the osteoimplant
is formed of clongate bone-derived clements in combination with bone powder. The
ratio of elongate bone-derived elements to bone powder is between about 1:0 to ablout

20  1:4. The bone elements of this embodiment of the invention will be processed such that
the mineral content of the bone elements will be between about 0 and about 100%, based

on the original mineral content of the bone elements.

13
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| 7 SUBSTI TUTE SHEET ( RULE 26) WO (12/021s1 PCT/ USQOL/ 20220 shape; Al um num
oxi de; etc. When enployed, fiber will typically represent fromabout 1 to

about 30 wej @hbigercent of the bone particle containing CepRRgH AR
calculated prior to form ng the shaped material. The prefcrr§§ %ber IS

col l agen fibers. Exanples of neshes include for exanple, fabric or nesh
structures containing the above identified fibers; netallic neshes, e.g.,
Ti tanium and al |l oys, Tantal um stainless steels, Cobalt chronme alloys)

Gold, Silver, Pl # g%ﬂf%ﬁtg %Wﬁngmf?yﬁqv%dgﬁagth\éﬁblohe E%@:eﬁ@lt}'l&f cBElﬁf'i?esent

fromabout 1 to ab ercent of t ne partircle contal Al ng
conposition,, calculated prior.tq form the sh mat erjal . . The preferred
nmesh is ti tQPﬁﬂ?b?FWBEW?SSe Br%rlﬂ)ﬁ’@§a’3? r@@ﬁgﬁ af‘ﬁ?gsg‘f%i?é{ﬁwmgber@w opacity

i nclude for exanple, fully mneralized, bone partijcles,. Bariumand |odi ne
cont ai ni ng SERPIAIGED BRoY H’ﬁ%i'?‘f%ﬁ%‘fﬂ}ay. %’.“‘P ‘%&Fq hgoggrima @“é?E]H‘GBHY‘?'ﬁWP-

Sul fate for Suspension) |opanoic Acid) and the |ike. Wen enpl oyed, .

subst ances Thissambodimenicalthoush beingwery thippis selptively indlesibigprigrite sshydeation1 t o
about 25 weight percent of the bone particle containing conposition,

cal cul at®d pnd isrform Boldingf whitd dry tendingstieapiarn teetscoriginal shape aferdafpmaation.
substance inparting radioapacity is bariumsulfate. Suitable plasticizers
include |iquid pohyphrefetakyaratopofithd absweodmiglirgént cequides themddamatafbetween

di acetin, pluronics, polyoxyners, block copolyners, oils, gels of colloidal

clays, aquegsisut J6ks akut 90 parebm HyOLigRICT tisdketh! oshegétt aldseprigeebein et hy!
cel l ul ose and 2o hi gh-nol ecul ar-wei ght pol yet hyl ene gl ycol ; thixotropic

agents Such, s kAR BN B Um0 i Echa Ul FHAFIAARAAAREOGB mpBAL U T O

of pol yviny pol yvi nyl pyr i done, ul osi c ester suc

hydr oxypr opyl hyl,cel | ul ose...carboxyl hyl cel | ul pse. . pect.in,. - gr ade
Foxt ur o1 ngbiepane: defBiikién” M PRRSIRen SR o Gch, iR SricBaialis RS R T
(RULE 26% \éﬁ) Otg([ 021SG PCTé_gS%él/&ﬁlZZ&(g%drol Xzed | yacrylonitrile,
hydr ol ylbd BEPOUPym mATRY. SBrRre s GMoadimenidntonfoptabldend F etpesially sal ¢
hydrogel s, gels of colloidal clays, agqueous gels of organic polyners,
useful in applications requiring an osteoimplant that applies minimal stress, i.e., it does
not disrupt the overlying soft tissue that is closed over it. Of course, as is the case for all
embodiments of this invention, this particular embodiment can receive further
treatment(s), e.g., to render it impermeable to soft tissue ingrowth, resulting in that
15  instance an osteoimplant that readily acts as a barrier membrane.
As stated above, all such combinations and perrﬁutations 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,

14
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such as gel atin agar, pectin methylcellul ose, and hi gh-nol ecul ar-wei ght

pol yet hyl ene glycol, chitosan, other materials that can suspend particles;
etc. Wienwgymlpoyd, plasticizes will typically represent fHreRsaPaise 10 to
about 90 weight percent of the bone particle containing conposition,
calculated prior to form ng the shaped material. The preferred plasticizers
is glycerol. Suitable biostatic/biocidal agents include antibiotics,

povi done, sugars, nucopol ysaccharides, chlorobutanol) quarternary ammonium
compounds s nzal r ahydr oxy
benzoat es, %ﬁé?‘l’iﬁg %b gl%’9 H%ggirr\@t %@ﬁalhagélgﬁgf& éﬁ%ﬁ“ g@%a mgl%)gnzm o
acid, dioxin, EDTA, BHT, BHA, TBHQ _gal |l ate esters, t ocopherols, gum
guai ac, | eciPmedatelpprior t%(’:‘PBra“@F‘P’Pl Peprorms ypopyhe ?ﬁﬁémpﬁne&’épﬂmé@déﬁis
propi onates, Sul fur dioxide and sulfites, nitrates and nitrites of

Pot assi um anst cidbe ostcoimplanhgf thpynmpbmnﬂpeal tRetments, gigaqeotginonodifipatiomy | | t
5 hexanet hyl ene tetram ne o-phenyl phenol, and Sodi um o- phenyl phenoxi de,
etc. Wen eaqﬂiﬁmedﬁbimm:mﬂolewrthﬂmtiwwba@mﬂs, etc., may yppipealided aithpr eeferet from
about 1 to about 25 weight percent of the bone particle containing

conposi t3 onduriyg, 61hfdreoduiction of the betesimplant hSuchemialeébmnemt are Baeisfoneder r ed
bi ostatic/biocidal agent is antibiotic drugs. Suitable surface active

agents i ncl 4deitdWithinQROSIRAPL Pl MOBHtAI C, cationic, 20 anionic and
anphoteric surfactants and m xtures thereof When enpl oyed, surface active

t owill | 20 wei gh f
f‘gg”bo‘r’]“e bRl Gitin' of thEBLRGERMAL QP BIROUL rivedFled a@eg pri‘g’f' ?Otfgf:ﬁ‘:ﬁgttge

shaped mator i al SUBST. SHEET ULE .2 2/ 021] SOL/ 20220
L oai 11 be under ToChaeRORh L Ee Rt ringfd *awfx\o tfiging FishBgs SRR o
of optional bstances i S no nt e d t.o be e and thai ot her
mator i al s bR FERIH oo SIBEPUE dotar BoBathat s BEeR B s ce of

t he present |n entl a vari et of nedically and/or_ surgicall

usef ul t.@ﬁla %%%&ve%ﬁewemﬁ G pisAdileadtained é‘P"‘a@%‘@éP'&'ﬁ"eW WHEHE t he
bone- derlved el errents ei ther before, dur| ng, or after preparation of the
ost eogeni ¢ ofsexerahpethads, e as degoriped imppmmeniyrgssignstd U Sc RatsntAnpinciesiakan be
i ntroduced into the bone-derived el enents, e.g., by soaking or inmersing

t he bone- deNpveX2 El,21p filel Decembsnl 4;t1988, imorpbmtedrhsfaimbpfcfedeacedesi red
substance(s), by adding the substances) to the earner conponent of the

ost eogeni ¢ 10 OsSTRObHHY iy bOEortival dehetélBub e coHidicanEALs 6f ft6denpud, 0 t he
ost eogeni ¢ osteoi npl ant. Medi cal | y/ surgi cal | y useful substances include

physi ol 0gi CaldaénR xFABEATBGP rakeERit bigin.

15 Mixtures of one or more types of demineralized bone-derived elements can be
employed. Moreover, one or more of types of demineralized bone-derived elements can
be employed in combination with non-demineralized bone-derived elements, i.e., bone-
derived elements that have not been subjected to a demineralization process. Thus, e.g.,
the weight ratio of non-demineralized to demineralized bone elements can broadly range

20  from about 0:1 to about 1:0. Suitable amounts can be readily determined by those skilled
in the art on a case-by-case basis by routine experimentation.

If desired, the bone-derived elements can be modified in one or more ways, €.g.,

their protein content can be augmented or modified as described in U.S. Patent Nos.
15
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active substances that act locally or systemically in the host. The

medi cal | y/surgically useful substances are bioactive substances which can
be readi lyo@oukisped with the bone-derived el ements, flui dpgpfkh@lorgnd/ or
osteogeni ¢ 15 osteoi nplant of this invention and |nclude e.g.

dem neral i zed bone powder as described in U S. Pat. No. 5,073, 373 t he
contents of which are incorporated herein by reference; collagen, insoluble
col l agen derivatives, etc., and soluble solids and/or |iquids dissolved

t her ei n; an#{MB250iadd 4,90R 2006, thecamtents bfvwbich efd iacorporatetids) refirertde Mereil
hepatitis; antimcrobials and/or antibiotics such as erythromycin,

baci traci n, TRe8ONEHérived@Minienitd ¢an, be%@n%dmbﬁb&mér@%ﬁ@ﬂzﬁ'shmﬁmepﬁlfémﬁ@ n,
chl oronycetin, and streptomnycins, cefazolin, anpicil azact am

tobranycin, bin dkﬂdﬁ{fyg' Iﬂm@%egﬁ&t m%&sg%\gdmﬁ%cﬁ&g&ﬂ;’/@h{?ﬁ z%;sl ¢ sugars

such as dextran e, etc. ani'ns; inorganic

el ement s; rot ei.n nt hesi s es Cri ne t ssue or
tissue f rag ﬁcjg ‘%B%d%fsfﬁﬁrﬁacg B@Péﬂiﬁ’é‘"géﬁgwweﬁ%aﬂ@@ or ah

PCT/ US01/ 2022(1 synt hesi zers; enzynmes such as al kal i ne phosphat ase,

col | agenhs eCOTPRIEES (RAX shapingdig 93@5%8 &tte a desigadyeqpfigyration. sgéﬁ pIINGEs afispeh
parenchyma) cells; angi ogenic agents and polyneric carriers containing such
agents; col $ld1§&ncdsa1atl ibe esmbinet imgthrthe benpedered elemesisdiyetvaking ge immersogythe | age
fragments; living cells such as chondrocytes, bone marrow cells,

mesenchymal b&ieederivel kkmenatit hablugish bAdispersigs bLiheaiabikad subgan@e by physicallyy
cells or otherwise nodified living cells; expanded or cultured cells; DNA

delivered byirpikapthé bod-déHved @&n®nts Rd the diredB3tancé,ahd Wee fkeanspl ant s;
dem neral i zed bone powder; autogenous tissues such as blood, serum soi |

ost 2o nduct i ve. SR ey MAREIELY ??ﬁd?%ﬁfﬁsggﬂﬁ%?‘ﬁ%ﬁ G e é%dﬁfﬁps)
ractor {ECTHhomh, YORRAMesFAPRILE! il o a&%&mﬁ% il VRS WBRHRDC UM

attachrrent ex?racts nsetrin unman
growt h hor nes EI der tgq,ai%rOWth f ctore?; i nterl epkins

i nterl euki n ainy, chifin or; etXEPAY Iatep: rfoﬁipﬁﬂ ﬂ?’BﬁlﬁFﬂg sealants;

transform ng grovvth factor {TG-beta); insulin-like growth factors (IGF-1,

| GF-2): pl abiepeivecgdass seamicsiineh asgpeiievqliopieniye); f‘?'ﬁ?ldﬁﬁl%ﬁm@‘r‘&v&lﬁsf actors

