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LYOPHI LI 220 DIN68BACKGROUND OF THE | NVENTI ON Bone grafti ngpCHUSHIR®BE08 used t o
treat fractures, non-unions and to induce 10 arthrodeses. Autogenous
cancel | ous bone, which is taken fromone site in the graftee and i nplanted
in another site of the graftee, is considered by nany to be the npst
effective bone graft. Autogeneous cancellous bone provides the scaffolding
to support distribution of the bone healing response. Autogeneous
cancel | ous bone al so provides the connective tissue progenitor cells which

formnew cartil age or bone. However, the harvest of 15 autogenous bone
results in significant cost and norbidity, including scars, blood |oss,
pai n, prolonged operative and rehabilitation tinme and risk of infection.
Furthernore, in some clinical settings, the volune of the graft required
by the graft site can e xgg tograft.
Accordingly, altern 14 D ggggLin an attenpt
to reduce the norbi T * 20 The use of
allogrd&ft bone or xen&dtANGERASSQGIANHD WiITH ZAHOMN and
veterinary nedicine. See Stevenson et al., dinical Othopedics and Rel ated
Research, 323, pp. 66-75 (1996). In particular, transplanted bone is known
to provi deB ACKGROUND IORTTHE INVENTION fil |l bony cavities, separate bony
el ements such as vertebral bodies, pronote fusion and stabilize the sites
of fractures. ARvR GASS §lat Qas rﬁhﬁ_ %H}*rﬂtﬁ' ET (RULE 26)
WO 02/ 15688 PC#PB@%%%%@%%%xmgggﬁ geve %pe ﬁJirnfoos apes orluse in new
surat Cl%l aﬁ‘ﬁlri)ggstels.ORafoggxgoug%anr‘]c%ﬁ’ouﬁo%fra,l v?ffugh Isoteriken from one site in the graftee and

implanted in another site of the graftee, is considered by many to be the most effective

bone graft. Autogeneous cancellous bone provides the scaffolding to support distribution

of the bone healing response. Autogeneous cancellous bone also provides the connective

tissue progenitor cells which form new cartilage or bone. However, the harvest of

15 autogenous bone results in significant cost and morbidity, including scars, blood loss,

pain, prolonged operative and rehabilitation time and risk of infection. Furthermore, in

some clinical settings, the volume of the graft required by the graft site can exceed the

volume of the available autograft. Accordingly, alternatives to autografts have been

developed in an attempt to reduce the morbidity and cost of bone grafting procedures.

20 The use of allograft bone or xenograft bone is well known in both human and

veterinary medicine. See Stevenson et al., Clinical Orthopedics and Related Research,

323, pp. 66-75 (1996). In particular, transplanted bone is known to provide support,

promote healing, fill bony cavities, separate bony elements such as vertebral bodies,

promote fusion and stabilize the sites of fractures. More recently, processed bone has
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| npl ants-that were historically made of non-biologically derived materials.
Because the use of preserved bone intended for inplantation to repl ace

di seased wopn2/nH68%i ng parts i s comon, the successful applPCBUS@R66G3 such
bone is predicated on 5 sound know edge of its biologic properties and its
capacity to withstand the stresses to which it will be subjected. Wen

m neralized bone is used in grafts, it is primarily because of its
inherent strength, i.e., its |oad bearing ability at the recipient site.
The bi onechani cal properties of bone grafts upon inplantation are

determ ned by many factors, including the specific site fromwhich the

bone i s t%Fﬁpd vElEﬁgec?&?o sHp¥s for Bk QR BuiDica hpSIftafiess, 6F Assiewoaterials g donor ;
od 'chbsen 10 E

and the ne repare, preserve, and store the bone prior to

i mpl antation. A nore detai.l expl anat i f i.an of the

bi onec hani“Bglla“tﬁ'lﬂggé”refqdlggogf:ﬁg'orﬁ%&)%@tnntohé’?@rggl ﬁ%ﬁ s&éﬁ%gslgga?%ﬁgg' its preservation
and storage may be found in Pelker et al,, din. Orthop. Rel.,.Res.,,