(FGF, BFGF, 15 etc.); periodontal |iganent chenotactic factor (PDLGF);

enanel mat rmomeo@@nms ngnbinetsoghadlediolyrasreneh ot padyacreetcopalymetby) ; hedgehog

famly of proteins; protein receptor nolecules; snmall peptides derived from

growt h f act methaatydate, pohdeteafinrasthylenes polyyretana,qwiyamidetgsiatingiesnrcinohe
digcstors; antitunor agents; cellular'attractants and attachment agents;

I muno- ssippfeaakichgde glaesyealligen-basddaphuess scrylic @sins;fladdbsorbabld pebiners swohcls as~
starches, polyglycolide, polylactide, glycolide-lactide copolymers, polycaprolactone,
polycarboxylic acids and their copolymers, polycarbonates, polyorthoesters, polyamino
acids, polycyanoacrylates, polyhydroxybutyrate, polyhydroxyvalyrate,
polyphosphazenes, polyvinylpyrrolidone, poly-propylene fumarate, poly-propylene

20 fumarate-diacrylate, poly (propylene glycol-co-fumaric acid), tyrosine-based
polycarbonates, pharmaceutical tablet binders (such as Eudragit® binders available from

Hulls America, Inc.), polyvinylpyrrolidone, cellulose, ethyl cellulose, micro-crystalline

cellulose and blends thereof; nonbioabsorbable polymers such as polyacrylate,
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20 laureate, nyristate and stearate nonoesters of polyethylene glycol,
enam ne derivatives, al pha-keto al dehydes, etc.; and nucleic acids. The

anount s ofyosdfelisgPt i onal Iy added substances can vary w debypifshih@gf i mum
| evel s being readily determned in a specific case by routine

experinmentation. 21 SUBSTI TUTE SHEET ( RULE 26) WO 02/ 0215G PCT/ USQL/ 20220
It will be understood by those skilled in the art that the foregoing |ist
of nmedically/surgically useful substances is not intended to be exhaustive

and that ot %1ymﬂlmetmu@ﬁta%gaetwrwh1>ﬁ&{é, p&utHate BN Bolpahidect@S W thin

the practice of the presént invention. e total amount of “such’optionally
added nedi cgl]. i cal J i | cal fr.am
Sbout 0 to arteRgEEhERehds 3 HrodiEhBRESubIC, IHBh BRIl MIBGerpifTL
from about 1 t.o about 40 _.wei ght rgen ased on the i.ght of,  the entire
conpost £ 1 on LT EessEh PELERUn B LA SRR TP G P Mo BETIAA | cvel s
being readily determned in a specific case by routine experinentation. The

preferred 1CentAEHEHMBRsEigPtateanlated paestg forming theshapadamaserial. e prefgaed c
proteins. The mass of bone-derived el enents of this invention can be
freshly prepardedisjghgolids-laciide oapodigsen ed quantities of the bone-derived

el enments, fluid carrier, if any, and optional conponent(s), i f any, in any

sui tabl e sequencgufible Gflarsahcdudd grapidted eIl Gariin; diokeRAni®y) 6ne gdWider; t he
bone-derived el enents, can be m xed with the optional | 5 conponents) and

ol amont s can Do d PRI b A7 e er PR PAREY anl s B e By
FFui d car i reboraiBte e shih i AR BRI B BPulistilebBadd S, ons
Acvant agequSIYEIX hd BN ESABE PO EREALSIapRUNTSGS e AORAR ZGBL | onal
i ngredi ents) are m xed substantially simultaneously such that the particles
of the a8t ebipsaramioor redimabdraynthetie pelymersy kgd .bio@heorg@hlh pelyofers sushiagat i ng t he
bone-el ement contai ni ng coherent mass whi ch can be advantageously utilized
her ei n i nvopebglyeolida pblyhgtide, ghyoalideJactitle bapodymier antethe 2ike StdnBidabidrbateiEET
(ROLE 26) materials such as starches, polymethyl methacrylate, polytetrafluoroethylene,
polyurethane, polyethylene and nylon; anorganic bone (i.e., bone mineral only, with the
organic constituents removed), dentin tooth enamel, aragonite, calcite, nacre, amorphous
15  Calcium phosphate, hydroxyapatite, Tricalcium phosphate and other Calcium phosphate
materials; Calcium salts; etc. and mixtures of any of the foregoing. When employed,
filler will typically represent from about 1 to about 50 weight percent of the bone particle
containing composition, calculated prior to forming the shaped material. The preferred
fillers are ceramics, particularly hydroxyapatite and mineralized cortical bone powlder.
20 Suitable fibers include carbon fibers (graphite or diamond); collagen fibers;
tendon or ligament derived fibers; keratin; catgut; silk; cellulose; chitosan; suture

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

Bioglass®; hydroxyapatite and other Calcium phosphate materials in whisker or fiber
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WD 02/ 021sG PCT/USO 1 /20220 el ements, of which at |east about 25 weight
percent preferably constitute fully dem neralized el ongate bone particles
as descri hashahewe, W th a sufficient anpunt of a suitabl b 9/?& jible
fluid carrier, e.g., water, organic protic solvent, aqueous sol ution such
as physiol ogi cal saline, |iquid polyhydroxy conmpounds, etc. (the earner can
optionally contain one or nore substances such as described above) to form
a dough-1li ke conposition. The carrier nmay al ready be present after the

deni ner al i ZghARN ARiBiRum dkiddielt. IVRASanploPed BBkl WRNGhichRY FpPiseRtefsin BEndded.
Sui t abl e bi oconpatible fluid carriers are known in"the art and arc

d i bed i . 77 . | . th
 contents.of Ak TP 8tan BBk e Sl alcl' ook B8 PG caalaf her o
the i ti her ei he .l i qui ' [ ligyid | yhyd d,

1iquld pol yRy BPEE Dbt e e, 2t beRne e sl b cor

pol yhydroxy conpound, |iquid sqlytion of sqlid pol yhydroxy conpound
derivative or m ¥¥amRLEsE g&eélaﬂs.mqlfﬁer@ee@eﬁ? f%rncc@gvffsgﬁrwumséomaau%thc
earner can be dissolved or diluted with an appropriate solvent such that
when conbi nabowsiitdéntified fiborse mitallic mdshes, eed. chitamium ohd alheysi Hantalume stainléssne
el enent - cont ai ni ng conposition capabl e of being shaped is provided. Thus,

t he pol yhydewesly, Cetahaihnesmesll@a] GhddSiwey, Platinunstedte, eWheaemptoyad, ephi will n t he
pure or highly concentrated state at anbient tenperature, e.g., 0.5 1to0

50C., or it (fachlgepresedt FEmOIboseMic i T vAdight Pefechted RS Bdrd fartidle ¥bHitsiRingase
it becones necesSary to dissolve the material in a solvent such as water,

Pol yet hyl ene Brgcat spe Pl CHHERC apd] HERRE), PR AR R ohol

etc. O coungg the liquid carrier can be made up of one or nore liquid

pol yhydroxytl Hﬂ% }% or derivatives in solution with one or nore solid

pol yhdr oxy compounds or derivatives. Likewi se, the |iquid carrjer can be
made up 1923 SUBSTExamplespfsupsiancgspmpaiting ragiprgsity nelusts forgyample, oY 22U of a
pol ynmer and/or polymeric m xture of any of the suitable conpounds nentioned
herei n. Mosmiperelized:bede partialesBar{unt w)d Idirecostasahgi¢canapountls gt ganepasitiongher e,
in a particular enbodinent, the particles exhibit a tendency to quickly or

premat ur el y epeBurRiheShifaenidBag@h Sulfite fonpapanionp lopafoiotAwd, iind ¢heskitte, | e out
fromthe conposition such that preparation of a fairly honbgeneous coherent

MasSS 1S rengeh&renplbied; Mtstaated iﬂ%ﬁu@;}hﬁaﬁacirktwm%i@glﬁéma&ﬁmﬁu@o@p1

i nclude within the conposition which forns the osteogénic osteoinplant an

T L T Al
of glycgrol (4 B @i SPhY §Riped Hthi S TROpRIHRALTbHincB i BRABIE FadiOipaEiP R barium

sulfate.

Suitable plasticizers include liquid polyhydroxy compounds such as glycerol,
monoacetin, diacetin, pluronics, polyoxymers, block copolymers, oils, gels of’colloidal
clays, aqueous gels of organic polymers such as gelatin, pectin, methyl cellulose ar'ld
20  high-molecular-weight polyethylene glycol; thixotropic agents such as aluminum
hydroxide gel and aluminum phosphate gel, solution of polyviny! alcohol,

po]yvin);]pyrrolidonc, cellulosic ester such as hydroxypropyl methylcellulose, carboxy!

methylcellulose, pectin, food-grade texturizing agent, gelatin, dextran, collagen, starch,
18
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of glycerol, and separation of bone-derived el enents occurs to an excessive
extent where a particular application is concerned) a thixotropic agent
such as dgeahlbpd above can be conbined with the carrier ppraR,papsnt
sufficient to significantly inprove the suspension-keeping characteristics
of the conposition. The anpunt of el ongate bone-derived el enments which can
be incorporated into the 15 osteogenic osteoi nplant of the invention can
vary widely with apounts of from 10 to ahQout 100 wei ght rcent, and

rel or abl y, PYURGBA BoDE0Y Raitlse Yol P tcyamienpo e ROV e afy
suitable in nost cases. Likew se, the anmount of the bone powder which can
be i ncor por aeldcryle acid isalt,dwdwgglsngads ekeodloidaprlays, aguaguy sely ofprganie palymers,
anounts from about 90 to about O weight percent, and preferably from about
80 to about sih asegelpin agan, peatin, mé&bylodiulgsceartd ghyndecutantweight polyethtylamses.

The ratio of el ongate bone-derived el enents to bone powder can vary between
about 1:0 t glyadQukitcknd-otildienddc et @b shsiRndphdiciesTdt@nWhegichplorde up of
fluid carrier and optional ingredient(s), if any. 24 SUBSTI TUTE SHEET ( RULE
26) WQ 02%#&&4&&@%& TyZBpréstnt Trof oI PR ABB1RH 90k eiphEpdréine BE tHebonk he
osteoinplant is formed fromfully dem neralized bone-derived elenents in
conbi nati on_\: i: t0-C I ig . i r#ed

b1 o- compat | BYC ArB A Pirpdtein; GERERbfiof bt e Biped WBFLE TR o
gl ycerol (v/v). This enbodinent of the invention results in an osteoinpl ant
that is con?@%ﬁ?ﬁeﬂlpéasgﬁﬁe@dﬁglgﬁerf’ﬁrther' subj ected to surface treatnent)
e.g., occluding a surface, .to forman qsteoi nplant especially suitable to
bar ner menbr ane §B‘;§*}hl%@PF%%@‘OFWa%PﬁéWIB‘?PU%mePé’ﬁ% POVIdORS SUBY¥Ent i on , the
osteogenic osteoinplant is formed from at least in part) elongate

bone- der i vethuebmalysaceharidess ohliorabatanoh quartdimany asmmanieh spmppyndsshoyte sal i ne
as the fluid carrier and/or binder. This results in an enbodi nent of the
inventi on t baizaikenilen etlpidd, orgahichrérogridls) phatdydrely benmatepetbhitic alcohols,

t hree-di nensi onal architecture, the architecture being retained even after

rehydrati O”hﬁﬂgerfiﬁéd%h'gﬁ&lis,%'arﬂ?é hQ8, BeRz&E aid! 8iB%inl BBITAD BT, WHA,TTHEQ, t he
amount and typ@ of bone el ements and/or fluid carrier and/or binder can be
i

vari ed dependin 0 i,ntended fin of . t he .ost.eal. ml . Form ng
t he Gsteoi nﬁﬁg’ﬁ?e#grs%b baﬁriﬁctoﬁge%gt %‘3‘6%!’\? g"s’ggc‘t'tilg" Eg?é;%%‘&’o lmtef?l%git’ fhvention a
coherent mass .of hone derived el enents ared. as descri bed above |s
subj ected t Blyﬁgewgwnw agifl SPIPTIgPTOBIPRRAICS IRM ﬁ@“’?“éi%é-egé fosspbates ﬁP‘gﬂﬁﬂteﬁ he
application of conpressive and) optionally, sinultaneous |ateral forces}.
Because t heofBotesstum andiSedivmn digthyp pyrpcarberaie | Sedivune digeeipfer dipkenylt he force
required to deformthe nmass is sensitive to the rate of application and 20
is readilby Hetammathylewt tetyammeto-phengbghenolyemt Sediom.o-gleayipbehoxids, eten Whert hi s
forces) can be acconplished by a variety of methods, e.g., pressing,
extrudi ng, empldyed, bigtaric/bAb&ibal agent will typically represent from about 1 to about 25

weight percent of the bone particle containing compositfon, calculated prior to forming

the shaped material. The preferred biostatic/biocidal agent is antibiotic drugs.