174: 54- 57( 1983 Becgysathgaise of n@sefﬁ%b@eﬁlﬁPnifﬁéefe’gmlﬂﬁat(%tg replace dissoSedor ve the
graft for later use and to renove i munogenic 15 cellular materials) can
conflict W trissirgepante éxkonunonribesuceessfubapnligationeafsush beneds pisdicated piir j ng t he
preparation of bone intended for inplantation the porous matrix is

typi cakl y ss@itlaniestiosiof fts blitogit properies arebitseapacifyl taivdthstand therstresses 1o cl ean,
defat, sterilize, virally inactivate, disinfect, and/or dem neralize the

bone or t Qvﬂimbggﬁﬁég g‘%bgvt&ﬁeq. D@MEN Wi PalBRE bHe WRER! iR Rod p@thady agents

(anti biotiCs, e actors, etc.) so 20 the bone can act as a drug

)
del i t See, U. S.  Patent . 5 . : ‘ | .
of the o r SReRHhDT BF ohRRE SRR sy TPR) Bgnpe%?%&é?@_%ﬂ%?tﬁ%%ﬁﬁ“'# S, Jep! anatton

processes, such as irradiation and _|yophilizatjon, can work against
conser vat ibomeshanibal prorguBsIf boreEgrakepnon rplqntation ajgFerormys / US01/ 26603

factors, including the specific site from which the bone is taken; the age, sex, and
10  physical characteristics of the donor; and the method chosen to prepare, preserve, and -
store the bone prior to implantation. A more detailed explanation of the alteration of the
biomechanical properties of bone by the methods chosen for its preservation and storage
may be' found in Pelker et al., Clin. Orthop. Rel. Res.,174:54-57(1983). However, the
needs for processing (e.g/,/to preserve the graft for later use and to remove immunogenic
15  cellular materials) can conflict with the need to conserve the toughness of the bone.
During the preparation of bone intended for implantation the porous
matrix is typically contacted with one or more treatment fluids to variously clean, defat,
sterilize, virally inactivate, disinfect, and/or demineralize the bone or to impregnate the
bone with one or more pharmacological agents (antibiotics, bone growth factors, etc.) so
20 the bone can act as a drug delivery system. See U.S. Pate;lt No. 5,846,484 for a detailed
explanation of the treatment of bone intended for implantation. Some treatment
processes, such as irradiation and lyophilization, can work against conservation of the

2
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mechani cal properties of bone and can | essen the bone's wei ght bearing
properties. Processing-requirenents can also create di nensional changes in
t he al | ogv@br/1s8he. Such changes of di mension can creat ePCRUEQER6643 hi n t he
tissue, and may al so nmake it difficult for a machined piece to
mechani cal ly engage with surgical instrunments, other allografts, 5 or the
prepared surgical site. Treatnent processes also can have a del eterious
effect on such inportant mechani cal properties as toughness. Inplants
denonstrating i nproved toughness are inportant as the insertion of sone
allografts can be quite energetic, e.g., the hamering in of cortical
rings useghdcharfipdl pRdpettitsioPBofd fidan lesSe e bl weight baringptopeitie on i s
currently distributed either frozen or 10 Iyophilized. It is generally

d i1 eezi { Lbi . e
gffgft teo . {géeﬁgége(-geé:uﬁ%mmg gésr* 5103 &reh2 %ﬁn#xﬁlo%ﬁr%ﬁ{nge{sﬁﬁ i ﬁﬁﬁfa‘?ﬂa@neﬁgucg 0C

and orage results In e If afy alteration in
its physical properties. However, freezjn one a§ a preservati
t echni que changed et finenpign Sam crepls aBﬁE%YVFtEJzS’Itﬂ R%ﬂl?sr%ﬂ@&?afal%q I&?lfe]iﬂ&ﬁf)‘flﬁg and

storage. Lyophilization (freeze-drying, i.e., freezing, then sublimation
of noi st ufeda inaclinedmiadeytopmechanipally engagowith swgisakinstrumenis, pthes plograis, or age
for up to several years w thout spoilage. Lyophilization renpbves excess

noi st use fo&@}{eﬁrbfa:&pﬂﬁ idaIckite e Cu@Bentipiocesidt hge Barchdve a ddbsteariotis effedt@nt he
Anmeri can Associ ation o% Ti ssue Banks ("A A T.B."), - lyophilized whol e bone

cont ai ni B0t ag,;haﬁ%aggag@we;ama%b 5 U Bt AlenIFRIratHp inpRguRar at ur es

for up to ter essl ng. wever, adverse changes in the 20

bi hani cal ti f the b tQ. . f
yophi 11 24PFESRESTRO RERTet = G AFRIOD 8 Poe APy L e it St ERTMTE o

due to dinensional changes that occur during the freezing and dehydrating
oper at i onanmiesingdy of eertipal gingsusesl inIpiga)HUTiPT SHIESHEET ( RULE 26)

Bone intended for implantation is currently distributed either frozen or
10  lyophilized. It is generally accepted that freezing monolithic bone to temperatures as cold
as -70° C. prior to its packaging and storage results in little; if any alteration in its
physical properties. However, freezing bone as a preservation technique is costly and f:an
be logistically difficult, e.g., shipping and storage. ﬂyophilimtion (freeze-drying, i.e.,
freezing, then sublimation of moisture) is commonly performed on bone to permit its
15  shelf storage for up to several years without spoilage.

Lyophilization removes excess moisture from the bone and reduces its
antigenicity. According to the American Association of Tissue Banks (“A.A.T.B.”), "
lyophilized whole bone containing no more than 6% moisture can be stored at ambient
temperatures for up to five years after processing. However, adverse changes in the

20  biomechanical properties of the bone have been found to result from the lyophilization
procedure. Lyophilization can result in damage to the bone due to dimensional changes
that occur during the freezing and dehydrating operations. The adverse mechanical

3
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WO 02/ 15688 PCT/ USO01/ 26603 changes appear to be associated with danmage
occurring in the bone matrix, specifically, wultrastructural cracks al ong
t he col | agen2/idekers. These effects appear to be magni fi edPCWI80L/26603

| yophilization and ganmma irradi ati on are used together. Studies using rat
bones to nodel the effects of |yophilization upon the conpressive
properties of cancellous bone 5 (conpression strength of tail vertebrae)
and the bending and torsional properties of the 1ong bones indicate that
conpressive strength can be reduced by up to 30%with little or no change
in stiffness, bending strength can be reduced by as nuch as 40% and
torsional chdngedipsarctaibelassociatidowith Bamage ocourfifgin fhedsre mamixgsecificeldyl ti ng
in bone that is brittle, have been found to occur even after the bone has

been rehyd ﬁ}agtﬁuctéaME&s%&%Jhﬁgolﬂa%ex?ﬁﬂﬁg”?ﬁés@ gff?ér;cs Eéﬁaﬂcg{b‘é‘}gﬁ@me\c}o el

| yophi li zation on mneraltiz one can oun

MedJ36: 332-335(1995),..and Pel ker.et..,al., J hop. S,. 1:405-411(1984).
Thus. o pr BEPRHOBRTEIo Sd g iragiaon s st o SEodies WOReHt BRS o 1 hat
is both tough and convenient to store and maintain. Because freezing and

t hawi ng bonmdelshe affentsef lygphl Bzatipnugon thetchmphessize puiperties of ¢apogllous bergt i on
results in reduction in the 15 toughness of the bone, it is the inventors'

bel i ef §ha 8 STensth GRiAhAHEREe PRE/1RY bepahanmadorsianilRofteies of¥he
dehydr a%i n&“’t e bone Ss%g met hods t)ﬁdaht rem)vteh%t he wat er rlﬁ)alggtoci ated with

t he bone ile dimnishi t he di.nensi opa h i . Wi

| yophi | i z\g?qn@(re?fmﬁsr?é‘g‘&%‘ﬁ SPBFFS3e %}fe %ﬁ‘eéang’c%r%&gl?g‘rlrgﬁ‘%o%do’? g’étgltl&ng%?’ Wit h
an anhydrous polar organic solvent such as ethanol, is known. See, for
exanpl e, Unschage in stiffness bending swength eandsaednged b aeweh as 40%,28d feyeiopalen
previ ously appreciated that applying this technique to bone results in an
i mpl ant havtréigth ¢aarbe\tedticed dymp hat0%alThpsearhengds aesultingyin bont thagisrbe’tde, Thus,
it is desirable to provide a nethod for dehydrating nonolithic bone 4

have been found to occur even after the bone has been rehydrated. A more detailed