Suitable surface active agents include the biocompatible nonionic, cationic,l
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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necessary to prevent the mass fromsticking to the work surface and/or
roller(s), the 25 SUBSTI TUTE SHEET ( RULE 26) WD 02/ 021SG PCT/ USOL/ 20220
coherent (®se0dp¢ Pe pl aced between two flexible stick- re§b§hgpﬂﬂﬁﬂffaces
e.g., TyvekT"" 'sheets, or a TeflonT"" coated surface. In a preferred
enbodi ment the coherent mass is pl aced on an inflexible, inperneable,

hori zontal | y pl anar work surface and then conpressively contacted with a
revol ving inpermeable cylindrical roller with such force being applied as

i's necessary to fpwill beuetsesud By tbse skillddif tistent thercthe fsregsihe listdfioptional
Al ternatively, the coherent nmass can be subjected to a series of successive

t t

directi onal P Btlotendb t B oliRR B bEl ot ifeha b A S iRt L
h oth h t d th k f d. Such

cach o101 Lok e LSRRI Bl B%f'ﬁ%ﬁ??ﬁ@g?@ e oo

treat nrent of one or both surfaces of the osteoi np rol |l ers having

a patterned surfd8w.ofayarigyofimedically and/gr F‘EB’-"%I%%S ]PBt‘ﬁ?"gW'EFéa'Eﬁ?%‘t‘lﬁe to
the shaped material; rollers that nay enboss a design or texture to the

ost eoi np$ anincormsirated i, phagsoeiated Withy thetbone-deriyedselerhenteeither heforn dugng, or
penetrating holes for sizing of the sheets, i.e., a cutting guide or to

i mprove bi ohfie ma;barhtitgxrai\/mdnoswayehierostebhﬁxilarar &hus, . draaicad mare bl arch
containing raised cutters to section pieces; etc. The rollers can also be

nmodi fied toggdsBdbes dBRIAFQIUCE Inds 8R b@ﬁé-agn¢éare¢aﬂa1t§ Rey. 3t Rhkiak of her eby
creating a mesh like material, such a nesh-like inplant can al so be provide

utilizing apymgf éﬁoﬁ@&‘é}weg% éntn a g%ﬁmwg} dﬁﬁf}%'aﬁ'o@%c Rkfred The

ost eogeni ¢ 0st eol ant can t e use I at subj ected to optional

20 t t t

20 LRt e e ok b .exsu§%a$%§s>.t£&gn RSB e BRYRAERNL © OO
| ant at t hi | d d/

frozen B opseRmsBik agPhadick fsagosiaty @iﬂﬁé‘%ﬁﬂm&%ge RS EeT

(RULE 26) WO 02/021 S6 PCTI USOl/ 20220 can optionally be dried, using any

met hods) ~ t hMedigally/stesically ispfuLsibstapessdusingn physiologicallner Pharatecologicaliyrer i can

Associ ation of Ti ssue Banks requirenents.
active substances that act locally or systemically in the host.

The medically/surgically useful substances are bioactive 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 reference;
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, penic.illin,

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;

20
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Optionally Occludin,~ a Portion of the Surface Area of the Oste~~enic

Gst eoi npl ant When t he osteogeni ¢ osteoi nplant of the invention is intended
to be usego@Pagner nenbrane applications, the resul tingppshReiRianNt 1S
optionally subjected to an operation or process which occrudes a selected
surface area of the osteoinplant to provide a skin or barrier which is

i nper' cneable to soft tissue ingrowh. This operation can be perforned by
healing a portion of the surface arca of the osteoinplant, by cross |inking
a portion ofynmthesizus; feazyamesrsaeh af alkdlmeqphbsphatast, aotlagenddeppeftidasgspodxitlasgs,one or
nore 1 o bioconpatible substances to a portion of the surface area of the
ost eoi npl anfetct;oPyrRetceR seaffoldd WP pardichymaP tellsh BB Skbnid dgeWdslahd pelyngRr st ood
by those skilled in the art that conbi nati ons of one or nore of 't he

f or egoi ng opgtatd i aa: i | .
cross- i nki ngﬁ%tér%ggmﬁ?% ﬁﬁgﬁﬁkﬁg&g%mg?&ﬁg%[&? ‘r?l%énﬂg?%g{s? I@laﬁ%ie%alfagﬂ%’v\ed by
application of. Dhi el S i AR TRe od by
o e ok 11 gfftlad FERfMRAk, Blifig U 52{?@ i hofit é’gge%)’pb\égpgﬁa?ﬁg‘p%eéﬁ’ %ﬁ*’%@?%@m
on the osteogjnplant before or after the optional dryin nd/.or | vaphilizing
oteps  deScr PSBEP g hisls.SepefitalydrgeBusd e el S BESiRpedifBa 1o ne
heati ng operation to occlude a portion of the surface area of the

ost eoi npl antiving|cebsisapaided ppeiHiured ealls JANAY daliyered by nlasaud.odrab ¥ectens rethesych
barrier form ng operations are known and discl osed in conmmonly assi gned

U. S. Pat ent n@ansjtissue.traBeplants; démingygized bogd powdérpantoeenendissugsisuch agbloode
contents of which are incorporated herein by reference. 27 SUBSTI TUTE SHEET
(RULE 26) séfm)3d{DRska6, Hont mdnow/, 222 Dioadhesivesabdne irphogeyid preteist BddPOni C
Ost eoi npl ant The resulting osteogeni c osteoi npl ant can assunme a det erm ned

or regular LQESh@ctivl 'F:Id't&tt]gﬁ!}j; EBrohdbth EN)Aerddafdlial QlEEwifastor (ECOP

I,
cone, tube, to nanme but a few Prefabricdied geonmetry would i ncl ude?’ but

o aceq bt weli R e e M FRIRTVEOR XcRhfin? hniief oot (CREB® 0T
ol at o8, | ec BHERFOR INFEpERPASHOHITRE (HGED: ivaLeroy b ropet eTEQ) e bbn

pl ates, clover |eaf plates, condylar plates, conpression EI ates, bridge
plates, wav&cr{EGF); iteelenipns, cigal intesleukiar 1 @k~ Demterlegking (L) phwsanalphde
fabricated fromthe osteoinplant of this invention. Such plates 10 may

i ncl ude sucthrombim trapsfomiag gmwth fagtor (T6ikekera); osnlinlike drovsbfacterh S8t ], def ect
shaped, etc. O course, the osteoi nplant can be machi ned or shaped by any
sui t abl e netGRD)oshtehdgived gi@amstact6B(PDGR)| filsrdblasdgbwihdfactars, (FGW, BEGH DI e,
be enpl oyed to provide for the intricately-shaped three-di nensi onal

ar chi t egs ur gicof p@fbdesitat Aahém Bheibta@lt fastof (FIDOGF); ch@feltRatliR ProIONE, growei 1
site with great precision. t 5 Optionally, the partially dem neralized

05t €0i Dl ANt At AEAEROEGDR); hEMRBE B YANLANRS plciRrdcgffiopat e of the -

partially dem neralized osteol nplant
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 réadily determined in a specific

case by routine experimentation.
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include: a.) allowng the lamnate to be shaped in three dinensions, as in
the introduction of a concave surface shape, etc.; b.) each layer of the

| am nat e Whi2RE continuous, w thout requiring binding o&cif,l@@(,lj,ﬂhﬂt S

bet ween the pieces. A lamnate prepared 20 according to the invention
herein woul d provide a nore uniformand stronger |am nate osteoi nplant than
those that are available utilizing prior art nethods. Assenbling the
superinposed layers into a strong unitary structure can be acconplished by

SHEET (RILE 26) B BSOSO et PORSE e ROuRl e BRR e DT, T
dontal resi A iR REe NheRlERar i nBniRt o BRI i BTt

pol ymet hyl net hacryl ate, gel atjn-resorcinol -forml dehyde gl ues

col | agen- baélé%fugwé@rcqsmygl&rﬂd@'b%mfhaoa@mlglegw&hmé ¢ prapice{dbppresent
magnesi um phosphat e or ot her phosphate-based cenents, zinc carboxyl ate,
etc., and piwteaiPn-based bi nders such as fibrin glues and nussel -derived
adhesive proteins; the use of mechanical fasteners such as pins, screws,
dowel s, &tc., whildi tetahemeunt ghsichaptiondllyaddedimgdighllysurgigatinesef) snbstandesl s
and bi oabsorbabl e as well as nonbi oabsorbable materials; |aser tissue

wel di ng; anavilltypicalyoange foomabog.0 tbfaboetHiS; prtfersbly floay sromt dito athomt 68imogeni ¢
ost eoi npl ant can be provided with nechanically interengagi ng features,
e.g., tongugrderdblyrfesin aboutrtd iabeuta0dvdigit@arcet baded 6n thaivei gt SFEHY &htiré O
facilitate their assenbly into the final product and/or to fix the | ayers

to each ot hgsmbBsiBoiBHSH té%smbﬁesiia§Bmegoﬂabssmaﬁ,im optRidl 36l eRfbehiSR ARy

woul d be determ ned on a case-by-case basis through routine
experi ment at;j - La s LI i . e ost eoi npl ant
of this ent)E)ilc:itlgﬂn\elr?’%3 &(l)lfggt}]etgh%nrb\?gégw %@tx@%ﬁ&%ﬁﬁghgﬁ f!@Feg%rg%dgss one or nore
| ayers fornmed frﬂtr/?éone A r’rqreg gt her .r‘rgteri al s or .subst.ances such as those
descri béll aBPEAYISBresialy HEcTRETUeTIgRYH 18 DORG WOTANORHNE P st eogeni ¢
osteoinplant of this invention is_intended to be applied at a bone repair
site, e.g., one ri&gmaspafbenegierivad elemenigof fus inyertigirgandsdtashlygwenaged st
course of 20 surgery, infection, malignancy or devel opnental mal fornmation.
The ost eoi mblyamixingatesived quantitigssaf thebenevdatived alements, fhid catrieppé iy and
peri odontal , neurosurgical, oral and maxillofacial surgical procedures such
as the repaioptiGhal bfpbeen®@Y i CAOFPAUNG shitasfd sdo@enRiT seysuratel fiRIRE operatiehdé and
internal fixations; joint reconstructions such as arthrodesis; general 29
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 camer 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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SUBSTI TUTE SHEET (RULE 26) WO 02/ 021S6 PCT/ US01/ 20220 arthropl asty; cup
arthroplasty of the hip; fenoral and huneral head repl acenent; fenoral |ead
surface rg logﬁ?ﬂ@nt and total joint replacenent; repairs pfrtbg 85t ebral
col umm i ncluding spinal fusion and internal fixation; tunor surgery, e.g.,
deficit filling; disccctony; |am ncctony; excision of spinal cord tunors;
anterior cervical and thoracic operations; repairs of spinal injuries;
scoliosis, lordosis and kyphosis treatnments; intermaxillary fixation of

fractures; ntopl asty.; . t eppor pomandi bul ar joint peplacenent: . al veol ar ridge
augnent at i off eﬁ’r‘?&& gfiwg,lg{l@h@?t@ﬁwt{}sw&g}gﬁ{‘ﬁpmﬁ / COSBMH T acement and
revision; sinus lifts; cosmetic procedures; etc. Specific_bones which can
be repai r eddeminerglizad elongate hondpariaelescasi depirthed aheves with arifiicientamouat ofvbi d,
frontal, nasal, occipital, to parietal, tenporal, nmandible, maxilla,

zygomati c, ewrablecibcorgptibbr fuid cloieg @lgs, water, elgaaic grotibsolvengragedns, soRmion um
rib, sternum clavicle, scapula, hunerus, radius, ulna, carpal bones,

net acar pal  GRnes phptislogRaPslink, liquid pd1Fisfiirddi coptfouids, BRihe cdrtibi @an f hul a,
patel |l a, cal caneus, tarsal and net atarsal bones. Possible clinical

applicatj OnépNQHhQ chbRGInUAR or fadde sublsRBcds’sealt REdscibed AbBYERD if6rnt a dodgHRREdIr €S,

pat hol ogic fractures, stress fractures, congential defects or fractures, or
operative defects.in.any bone of 0 t . ed W ate
fixation. F?%'B??ﬁtéO"Caﬂ'éé/gcgﬁle smqyraé}gF@dQ%\%ﬁen?%‘%er\(l)@?lej%fl?r%falg%&o&ggeq' nf(i:llrlhl e but
not be limted to infraarticular or riarticular fra r£s; netaphyseal
fractures; ?F%ﬁ&%?@%{m%%‘ﬁ%’}“&g’ﬁﬁ?ﬁiﬁ gﬂ’tagﬁ&”?cro%’ﬁﬁﬁééﬁ"q ?agg%{ﬁraé ;
repair to non-fractured sites; defects_ due to 20 _peri.odont jsease_ or
Curgery: Cantnama haerandarccisbeiboin Ui Hion nel af Bo30e 4 ived BEEBEER
osteoi npl ant can be enployed in the dry or hydrated state. The dry or
hydr at ed osi2¥l, s contentsaof Wick are mnorparated hereilneed be to conformto the site
bei ng repaired. The osteoi npl ant can be hydrated before, during or 30
SUBSTI TUTE SHEET Ir{ Kpteferil) embodiin@R o0 htSavdrGoh be@in, #odimidéarser ismpigait at i on
Wi th a suitable bioconpatible Iiquid) e.g., water, saline solution, etc.,
for a peri OEoqulydxbﬁjécérﬂﬁ@idﬂgliﬁﬂid@b@hwﬁaxﬁcblﬁpabﬂlﬁeriizﬂlﬁ)ver,ﬂiquiﬁeelutidﬁpéndi ng
on the thickness of the osteoinplant. After being hydrated, a preferred
enbodi ment  gélid p&lyhydroxy compound, liquid solution of solid polyhydroxy compound derivative

or mixtures thereof. If necessary or desirable, the liquid carrier 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 become,s
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, polyvinyl 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
23
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ost eoi npl ant becones flexible yet retains its shape and nuch of its tensile
strength. The osteoi npl ant can be packaged in either the dried or wet state
and st oragof@h2spbsequent application. In some circunmstangegyséizob
preferable to package the osteoinplant in the wet state so that it is ready
for imedi ate use at the surgical site. Optional materials can al so be
added prior to packaging. Preferably the osteoinplant is |yophilized or

ot herwi se dehydrated and/or frozen prior to storage. to At the tine just
prior to wh gmgg; i 0f.. - i i i ] def ect
site, opti o‘r?l)glaw ter %‘g@?mﬁ’ggf’%&’%‘g‘gﬁdﬁ W@EH‘%Q‘&%@%\?&’ rg ?)lﬁilrd gﬁge?{hgu dglgr af t
bone, prepatations of sel ected ograft cells, autograft cells containing
genes encodi ﬁﬁ"b(r}ﬂ Stﬁfﬁteﬁff?ﬁ?ﬁd’ %{’?ﬁ‘({%“@?e‘.‘%S°@Wn8§8@@ﬁwﬁ~ned with the

osteoi npl ant of this inventjon. The osteoi nplant can be inplanted at the
bone repair siteWhare,degippgigulagsmbedigent, sha pagtinles exbitit a erdencyio auigkly ore. g. |
sutures) staples, bioadhesives, screws, pins, rivets, other fasteners and

t he |i ke or prematerglytseparetedrane thel aarndraompbyent hetoadthearivisg seftletdue frenfthet | ssues
around it. Turning now to the figures. Figure 1 is a cross-sectional view

of a shaped smp&yificH sueh aRRpRPaAE6ER bHh RErlY Botdogenebids @RbreNPmass i9PehdBled: The
section is stained to show the presence of bone particles and powder as

wel | as void. . .ar f. . ' . :
rater al « t AUTERFGrindGHefiRhe (AR B8 sBlankdiBodtlo WS AR o} iRt
material. Figure 2 is a cross-sectional, view of an ostﬁo eni ¢ ost eoi npl ant

prepared asABSLhS priepsenicostepimplans ap optipnal sphstance whase IROIIRBICs ae nanner  as

figure 1. A conparison of figure 2 with figure 1 reveals that the

ost eoi npl anehasgctemntics preaentios Fedee BiintesdengyREimsterer vaigre-the CRuieE componeni\n
021021G PCT/ USOL/ 20220 has 42% | ess void space than the material of figure
1. The | essarglyaeral os packtipn of glyderopimra sodeny; stichoam anfeguepusatr atcopaliksatgtion

ef ficiency achieved through the use of snmall bone particles to fill the

spaces hef t obglyv&sl) ahdsephatign of Hopedatiedisémherts 6susSto\wllekcasive BRtehowhes)
applied in the form ng of the osteogenic osteoinplant. Figure 3 is an

enl arged peg $RRichiay SpplicBNbrHS EBASHHEL b MIx QR idEINOshchas B8R EIBEd hstelaiBeS Of
the partially dem neralized enbodi nent of the osteoinplant of the invention

toyield th@oll%mieéwth@mrﬁ@#iﬂ aq%mo%gﬁgﬁfhéiibm% Qig’thﬁicﬂntlyb‘ﬁnﬁ'BQ el N the

figures, the lamnate can be conpose alternating layers having the sane

O o TR KL R i Bpfcr 01 eent L ertal . o
;e);(ggglr gf i \gﬂi gp f F@e igxgxtpgrgtgo(j%}g@%agelbloges-tdcr:gé'e [ e%enrt]g &h{chrcr:iaﬁ bg?r}ch%%%atgé into the
15 osteogenic osteoimplant of the invention can vary widely with amounts of from 10 to
about 100 weight percent, and preferably from about 20 to about 70 weight percent, being
entirely suitable in most cases. Likev\vise, the amount of the bone powder which can be
incorporated into the osteogenic osteoimplant can very widely with amounts from z'lbout
90 to about 0 weight percent, and preferably from about 80 to about 30 weight percent,
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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ost eoi npl ant in accordance with the present invention. Exanple 1 Allogenic
cortical bone was processed in the bone mlling apparatus described int 5
U. S. Pat efip D153, 07,269 to yield a nmass of bone-derivedpehgRENMS20 The
bone-derived el enents were then placed in a reactor. A 0.6 N solution of
HCl at 15 ml per gram of bone-derived el enents was introduced into the
reactor, the reaction proceeding for 1 to 2 hours. Foll ow ng drai nage of
the HClI, the bone-derived el enents were covered with 0.6 N HO /20 ppm 2000
ppm noni oni ¢ sur flmob@aembediment afithd imverktibnt the48tehimplant is-Girmedifnoq Adlydr ai nage
of the HO / surfactant solution, 0.6 NHCO at 1 S nl per gramof total
bone was i nyemhéesized Bose-ddired @Rfieafs incbRbinadet wWith aufisisie 8ioaempsitibiOfdia S0
m nut es. Fol | owi ng drai nage through a sieve, the bone was rinsed three
tines with %@f._l\%&efbﬂk@sﬁo'.&%pahbﬂe fRidtarRl is 9h 3FA A0 SolRbPbE 1geér5'| te.?.e
d B SHEET CRULE

water for injection being replaced at 15-m nute 32 SUBSTI TUT

) 112 TR T 5 AT AR P
18, L eI R W A L R

transferred to a |yophilization tray and frozen at -70C. far at |east 6
hours. The tsfosmiamsisteaimplart espeoinllyysuisable fo'kameronembiang applicationsd Ipepetbaur es
for 24 to 48 hours. Exanple 2 A nmass of processed dem neralized bovi ne bone
bone- deri veembobdinent of the épentich pthe dstssgenizadtdoimplantnip fermnikd iamn, o tdastnad Wi t h
a sufficient quantity of bio-conpatible carrier (50% by wei ght

G ycerol / WL ek) j R Psom i : Bad/é ic sali
consi st encybﬁil’ﬁéér%g??e@ggt&ﬂg?gaé\gg{%I acedmgér?oggﬁ?&/g%%ﬁ" ds/%tg@tyé{t%%% ' Scaol\llueir ed

oot ot 20 e MR LARBE Adtot AR ALY IH h BBl e A eRfafuBbROT

sheet of Tyve n e coherent na S conpres

contacted by hand with a revolving 2058 gram 6.13 cm. dianeter, 25.5 cm

| ong i npr ansble afremgrontigre e siree icéh?eegdﬁm—'%wal aﬁ%éecﬁweytﬁle@&h&ﬁcwre

ost eoi npl ant having m ni mal thickness. 15 Conparative Exanple 1 A shaped

i npl ant  pr epeing detainedreyenmfies sehydation aed defprmatiopprionto edwsingdmplagtatigni o U.

S. Patent No. 5,507,813 and an osteoi npl ant prepared as in Exanple 2 above
wer ¢ prepar Hug, ithd dmoumand aiperof boriglérmaitsrmididyfhdid eaien indfet hdaqaabe pi eces
were cut from each and prepared for mcroscopic histol ogical analysis. The

tissue was Whri@rddpendiBfaipon the intended final use of the osteoimplant.