10  explanation of the effects of lyophilization on mineralized bone can be found in Kang et

al., Yonsei Med J 36:332-335(1995), and Pelker et al., J. Orthop. Res.1:405-411(1984).
Thus, a problem exists in providing é bone intended for implantation that is both (

tough and convenient to store and maintain. Because freezing and thawing bone is
minimally damaging to the bone, whereas lyophilization results in reduction in the

15  toughness of the bone, it is the inventors' belief that toughness is maintained and/or
enhanced in the bone by dehydrating the bone using methods that remove the water
associated with the bone while diminishing the dimensional changes associated with
lyophilization. The dehydration of tissue, for example, by treatment with an anhydrous
polar organic solvent such as ethanol, is known. See, for example, U.S. Pat. No.

20 5,862,806 to Cheung. However, it has not been previously appreciated that applying this
technique to bone results in an implant having improved biomechanical properties, e.g.,
toughness. Thus, it is desirable to provide a method for dehydrating monolithic bone

4
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SUBSTI TUTE SHEET (RULE 26) WO 02/ 15688 PCT/ US01/ 26603 i ntended for

i nplantation prior to its packaging and storage that will better conserve
the bi oveehbziniessl properties of the bone, i.e., its tough@BESOIAGWM3Or

di rensions as conpared to |yophilized bone, fromthe tine the bone is
harvest ed t hrough the packagi ng and storage operations and to tinme of
inmplantation. 5 SUMVARY OF THE I NVENTION It is therefore an object of the
present invention to provide a nethod for dehydrating nonolithic bone
intended for inplantation in order to conserve the bionechanical
properties of the bone during its dehydration process and subsequent
packagi ngirerdled for imgdantation prics thifs packiging gndwipragathat wilt hetisr eerservgribe al
properties 10 throughout its rehydrati on and subsequent inplantation. It is

a further pRPhRBINIOA Proferiiciveiid Bhe] itk AfsA¥ightess dition dinalsiofie by corpdred)
nonol i thi c bone that reduces the dinensional change associated wth the

2 et hoa B RENTar4 PRRG ok Bl AR R ek A BN B nbse o

the bone graft. It is a further_ object, of the invention to provide a nethod
of dehydr &oragg opgishions and to timamel igpiantatioRi nal negative inpact to the

bi ol ogi cal properties of the bone graft. It is a further object of the

i nvent § on SUMPIARY @@F THRINVENTION packagi ng 20 dehydrated nonolithic bone
so that the bone may be stored at anbient tenperatures for an extended

period of tiney & ykrefoPar Gbjbdt YL GREENtAhvenABARS provideQuhetRyEREST Ve | 0SS of
its toughness.

dehydrating monolithic bone intended for implantation in order to conserve the

biomechanical properties of the bone during its dehydration process and subsequent

packaging and storage and to substantially maintain such biomechanical properties
10  throughout its rehydration and subsequent implantation.

It is a further object of the invention to provide a method of dehydrating
monolithic bone that reduces the dimensional change associated with the Iyophilization of
bone.

It is a further object of the invention to provide a method of dehydrating

15 monolithic bone that improves the toughness of the bone graft

It is a further object of the invention to provide a method of dehydrating
monolithic bone with minimal negative impact to the biological properties of the bone
graft.

It is a further object of the invention to provide a method for packaging

20 dehydrated monolithic bone so that the bone may be stored at ambient temperatures for
an extended period of time, e.g., up to five years or longer without excessive loss of its
toughness.

5
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5 SUBSTI TUTE SHEET (RULE 26) WO 02/ 15688 PCT/ US01/26603 It is a further

obj ect of

the invention to provide a nethod for the rehydrati on of

dehydr at ad0o rwnwBs t hi ¢ bone such that the toughness of theP&DUS0IZR66G3Ne ti me

of its inplantation is optimzed. It is a further object of the invention

to provide a nethod that mnimzes the 5 tendency for a partially

rehydrated graft to fracture due to the insertion forces applied by

surgeon. |

nmonol ithic bone inplant optionally containing one or nore

medi cal | y/

surgically useful substances, e.g., an osteogenic materi al

as bone nor phogris & fiptiet ebjest of BM:iayentlbﬁ td preyileandethodfor tlmb]elgcdranqu
ly set forth above will be apparent to those skilled in the art

speci fi cal
in view ofyg
keepi ng w

provi ded a

hﬁ?@rﬁ Jﬁ&hﬁﬂﬁ@%oﬁe%&lhﬂﬁ?ﬂh\é%@ﬂﬂests e tHeQorg ol th@tifReEitki cat i on.
es

t e and rel ated objectives of the invention, there is

to conserv‘g{flia %ogl%%tgqgm ‘cal properties of the bone during the
dehydrati on process and subse

bi onmechani
i npl ant ati

the i nvent

I e R e h’?‘gm@wﬁ*&ﬁa&%ﬁ‘é" IR it s

on. The nethod conpri ses: dehydratl ng w t hout ophi li zing the
monol i 5hi aelreney farrachartigiyorlysirated giall tolSlagtyreadus
ion includes the dehydrated bone obtained by the 20 foregoing

t he
t is a further object of the invention to provide a dehydrated

0 B@nesertm Frss ARplied Bect |

such

In

=h¥&lrat| ng nonolithic bone intended for inplantation

met hod('s) igoduesén.0f bone obtained by the invention herein. The expression
"nmonolithic bone" as utilized herein refers to relatively |arge

10

15

20

Tt is a further object of the invention to provide a dehydrated monolithic bone
implant optionally containing one or moré medically/surgically useful substances, €.g., an
osteogenic material such as bone morphogenic proteins (BMPs).

These and other objects not specifically set forth above will be apparent to those
skilled in the art in view of the objects set forth above and the foregoing specification.

In keeping with these and relate& objectives of the invention, there is provided a
method for dehydrating monolithic bone intended for implantation to conserve the
biomechanical properties of the bone during the dehydration process and subsequent
packaging and to maintain such biomechanical properties during the storage of the bone
preceding its implantation. The method comprises:

dehydrating without lyophilizing the monolithic bone; and,

packaging the dehydrated bone.

In another aspect, the invention includes the dehydrated bone obtained by the
foregoing method(s) and use of bone obtained by the invention herein.

The expression "monolithic bone" as utilized herein refers to relatively large
pieces of human or animal bone, i.e., pieces of bone, autograft, allograft or xenograft, that

6
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pi eces of human or aninmal bone, i.e., pieces of bone, autograft, allograft
or xenograft, that 6 SUBSTI TUTE SHEET (RULE 26) WD 02/ 15688 PCT/ USOL/ 26603
are of swd0r1wes as to be capabl e of w thstandi ng the sorpCDUSOESHhEN cal

| oads to which functioning bone is characteristically subjected. The
nmonolithic bone of this invention is to be distinguished fromparticles,
filaments, threads, etc. as disclosed in U S. Patent Nos. 5,073,373,
5,314,476 and 5,507,813, which, due to their relatively small 5 dinensions,
are incapabl e of sustaining signifi cant mechani cal | oads, either
individually or in the aggregate. |s further to be understood t hat the

expression "nonolithic bone e[ er whiclg: » bone
withits famofmhmzmasﬁcebeeqapableﬁxgw@%{ tllha)ﬂ(?rlgnop %l o suc o“rlle that has

been dem neralized to some mnor extent, i.e., to. an exteg . @ﬁh r.educes
the origi Fahctivrimgigire ivtharduteristerdlytsybisetedro e mpnolithishape 8t %b%‘lng 1°" Fhe 10
monol i thic bone can be provided as a single integral piece of bone or as a