Forming the Osteoimplant

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 deform the mass is sensitive to the rate of applicati'on and

20  isreadily 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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zo neutral buffered Formalin, dehydrated in graded al cohols and enbedded in
the commercially avail able glycol nethacrylate, JB-4 Plus Enbedding Kit

(Pol ysci gpeash213¢ SUBSTI TUTE SHEET ( RULE 26) VI O 02/ 028&fm5501/20220

PCT/ USOL/ 2(1220 Inc.), according to the manufacturer's protocol. Bl ocks
were first trimmed to full face wth a Buehler Isonmet 2000 equi pped with a
di anond-waf ering bl ade. Five | Zm sections wire then cut on a Rcichcrt Junb
flutocut 2U40 microtonme equipped with a 1G.cm Dpro(ilc tunt;stcn c<<rbidc
kni fe. Sect Foksentanass g1ayibsadnced betweep e ﬂﬁ’abhétlérf@stwétséwmma Boreke

sol ution, dehydrated and coverslipped. The i mages shown in figure 1 (U S
Pat ent No. Shéefs(opBd TeflodMdodted)suréace (t he ost eoi npl ant prepared according to
Exanpl e 2 above) were captured using a N kon Di aphot 300 m croscope, a 2X

obj ective and a kogflgkréded difddith&ittifd cdhRFRRl MassTiB PlAENbMEN Allez e, bone
material (DBM in each field is dark while the enpty spaces appear to

bri ght whi t ﬁnﬁérﬂl'&rhﬁlg%driz@hﬂall?ﬁlaﬁﬁ%&ﬂc%ﬁﬁ&%@ thedl ebnﬁ;ir@isﬂ/%lf EECERWith a

material were captured. |nages were acquired by the image anal ysis program
I P

bt onat | vl (9o Wh%‘%@?d?gﬁl'fﬁﬁmm hRoREbENL Bl Messary 0 |
what tiall t of th
Dt Sob; ol qtosesiiub Tl Re e a i EctEier, | AReRaboiy 187 bitile “?gb%‘i\ﬂ °
matri X. SIXfI quﬁéromeach sa Iet evverﬁ anal%uﬁdlnthls er. A
student's tP§ to AssH et of sUg S'T’%F acts WHh Ve sh Inlesnfdne @ en the

enpty area neasurenents of the material made according to U S. Patent No.
5,507, 813 {millgrs rojating gountordirastionably with wespest toneagh othee ardisush atdistacarpps 2
above (Fig. 2). The porosity was 34 SUBSTI TUTE SHEET ( RULE 26) WO

02/ 0215G PCirbhiSfath athe? thaeaiposteimglantof desirgbthicknessge fafmednBugh oplarsecadi vi ded
by the total area analyzed for the sumof the six fields neasured, for each

of the ggst Hmid%rrbﬁér{%) m%éﬁ%?wv?d@fo?t}w s\ﬁ?fﬂcé ﬁ'eaT kateof%n%% Bdth sME’deEolﬂ
Space % DBM U. S. Pat ent .8 Csteoinplant of Exanpl e~2

26.0 74.0 SEIG 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

15 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

20 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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SUBSTI TUTE SHEET (RULE 26) WD 02/ 0216 PCT/ USO 1/ 20220 Conparative Exanple
2 The thickness and density of a 2cm x 4cm sheet of a shaped nateri al
prepar ed wgonodseg to U. S. Patent No. S, S07,813 and Exanptgeuniphpée was
measured. This was repeated for three sanples of each. The results are
contained in Table 2 below. 5 TABLE 2 U. S. Patent S.S07.813Sanple Thickness
(m)Wei htDensit~(,g,/cm)1 2.211.370.77S2 2. S41. 460. 7193 2. S41. 38

-0. 679Aver age 2.431.400. 724Cst eoi npl ant of Exanple 2Sa~ m | e Thi ckness

mm) Wei  ht Densl ¥ : 14 ‘ : : : ver age
1521, 05 o BbBP AR, be ST ebag(sF i Pouiterd flishedcorpdbichl B
material of U.S. Pat.. .S, 807, 813,.and. t.he erial of Exanple 2 above
wer e pr epar GAPHERSESHULRIEETT AfrocdiSh R TSRS RS o o

approximately 2S mmw de and 60 nm | ong we t froma |arge sheet
36 SUBSTI TUHeligng uding o Portiong 50 Arga ofthe Qgteogenie Os plant
material. The shaped material of U S Pat. No. 5,507,813 was already

manuf actured to f hepgieapenisensteotinplentaif shesinperttipnds tnéended ¢p bernseddhaped
material of U S. Pat. No. 5,S07,813, the material of Exanple 2, and stacked
sheets (38 t barsier ofentbranermpplicatiahs, ttie desudting est@oimpiant sxiptehalhosublieetdditb@kness

of the shaped material of U S. Pat. No. 5,6507,813) were cut to

appr oxi mat ebyeralorn procdse Miidh otbRdES Nédlechdddueate Meslbhthaetebimplimass of each
test article was neasured at its center using a Mtutoyo Mddel 500-196CE

di gi tal cal hpRideadkiRoMdritVRcVRARIperRObo bt dhWa. THE ok&agsn 9age

respectively. For the stacked shaped material of Exanple 2 test articles,

the dinensi Qzﬂﬁbé)ﬁcrh{?ﬁnc?ggithé:ﬁ{;\@t:ﬁ%tiéﬂféf th@@&fr&%‘ihc%’lﬂ tl‘r?&‘s‘i'cofiﬁélaﬁfs? by cross-

cal cul ations. Tensile re pertorned on the test articles. A uniaxi al

servo- hydrayli.c t . machi n I . Bi.oni s .used under

ait 5ot acenentikfae RO bl lBE e Bl aiiuolBY abE e P S more oo
articles at,a rate.aqf mmimon. In al ases, failure (a peak in |oadg,

Fol | owedd by bcaRETiamdsBoa 0 aap o se st en aBark e Sialiraant @ pepvics o

di spl acenent was_reached. The gage length (in these 15 tests, the initial

di st ance bemigrenoronglayes tbgr)somag vaHbeupderstogd by thaserskiltpdin thg artdhati c| e
hol di ng fixtures consisted of two vise-like grips, which were

hand- t i ght enedbinatiatistc{ohe eamiord afthe fqegrimeopdratidnk ean baemplelyed, (el yieating i p)
and to the actuator (upper grip). A 200 Ibf. load cell, operating in the 20

I bf, | oad radgrvedasy disdirikéng, efb%-ﬂnlkiﬁg%llcﬁ&ﬁd't? Heafing biost Sinkihg fER6wePBP Of
the single sheets of the material of Exanple and stacked sheets of

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 described above. Thus, e.g., the
osteoimplant can be subjected to the heating operation to occlude a portion of the surface
area of the 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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20 the material of Exanple 2 tests, a 50 HZ lowpass filter was enabled to
reduce hi gh frequency conponent noise in the | oad signal. Load and

di spl acengpplyp2dasg were collected at a sanpling rate of 20pHEuERn20bdae
duration of each test. Formis as packaged. Al Tests were perforned on the
material w thout subsequent rehydration 37 SUBSTI TUTE SHEET ( RULE 26) w0
02/ 02156 PCT/ US01/ 20220 Speci nen di nensi onal data was used to cal cul ate
each test article's initial cross sectional area, which was then used to
cal cul ate t%‘u ile,enqineering stres valu s fromgathered data. This

i nf or mat i on ~EAC8HESF4PINE HEc Ut data, allowed tensile

engi neering stress- stral n curves to be cal cul ated for each test artlcl e.

El astic nodufus A resuliingcsicogenic edleympiant eancasseme p datermimed at eegaled fors i ven
in Table 3 below. TABLE 3 A (nean + SD)B (nean + SD)C {nean + SD)U ti mate
St r engt hl. 2 tonfighratdnNBCcK 8s & slikeq plase @lisk/tunnd, &heNibe,utb mgmefbuth &sv.i ci t y0. 54 +
.0l S Mpa0.29 + 0.08 MPa3.34 + 0.97 MPaU ti mate Di spl acenent 3. 23 + 0. 57
mB. 97 + | . Peefibrivattd geoMely wotlld@ylude, bot netlbe limiyey topd cleleniVigren falsingle
Exanple 2 to B: Multi Layer of the Material of Exanple 2 C The Shaped

Materi al 5of gl e HRf-shadde to §e pldedehweth 1ol Rdr ihted Eo doté B%&aﬁ’éﬁar bid\Rr
02/ 02181 Conpar at 1 ve Exanpl e 4 PCI/ US01/2(1220 . gram; of

m neral i zed e e r t le 2
wherein thed?b)}(’%"glt 6’%’2 'L%Px\ﬁt %cgggnﬁglrn%ﬁal alf\%o &%g\/\ﬁ% %&thggt?% er to
Anot her three ortlonsl, each conﬁal m[g% ams of d i nerﬁaﬂ;t ed bone
fibers fronf&opfBIctyGRates Yutttesg@latesy étgcgé aéﬁ?ciﬂoﬂf‘ H%S cloker ! e of
U S. Pat. No. 5 507, 813. A neasurenent. of the area of the_finished
ost eoi npl anfondylagplatess somprsssien piates.diridge PlajespIRYS Rlates.otic- aPrytiak tWbYIAG 2 ness
of three places was nmade. The results are contained in

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, bowl shaped, defect 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
of a 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 be

accomplished by a variety of means/procedures, e.g., application of known and
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Tabl e 4 bel ow. TABLE 4 SanpleStarting WI. (g)Area (cm ) Thickness 1

(nm Thi ckness 2 (mm Thi ckness 3

() ASO564Qy BR2fk0- 68C, SOL002. 052. 622. 12CZ501002. 051. 942. boGarBiaRy GB1. 71.
78 Kecy: A -Sanple prepared as in Exanple 2 above. C, _~ -The shaped
material of U S. Pat. No. 5,507,813 prepared fol |l owi ng standard operating
procedure. 15 Conparative Exarrpl e 5 10 cmlong specinens of the shaped
material of Exanple 2 (A) and the shaped material of U S. Pat. No.

5,507, 813 ( Qonwertidnhl bislbgicalla campafblagihdsivescsachs thefclyancaatylites; @podsy-basedcm) .
The portion of the material extending fromthe fixture was 39 SUBSTI TUTE

SHEET (RULE %@poun@d&%ﬁﬂ%&ﬁ@eﬁﬂé \dehihi rROAZEemRRR! g1AGbndherYenidpQr €€S) and

the spring back was nmeasured (relative to the ori g| nal , unbent position)

usi ng apr otr Jad The
shaped mat eri W&t?yl&ﬁ%bfnﬁﬂ E%l%lg %8&5@13&%%%? #ﬁ# cgﬁr% sbt-ggﬁag
operating pr.ocedure. Pi.n Poi nt ree BendBaone Retu to 30

degr ees? Cngﬁorgamgigﬁél A ? Eg'gé'éceﬁwﬁ/éﬁbwwe&%" éggag%g’BOtgﬁbONEnory
to 30 degrees4d n90|\/b to 20 degrees3 cnmb0 re

cnOOMenpPy tRBOSP tez‘eﬁsgg%@%%z prplates 16 E@t%’ééf‘%‘égﬁ'é‘ﬁ%? Sﬁéﬁapéd as
in Exanple 2 above8 cnmBONo nmenory7 cnBONo menoryG cnBONo nenoryS cnmbONo
menor y4 cno@eesrmpdmusselivpoedadhepive p@t@n@@mw meghggcal &aptaners s@ph ApYins,
cmBOMenory to 15 to 10 degrees 40 SUBSTI TUTE SHEET (RULE 26) WO 02/ 021SG
VHAT | S CLAIsbfeRrs] GwddS Etd.JSOHiCR 0220k fhbnMed)ﬁbmog&malmreymtbmmqnbmnals|andt he

formof a flexible sheet conprising a coherent nass of bone-derived

particles) ticabesrbatsieas weHas nbebioat@odhble dftériald) 14paf tisshie aeldihgngaldirasonic
bone-derived el enents optionally in conbination vvi th bone powder, the

ost eoi i antboﬂﬁﬁgler?%r{le’ﬁﬂed"‘ng@%?é@%?th\é%&o%ghg&t? P01 6 8LidkhgmabOUt

32% 2. The oste alm 1 havi rness of " between about 50
m crons and abcﬁx é %3 he tte0| ant of 08 wherein the
coher ent!OmadReqiauic Wﬁeée’kﬁagwgrf?a TSPt et °B$uef rrapoat B a‘qu oG ht
percent based on .the weight qf the coher | cul at ed r| o]

conpr essi on d@f"e‘ttﬂbelé@ﬁ’étﬁéﬁtfa%@? their asFﬁ@ ﬁﬁﬁp rrodyct and/ Trﬁofr ’ﬁ/\ﬂE}@r ein

t he bone-derived particles are sel ected fromthe group consi sting of
nondeni ner allayessitoxank ofigr in aners sedengifashion i Thedpbmabmgthedoif essemihiweildther es
thereof. 5. The osteoinplant of Claim21 wherein the bone particles are

obt ai ned f r aletermined on a case-by-case basis through routine experimentation. In addition to its

bone membrane layers, the osteoimplant of this embodiment 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 o'f
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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cortical, cancellous or cortico-cancell ous bone of autogenous, allogenic,
xenogeni ¢ or transgenic origin. 41 SUBSTI TUTE SHEET (RULE 26) WO 02/ 021
~G PCT/ UQE42R220 G The osteoinplant of Caim1 wherein phgReMMRAILICles
conprise a mxture of nondem neralized bone particles and dem nerali zed
bone particles. 7. The osteoinpiant of Claim1l1 wherein the ratio of

el ongate bone-derived elenents to bone powder to is between about 1:0 to
1:9. 8. The osteoinplant of Claim1 wherein the coherent nass is

mechani cal | ¥RISBRRE; bh AtrRBSIGH) bmwéﬁ%ﬂbf%% mnaérame%p ;'gésgﬂ%eﬂ{eﬁh;lf?xgofgi‘e

osteoi nplant of " aim1l wherein the bone-derived partic are

dem neralized., 10. The, osteqi nplant. of Claim4 furthek, conprising at |east
one. bi o- compSid TFECEERBERAR a7 otahiai seakaMen: ikt oL 6 JHeOrg! AMPRI n ¢ e
bi oconpati bl e, conponent. i.s sel.ected fromthe group consjstjng.of

bi ocompat i bMEMATA SPiRal sty N PEERN XY BRATIHEER: Fifidehott AR rrosh,
subst ance provi ding radiopacity, .plasticizer) biostatic/biaqcidal agent,
surface act fiigeccigyavtlaningeBryactaisien elapind serd tumors; pperigraeeyrnd forefic g ai m
1 further conprising at |east one zone of inperneability to soft tissue

i ngr owt h5 whepesatipnsategaizsorfespingl injiriegr seoliogis, fordpgs and kephapis ngatments; SUBSTI TUTE
SHEET ( RULE 26) WO 02/ 021, G PCT/ US01/ 20220 13. The osteoi nplant of Claim
1 confi gur ethitemdxdianefisitioned fiactutdsemshtepastyf tempotmeadnditpilatjeint cipfdcementanel |
ring, cone, or tube. 14. A nethod of form ng an osteogeni c osteoi npl ant

havi ng not gvesiheridgdwamahmatibn a2 veeonstruviion)irlay dbdteoinpldnesl implant placengsnt
provi di ng a coherent mass of bone particles optionally in conbination with

one or nor e;hl RERMPALIn BitE CBRAGRI Proceduhl; &dhsp&ific Bares whidh'®Rd batrepfrdt in
part from el ongate
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 hydrated before, during or
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bone-derived el enents optionally in conbination with bone powder; and,
mechani cal | y shapi ng the coherent mass of bone particles to fonmthe

ost eogeniygoQshEQE el ant. 15, The method of O ai m 14 wher epdpiba H90ne
particles are obtained fromcortical) cancellous and corticocancel | ous bone

of aut ogenous, allogenic, xenogenic and transgenic origin. 16. The nethod
of Claim 14 wherein the bioconpatible conponent is selected fromthe group
consi sting of bioconpatible fluid carrier, bioconpatible binder, filler,

fiber) mesh, .substance providing,radi opaci asticizer,. .

bi ost at 1 of biAget dpIaTgar ik eviABl Bibearbentblstint, &y AtERsHlinesoliign: e,

17. The method of O aim 14 which further conprises applying heat to the
conposi t i on feed paried of timeygnging fomeabayk & kaghovh il 2 mindgs ﬁ@epg’@g@djﬁm ent mass.
43 SUBSTI TUTE SHEET ( RULE 26) WO 02/ 021A PCT/ USQL/ 20220 18. The met hod of
d ai m 14 whitlabkrfess o ftbe ostemipiplaes Aftenbang hydeated, dopmferipd embotimsentiof then t he
conposition before, during or after nechanically shaping the coherent nass.

19. The net bewdoidiplddt Becdmd NdrikIOydtuetainelits SRdPRfang @fucH Bl jiel kil O\ §trdnigeh. The
conposition before, during or after nechanically shaping the coherent nmass.

20. The get B%oiﬂ%lﬂt%ﬁﬂ‘béﬁac é&iﬁnfc}t?&rhﬁé dﬁé&{%&&%&t@ﬁﬂb@&@& ESGubfigubgat ed,

nmechani cal | y shaped coherent Tass after applying the heat. 21. The net hod

of Claim 14 I gl t f hagy i i L Nng,
extrudi ng afSrapE, it BuiblBe P el an e UL ORe SR IRBIARE 50t 10
means for the applicatian of |ateral,.force. 23. Th thod of Claim 22
Wherei n_a cdiibRBEsP JER AR riady GPeRsE Ui e ol PR R AN The
met hod of Claim 14 further conprising the step of placing the coherent mass
bet vieen ¢ woalsp g red Rriaréx Packap e Ricter Wé%%stwmaﬁnva lxqvélll&eeﬁraﬁwmse
mechani cal | y shapi ng. 44 SUBSTI TUTE SHEET ( RULE 26) WO 0210215G

PCT/ US01/ 208¢lydpated anglbor fsazen @prigf tocitefpgs-14 f urt her conprising the step of

pl aci ng the coherent mass of bone-derived particles on an inflexible,

i nper meadl e, hor iAt dhet tith¢ jusppraero when ithesestdoiroplant of the invention is to be placed in

a defect site, optional materials, e.g., autograft bone marrow aspirate, autograft bone,
preparations of selected autograft cells, autograft cells containing genes encoding bone
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 of the invention herein
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prior to the step of nechanically shaping. 26. The nethod of C aim 25
wherein the step of nmechanically shaping further conprises contacting the

coherent wasezwhih at | east one revolving cylindrical rol llﬁT/Usc??Y/zoz-E{?e
met hod of Claim 26 wherein at | east one of the revolving cylindrical roller

is nodified to provide for the surface treatnent of one or both surfaces of
the osteoinplant. 28. The nethod of Caim 14 further conprising the step of
occluding a portion of the surface area of the osteoinplant to provide at
| east one zhae42% léssperdapads thar thetntateridl bf fipwmeue Thedewset voidvyerceiproceedsd zone
is integral with the osteoinplant. 29. The nethod of C aim 28 wherein the

. occl udi ng Sbﬁggﬁwem &eghéggag%a%,g%fﬂefeh&%h@&ea 'ﬂﬁﬁggﬁ fhe%se 8f SRalPborR! €Vat ed

t enper at ur e. .~ The ne alm 28 ereint occluding step

 he mechani Eanps Bl the Gk bt e BelFined bioissr ol R S84 i ng

the step of shaping the osteoinplant to a determ ned form configuration
and/ or thre@@iemgwcfﬁmlmapéHletOé@p&%f; ostepIPRYY| TUTE SHEET (RULE 26) WO
U2/ 02156 PCT/ US0112U22U 32. The nmethod of Claim 14 further conprising the
st ep of 4 ayeri ngFenct 3 Banenianged feespecti veoiiep dembndtrating one metlmdiofassembling
material. 33. An osteoinplant conprising a nechanically shaped conposition

of el ongat elaP_@f@ of B/ parted| Bdenfth@8liRd ehibdfinidhe ofithe WeteS M ARt lof B i¥ention to
nonder ni nerali zed bone particles, dem neralized bone particles, and

;Sg?llt Q?t 't ﬁgi'egﬂﬁﬁ ?9558}3 'j‘gﬁ‘.ﬁ‘&%ﬁ%ﬁ'@%‘? {Z‘%ﬁ%‘iﬁ ‘n ﬁ D%ﬁﬂ%g i"aiﬁqﬁggg‘?‘ﬁéﬁ -églrﬁﬁg%dr{rpér i 2.0;9
i j ) 5. j . i 33
Sher ot peag b oRERRd oY e f IR IS Bls Vg i R e AR iR T

consi sting
of bioconpatible fluid carri bi oconpati bl e binder, filler, fiber, nesh,

er)
subst ance i ?%%?rfﬁlﬁggﬂ‘feéﬁﬂ‘ﬁﬁ'é@i%@ﬁm u@fer'atse active agent, bioactive substance
and bi ostatic/biocidal agent. 3G An osteoinplant pr e&gr ed by the nethod of
claim 1 37. AnTheinventign wilkbeynessfelbyurderstoed bieway af e feliowing eyamplgs An
ost eoi npl ant prepared by the nethod of claim26. 46 SUBSTI TUTE SHEET (RULE
26) WO 02wbrh3ee Beendeg taodlustrterpitaet liprilapetheds ofypreparatien elbilie osteegenion 28.
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 placed in a reactor. A 0.6 N solution of HCI at 15 ml per gram of
bone-derived elements was introduced into the reactor, the reaction proceeding for 1 to 2
hours. Following drainage of the HCl, 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 HC1/ 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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40. An osteoi npl ant prepared by the nethod of claim31. 47 PCT/USUl/2U220
SUBSTI TUTE SHEET (RULE 26)

CAFRCA A WAL02/0285%. AS. AL As. A As, . A&[ . As. As. As. A. As?. A& Aligriystifladad - A A A
S.As. As. An. AL[. A A A .AL. A9[. A AL. An. A9. Ans. As. A As,.As. A A ,. A, . AABDXJ_"b
03~xsni d*Y] calU] ca] ca] cRa] c: a] caV] ca] ca] caV] caV] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a)J cal cal ca] ca] ca]ca] ca]ca]ca]c”ta]cal ca 37Q 8CcKNY vy

ggi k} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV]ca] ca
] caV] caV] cajnteivelaVFoHowiigeinathage afdheweler forfrjection, the(beue was covered with

{vql fa[ V]] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

. ca] ca] ca] cahkaheslahda)lowtd el foak Feradt)east 30 minutes. The alcohol was then drained and the

dhnDI FOXi 7: =GW {vql gb] X] ]] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca

| ca] ca] ca] cahgelesdinsl Qﬁﬂlﬁ@it@ﬁﬂo@ﬁg&;‘ﬁﬂoﬁ@m} aalifind, 4Re MR elements were
Iyt S EHSES) $25ASS 7 U< E&LE&Q {val gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca

]

ca] ca] ca ! a a ca] ca] cal
G (RO n) TSR GRCF g 08 BG4 1T R B B e LT ca o
a] ca] ca] ca] ca] ca] cal ca] ga] caU] ca caJcalc al calca] gcalca cal cal] ca] ca
] Car NooDRHGBPUR gk b I5ephd el JESNRBE FT Y PO BT AP ML D] cd cal
a)J ca) ca] ca] ca] calca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]calcal
ca] ca] ca] caEsamplai288A9999: ::: :v::: D
;5 3<<<=r ==>p>>! ?2x??$@ @AXA{ vql gb] X] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] capanissaf pajcesskd dbmirjecrizbd bdvind harr] bonak-datival clahems XiepateAX AAAA
AB" BBCb CCD[ DDDOEEE<FFFFG. GxGEGGEGEEGzupke™ ZU] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] Cal&@JsEﬁﬂe%}x‘E@(]aﬁxglecﬁ%S@i&ﬁﬂiﬁé’d &ah aabariarbealy stbisabaplisr] ca!l GH
t HHH=1 G ml 1 J(IXxJJ* KKK2LLLOMMVIEN. NJNIVNZNi NN

ca] ca] cal carRtF P LA RERACALEBLINGE) v GRLERL OB RRRIIRL ) V)
VW=WNKXXXYaY{ vl gbﬁ“}q c].ca] ca] ca] ca] ca] ca] ca] ca]mca] ca] cal] ca] cal] ca] ca] ca]

ca] ca] c&9 capensjsteiirral barehereiass wWas plapedqroa] ekl a$h&W£HZZ’(VF@[1[aP*\ \W]1/]2]>
IM]]1G""l ___ K " ZaabEbb{vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

a] ca] ca] caUimpdrmeiile dlotizdbmtally plaasd warkaatfee & ezand sidebéhpedddddd
dLSe]ef ] 3‘ ff :]Jlnggdhshﬁ 4?% i, jbj J %ﬁa}@ﬁ OJ@]e(‘ [{/] ] %:g?%aﬂ%ﬁ:gg]a%a] %:a] ca] ca] ca] ca] ca]

i AT T PSR B ol
ottt Oroe s R AR Eey BT 11T pr e AR e e R R Rty Shut e
ool cabyel skl i thesoalatpinlemmmpuatispbstiantaicnl oo ool el
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] calca]ca! 77-#}"
og@CFO" 15  Comparative Example 1

QN@ {{vqgl gb] X]]]]ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]cal]ca]cal]ca]ca -

] ca] ca] ca] ca] ca] dajhapdtinipiait pajpaedddaire afaradsfd ddsineraizdd baghgbdnd dckdrdaiecal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajeH] saPatah Bodb #0783 wad abdsiedimphal pepared asircEl wwgle alabajecwrea) cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca]ca]ca]cal): ?A&| s
"W | b{upje biélph&a]iﬁﬁleqaﬂ&ab?ﬁ%wb&iﬁ@ka baLeRintadraqhar pibs Ak@adut abaa] ca] ¢
a)J ca) ca] ca] caJ ca] ca] ca] ca] cal ca]cal cal ca! LDR225&) DGISb™ j {vgl gb] X} ]] ca] ca]
ca] ca] ca] calkad smlpralabadbos MiGaidopil iablglcapdmaflsaalmlisalricmidaah sadical cal

a] ca] ca] ca] ca] ca] cal't) ~+0C;

GXn~yt oj,g’ [}{Ln}t?zﬁ‘ ﬁﬁ‘}r%ﬁ‘%l:‘oﬁll A aaldsal 0@1,(?@] %&]a@]&@;ﬁﬁg{f@\%al cal ca] ca
U] ca] ca?ca] cajcajcaJcaJc a?cé?ca?i catha al %« or$, >7Zupkf a ]1ca] ca] ca]
cal cal cal cal caleahan) saloal sikspheahaslne i A keRbashs R Galysathag] ool cal

caJ ca] ca] ca
% Csp$5i kUszt oi d_ZU] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

. ]Jcalca] ca] ca]ca] ca] ca] ca] ca] c*aU] ca] caU] ca] ca] ca! (25=. 1: =X[ gv%' zupkfa\W]c

a] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca! 0O< hhJ! 01;

t{vqgl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! & 204" x, ce2v|wmnhc”Y]]]]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caggal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca]ca! % **-HKXi hg Ya[ | wmhc” Y] ]]] ca?ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! Fva] ] ZCzupk
e [V]]ca]ca] ca] c”a] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] cagfpshirevE SHEEFRSGLE 2eR-yt 0j e [ Vke [V]]ca] ca] ca] ca
] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] c”a] ca] cMa] ca] c”a] ca] c”a] ca] ca]ca
Ul cal] ca] cal] ca] ca
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10g 10g>' 10%& () -s* F910%g&' ()- 810%& ()-Y 910%& ()-,4- 10%& ()- G2
10%g8& ()-23?Q  xY:/ 10g& 10%@&' ()- ' 10%& ()- @

10%@' () - WHAUEB, &) - " 10%@ () - 10%@& ()- 10g KY dE:/ 10g |
10ty@z()-°1(0ty 86 10%@& () - Y! 10%@& ()-3@ LO%UG& ()-Y vy P‘ém"’@z‘%
10g. 10%@&' () -, F10%@ ()-Z* 10%@& ()- (! 10%@ ()-f&z

109G ()- LSy10%@ ()-gi kaB7/ 10g 10GF>: 109 ()-S; 109G () 7@ 109K ()
S5F( LO%0Q8' () - 393- 10%G ()- 1" 10%@ ()-Tnk/ 10g 10@< 9 10% ui u& ()- @

10% u&' () - ClIAgH,écdriimg td 0% MandficturkP ¥4 tbgo((o) BIR® W@@ﬁr@ﬁ'ﬁ/rmﬂ&gto full face
10@10% u& ()-.110% u& () -, @ 10% u& (

'1 (1)%‘2{2;%0 c(y (_)) y gZ{' ﬁ’{‘h@%g} 1'5&‘%?_-?2/ (g@%fgﬁ}epu@ﬁﬁ (%ﬂond-wafenng blade. Five pm sections

10% u&' () -, &10% u& #1.0% u¢
10@ 3510% u&'{Y "?fr—eiz)% thg“t‘%"-“'%/“ ‘M#Hﬂ%ﬁlz)"%,g%ﬁ%"f?@“( sawnaed sl &l ¢ s
10% u& () -4uxnbC 10g
profile tungsten carbide knife. Scctions were stained in a 1% Toluidine Blue, 1% Sodium

5  Borate solution, dehydrated and coverslipped.

The images shown in figure 1 (U.S. Patent No. 5,507,813 ) and figure 2 (the
osteoimplant prepared according to E;(aimple 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 Cybernetics). 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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10@ 10%4&' ()- 10-u 10-u 10-ul >: 10% u& ()-f; 10% u& ()- S7y
10% u& () - Sy5& 10% u& ()- dhdEnbC 10g 10@T

109%4&' () - B () - @Q! 10%4& () - @ L10%& ()- @ 10%4& () -

" 10%48! ()V;V%’?Q%%‘Sc 10g 10@ 10%4& ()-1,f10% H, H& ()- 100648 () oy 0220

10948 ()-, 9- 10%4& ()-, 410%4&' () -1 FOdEnbC 10g 10@>f 10%4& ()-1( 10%4& ()-
&F109%4& () -, 9% 10%& ()-, "@10%4& ()- 10%4& ()-Xi dEnbC 10g 10@ ;

10%4&' () - @510%4& () - @3, 10%4& () - o

18! 109448 () cxresspsias the-nevaentgeiaf ¢mptyspaclivided by thegptabaredenadyzed-for the sum
@10% & ()- "10% & ()-s10% & ()- 10H 10H 10H>910%& () -\ W dEbC 10g 10@
z10% & () - OHe&ix JielddPi¥astirdd, fokQUeof the tésl ittefials) -The @8sulls hre-given in!TadBOIC 109
10@$z10% & ()- '10% & ()- ~10% & ()- f10% & ()-!Lnm'10% ; & () -

y109% & () -! hapger. * ##dEDC 10g 10@#10% & () -

TABLE 1

% Space % DBM

U.S. Patent No. 5,507,813 37.2 62.8

Osteoimplant of Example-2 26.0 74.0
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. 10% & ()-,s!10% & ()-*110% & ()- | (10% & ()-

@10% & () - ##$$#$$$‘V$&$2$xnbc 10g 10@10% & ()- 10: 10: 10:1> 10% & ()- @
S10% & () 4? () - &310% & () - 28AS$$7%IUMENDC 109 10@ peprpsars

710% & () )-@10% & ()- 10% & ()- 10% & ()- "10% & (] ~OOWBER0 ' dENbC

10g 10@ 10%& ()--#10% & ()-1110% & ()-S 10% & ()-9! 10% & () -

1 10% & ()~ (~(()h) dENbC 10g 10@10% & ()- (! 10% & ()-f&H10N & () -

9% 110% & () - 10% & () -3109% & () -h)) *k**+p+dEnbC 10g 10@ 10% & ()-
510% & () - 3'Ckﬁ9ﬁa8at(v):-ﬂxiﬂ1@%& ()-,/& 10% & ()-- 1109 & () - p+r +++++++, bC 10g
10@f10%—|&() 3"10944& ()- 10%4& ()- 10\ 10\ 10\F>: 10% & ()-

10% & () - -[- Th@ﬁh@oﬂe@gam%ggﬁ‘&rﬁ k-4cRr she&t Wi sﬁipedjlﬂ%ﬁal(ﬁrepared
I10%4&() 0% () 9/ 1] aBbC 10g

18 g_;& | (1)0%;2% Gg%dlpé?gmﬁqti%%ﬁ%fggﬁ and %ﬂ]’ﬁi)l(:b above was measured. This was

repeated for three samples of each. The results are contained in Table 2 below.

TABLE 2
U.S. Patent 5,507.813
Sample Thickness (mm) Weight(2)  Density (g/cm®)
1 2.21 1.37 0.775
2 2.54 1.46 0.719
3 2.54 138 - 0.679
Average 2.43 1.40 0.724

Ostecimplant of Example 2

Sample Thickness(mm) Weight(g) Density (g/cm®)
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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10@ 109%4& () -, , MLO%H& () -

*FLO%H () -, Y(QLO%H& ()-, &#10%H ()-, $! 0% ()-12] 2233$39B&3dE:/ 10H
10HY>: 109 og haisg LO%E ()-,7 10%4& ()- y510%4& () - 3104;&,&01,2(,220
1y#109%4& 333B333K4l 4xY: / 10HS10% 0& ()- 10% 0& () -

10% 0& () - S! 10% 0& ()-!10% 0& ()-s10% 0& ()- 10HI 445M555L6dE./
10H#109% 0& () - Y10% 0& ()- @L0% 0& ()-10% 0& ()- 9!10% 0& () -

10% 0& () -L6] 667" 7t 77dE: /

10HF(10% o0& df matedial 0¥he haprd Il OFUK) Pht. NOY5,667,8)3 was already manufactured to
mL0% o0& () - 10% 0& () - 778888A99dE: / 10H

510% 08 () ApckQ Bk DA RS bifors el aBs Chapel ARSIV, pat. No.

4 38R sl S A
opaat 2RI GPRPKTIDE( D HiekngrRehd shabed ol é&oqé‘%ﬁf‘iﬁm 0 #2
10%4& () - ! 10%—l& g{ ?2%@ @;ﬁ@(AZAdlIIEan 10H: 10%4& () -, 6 109%4& (

410%4&' (§-, g SfdpapRrpximatgly Sfienm yu beng AwaAAAABbC 10H |

g10% & () - @10% & ()- '10% & ()-s10% & ()- 10H

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 the stacked shaped material of
Example 2 test articles, the dimensions of the entire stack was recorded and used for

10  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 sharp drop in load) was
observed before 6 mm of tensile displacement was reached. The gage length (in these

15  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. load 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 sheet's of

20  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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10H 10H>&10%4&' () - BBBCbCCDAEbC 10HSz 10% & ()- @0% & () -

10% & ()-s!10% & ()-!10% & ()-10% & () - D[ DDDOEEEJEbC 10H, $

%82%& () -WeRih s () - 10% & ()-10% & ()-#10% & () -110% & (heErkFFEG,CIEDC
10 & ()-.10% & ()-,,10% & ()-,*10% & ()-, Y(' ' 10% & ()-, & 10% & () - . GxGCECGG
GGxbC 10H10% & ()- 10\ 10\ 10\>910% & ()-:10% & ()-,,510% & () -
310% & () - GGHt HHHEI dEnbC 10H | 1096 & () - SELO% & () - S& 10% & ()-f 109% & () -
1096 & () - " 10% & Ypkcinle ditnbrdidnad daRas used to calculate each test article’s initial cross

10H, yz109% & () - &910% & ()- @ 10% & () - 109% & () - @0% & () - S10% & () - xJJ* KKK2L
LdEnbC 10Hf
10% & () - S( EQFTW“%?TE} Mg Was ten ysed 9 Galeulats teusile £psingering stigss yalBes 19 | | opvm
+N. NdEnbC 10H;
10% & () - f 5-52bwEes daga fié%*f‘f%’?’ta}‘°%zoﬂ%‘fﬁ“}&a‘€‘)’atf“ %i'b‘@/"'e&“’("} datp, alloysgitansile £ Ny
NKNLNVNZN NN CbC 10H@ 1048 ()-F10% & (). "10% & ()-s100& ()- 10" 10"
10" >: 109% & (CSIneFrsaoph Emte e mf@%!ﬁﬂfﬂ}ed 2&%%%9} artiglmy, Bdagtic. modulus was
| 10% & () - gﬁpO%& & S9310% & () - RRSAEbC 10H, #: ! 10% & () -
10% & () 51 18hpgalcplatsdqyaxizagtsd @sgznltbﬁ a and isghuangn )abwsl@iwwd EbC
10HO! 10% & ()-,.110% & ()-, @ 10% & ()- ,*10% & ()-,' 10% & ()-
10% & () - WUUUAWV VAYNC 10H 10\ 10\

TABLE3
A (mean + SD) B (mean + SD) C (mean + SD)
Ultimate Strength 121 +0.70N 248 +0.61 N 46.17 £ 529N
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

10 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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10\ >910% & ()-;10% & ()-Y7 10% & ()-,5 10% & ()-, 3-10% & () -
VW=WMEYNC 10H , y10%& ()-,L ! 109%& ()- @ Y10%& ()- @
109%6&' () -Wh 03RYEE () - S109B& () - WAKXXXYaYdEYNC 10H 9#109%6&pEtuse1/20220
1096& ()-M 1096& ()-109B& () -, - 109B& () - #109B& ()-aYYZpzZ([ 3[ dEYNC 10H
@ (10968 () - &&H#1096& () - @L0%& ()-@! 109B& ()-,' | 109B& () -,
109%& ()-3[[[*\\\]dEYNC 10H @10%& ()- @s! 10%& ()-0@¥10%& ()- @ @
109%& ()- @, 109%& ()- ' *109%6& ()-1]1/]10]1]2]>] M]bC 10HF 10%&: ()-

10944& () - s@, rgtpve(%;qg,pkog 1051 >: 1096& () -; 1096& ()-]] Gl __dEbC

10H, 10%—1&() @10%4& ()-, 10%4& ()-,M10%K ()-@
1094& dEbC 1 I TLOY&
10948 8 s_|10° ?)grwﬁg)&__r& xP nerzglz %mwgersa%gﬁg%wﬁ%&fz osteoxmplant of

10H, . 10%4& () - @! 109%4& ()-, s* 109%4& ().- F( S10%4& () -, &S10%& () -

10%4& () - hc ﬁ@alfcﬁjwherern the Piocompatitde fwd carmgr ¥osEad 0 (Wﬁlzqmww-

., 510948 ()-, 2T 10%4& ()- O0#10%4& ()-ddddSeef]fxY:/ 10Hg

10% & () -! 1@&&)&113( jhree parGiehs'edoh-contai¥ingS(Q prams ol @y, &hihpraliddd Bing)fibers from
10H f f f gngghdE: / 10Hz#10% & () - 310% & () - fs10% & () -&10%N & () -

10% & ()5 ! m/s\a&e(sbnm K)Jyrélpﬂob@hﬁed acthF Vﬁizéolzﬁ%&a{oh RIS % 34 )5, S OAsE A ) -
1 10% & ()-10% & ()-f 10% & ( kdE: / 10H

Ee T e T e e

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

Table 4 below.
10 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
(o 50 100 1.65 1.7 1.78

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

Ci3 -The shaped material of U.S. Pat. No. 5,507,813 prepared follm'Jving
standard operating procedure.
: Comparative Example 5
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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10\ >&10% & ()-; 10% & ()-Y710% & () - XI | Mumm\ ndEbC 10H! 10%4&' () - S

10948 () - y10%4&' () -, 10%4& ()-2Z, !10%4& ()- @0%4& ()-\nnoQoopZpdEbC

10H 10%-&y & b2/ i1139%& () - 9! 10%4& () - PCT/US01/20220

10%& () - 10%& () -1 ! L0%-& () - ZpppTqqr Er dEbC 10H, , 210%&! () -

10914& () -, " 10941& () %#10%14& () - #109%4& ()-!10%& ()-Errr ssssdEbC

10H: 10%4&’ () -, 7910%&’ () -, 4 10%%&: ()-, 2! 10%4& () -

s010%& ()-, F. 10%4& ()-sttttt"ttttbC 10HSI f 10% & ()- S@

109 & () - " 16efitaved tol90egrdey, andOhe idg babk waoeiegsured (relativa Byheleginal) HES,
10% & ()-@!' 1098 & ()-310% & ()-@A0W & ()- @

10% & () - S1Qfbeht gabsxw Eb&t&OHmMuJ@%&oéﬁm@H'lﬁQ%& 5(Be1<@0%' & ()-@
10% & ()-& 10% & 10% & () - xxEyyyQzzdEbC 10H&O ! 10% & ()-f.S 10% & () - S,
109 & () - Ss*! 10%& ()- SY(10% & () - &@S#lqom}g -zzM {{{{{{dYNC 10H 10" 10"
10" >910% & ()-; 10% & () - SF710% & ()- S5 )- S310% & ()-{{{5|||' }dEYNC
10H 10% & ()- @ 10% & (

10% & () - S@ 10% & () - LB shape lg“aﬁlff!(’% 0 5307, B{ PIE o-

10% & ()-,110% & ()-.@0% & °P& (%%e ‘j’e@ 10% & () - ~15dEYNC
10H SY(10% & ()-9&#18%0&Pe)m5$ @BP&%B% @ qmﬁﬁ“‘%‘) @0% & ()-

10% & () - GLEYNC 10H S5 10% & ()-S210% & ()-&0 10% & ()-S. 10% & () - Sy,

1098 & ()- , *10% & (B<hbC 10H' 19944& () - 109B4ek(tp 30 degredD"

10" >910% & ()-:10% & ()-S37 10% & ()-!r$v&JELC 10HL@

10%4& () - 31 10%H4& () - 1@MH& () -, 0% () -, ' BAKE26 Hegrd¥A& () - &J7dEDC
10H, 310%1&' () - mlOo%H& () - 10944 () 10944 ()-

6cm 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

lcm 90 Memory to 15-20 degrees

Sample prepared as in Example 2 above

8 cm 90 No memory

7 cm 90 No memory

6 cm 90 No memory

Scm 90 No memory

4 cm 90 No memory

3cm 90 No memory

2cm 90 Memory to 85 degrees (limp)
I cm 90 Memory to 15 to 10 degrees
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10914 () - yIVI].O%-i&' ()-7-dEDC 10H,, z10%K ()-nD,)

10944& () - m ZlO%—l& ()-%10%4& ()-, #@O0%H& () -, 9!'! 10%4& () - #}" %AABdE:/ 10H

10H>: 109 %)/H& () - @109%& () @! 10944& () TO#10%& ( peTAO S ) - ZBCO

xY:/ 10 0‘%5&' @O0%& ()-SY '10%& ()-,,10%& ()- "10%& ()-10%& () -

10HN@E: / 10H 9! 10%& () -, F410%& ()-,,z10%& ()-,:10%& ()- @Q1l0%& ()- @
1096& ()-*{(dE:/ 10H@(S 10968 () - &&#109%B&' () -

@10%& ()-'109%& D 10 6& ()-,10%¢& ()-+1dE:/ 10H@5! 109%B& () - @3,

1096&' ()- 11 abkld LlAlvigs :()- @ Y109%6&' () - @&*! 109%b& ()-bC

10H"'109%6& ()-109%B& () - 105 105 105>: 109%& ()-f; 109%& ()- @10%&' ()-s#z- dELC

10H, ! 109%& () -, 109%& ()-,f'110%& ()-@ 10%& () @ 10%& ()-@

109B& ()--2/ dEbC 10H@ 10%&' ()-,f 110%& ()-9& 109%B& () -

10%& () -, NM10% & 9gsteogenid Wstkoimplant in HHeGorm of a flexible sheet comprising a coherent

10H@ , 109%6& () - @&*! 10%& ()- @ 10%& ()- &% #10%& () - @ 10%& ()- @

1096& () - 156RREo Bdkeldd¥néd partiches, 1thdDdheront @hss formed at least in part from elongate

1096&' () - F@10%& ()-0@10%& ()-0@ 310%& () -nbbC 10HS

10%&: ()- @%Qx(@ﬁer(\)-'eléh@ﬁs éntich3P & c,(&mb.ﬂ&ﬁn%@ﬁaﬂ&éiféme@%éa ¢displagt 10H, ,
R i LR AR B L
o TOHOS100 %s?%gl%@%rége VER-OofBtte OF not SIRé thar abbAr 85

1096& ()-S, ! 1096& () - Ss* 1096& () - SF(MLOYB& () - 9, &#10%& () - 6] dYNC 10H 105
iga 105>: 109%6& ()-: 1096& ()- @ 109G& ()- , 4t 109%6& ()- @10%& ()-): 2dEYNC

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 osteoimplant 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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L& 109B& ()-, ! 1098& ()-, 1096& ()- ,109%6& ()-!10%& ()- 10%6& () - A& dEYNC
10H

Y 10968 (o odY&S () -! 1096& () -, s1096& ()-Y! 109%6& () - @' 1a%Hseihod2s" WIEYNC
10H S/ 109%& ()- S-1098& ()-3@ | 10%& ()- @ (! 10%6& () -

8S&&! 1096& () -, M 10%& ()-2Zw | dE:/ 105 105>: 10%6& ()- @

10968 () - S791 10%6& ()-S5 109B& ()- Ss3! 1096& ()- &Y1 ! 1096& () - bLXY: /

105, Z10%4&' () - MLO%H&' () - @ 310%4&' () - @ 10%4& ()- | 10%& ()- 10%4& ()-
105LDRdB: / 405!, #AO86tébitdlan} of Glal Yodherdin tHeA88ME phsticles comprise a mixture of
10948 () -, Yt ! 10%4& ()- ., 10%& ()-R22dE:/ 105! @ ! 10%%& ()-f &

" 10944 () - ; i 25&dE: /

105!, f 51004 K& 'ibk?% o 2%3%% s ang dchil demm'i b°n%m? )@I 10%4& () - G@
10948 () - & DEFGSbbC 105! 10%&' ()-"10%& () s10%& ()- 10H 10H

10K 10041 ()-y; 109K ()= dEDC

) il b R
10%& ( -'10‘%5&'

105! , 5nTLO°/<5t& ope &‘!6%&"5('3%@0%&‘ VP10 30 100& () - F&&" 109%6& () -,
10968 ()-bC 105!, M 10%4& ()- !s10%& ()-10%4& ()- 105 105 105>&109%B& () -
10%& () - C dEbC 105! y3109%H& () -
, S '10%—!&()-II\/I10%|& ()-,SH10%4& ()- 910%—!&(2l )
8. The osteoxmplant of Claim 1 wHerein the cohereht mass is mechanically shaped to

a specific three-dimensional architecture.

9. The osteoimplant 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.
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109%& ()-y, M 109 ()-nB"10%& ()-10% ()- 105
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 osteogenic

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 to the

composition before, during or after mechanically shaping the coherent mass.
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20.  The method of Claim 17 which further comprises dehydrating the heated,

mechanically shaped coherent mass 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.
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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 osteoimplant.

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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