bi ece Of RgBE aiiEEIRARIKYY parrRabfledel dincas eticberdissfossain VeP. Priert
el enent s, discloséd and claimed in U S. Patent No. 5,899, 939 t he

contents g&é,so‘“’ﬁeo“@gﬁ%es e} E&’?@@{d@ £6% 418! GhithDite tb Elcarenaeely Araliough

nonol i t hi (‘:o’n ain Tactord which are osteogenic, nmonolithic bone

can al so contain addition r.ials m ent
12 52, Siuin o LA B DS Sy it

reference, which will remain with the bone affer its. re, Rd will
be presentordh thhaggregnte. di isi fupheniie he pederstaatkihahips ©XLF 8}‘?“" ﬁﬁ’t“ﬁg‘”ﬁ

utilized herein is intended to nean any one of the princi p bi omachanl cal
proper ti es..pfs RPRGly MPeGlikéCHInky.d. ohudithgts falhpatuesd Jeyel @ftm@ﬁ@l fFonteRly exur al

nodul us, torsional rmdul us and vyi eI d strength, as well as the sum of these
20 propert a!tr?ds 10 st bof HatiebhaG! &lifdrhkzedto Q&ﬂ@mmor extent, i.e., to an extent
which reduces the original strength of the bone by no more than about 50 percent. The
10  monolithic bone can be provided as a single integral piece of bone or as a piece of bone
permanently assembled from a number of smaller bone elements, e.g., as disclosed and
claimed in U.S. Patent No. 5,899,939 the contents of which are incorporated hérein by
reference. Although monolithic bone can contain factors which are osteogenic,
monolithic bone can also contain additional materials, €.g., as disclosed in U.S. Patent
15  No. 5,290,558 the contents of which are incorporated herein by reference, which will
remain with the bone after its rehydration and will be present at the time of implantation.
The expression "strength" as utilized herein is intended to mean any one of the
principal biomechanical properties of bone, specifically including compression strength,

flexural modulus, torsional modulus and yield strength, as well as the sum of these
20  properties, that are characteristic of bone.
The expression “toughness” as utlhzed herein is intended to refer to any
characteristic that qualitatively can be descnbed as the way in which the bone fails, ie.,
, .
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The expression "toughness"” as utilized herein is intended to refer to any
characteristic that qualitatively can be described as the way in which the
bone fai V0 02/1%88 7 SUBSTI TUTE SHEET (RULE 26) WO 02/ 156B8T/BSM/26831/ 26603
how t he bone undergoes deformation prior to fracture. For exanple, bone
that exhibits inprovenent in toughness would be nore desirable than bone
havi ng | ess toughness. Quantitatively, "toughness"”, as utilized herein, is
a nmeasure of the energy absorbed by the osteoinplant prior to breakage and
is expressed in units of force tinmes length, such as 5 Newton-mllineters
(N-mm . The expressions, "toughness-enhancing", "conserving the toughness

of the bong.w uRMNE¥RIRSSIs ABHrAhtidd ForitRAEreS FRE kxSl HRE Hapochiliey €in to

mean that the nonolithic bone dehydrated in accordance with the invention

shal | denonstrate at |east gre r.th . % i . Ln ughness as
conpar ed tJHEVEISH 4 g eﬁ%‘gﬂﬁ?%%?r??%%%gﬁ%%&qn g ﬂgﬁlgg E%ﬁkoug%fﬁeygr ated in
accordance with the inventiqn herein w || denonst r(gt e | nproved a&il)l ity to
Wi t hst and Qrantitasivelys “ouglhnesE dasiiilizeg heren, isa measure ofdhenersy dgorbed By HE 1 hat
is |lyophilized. The expression "di nensi onal -conserving" and expressions of
| i ke i npordsteiimplanbprioriotirnkigeadd heexpressedonmeinof foate tinnes lemgilpIsiicthasc bone
treated in accordance wth the 15 invention, shall denponstrate at |east

about 2% | RewtodariiBRASRrd (N-m@f)9t h di mension as conpared to bone that has
been | yophilized. That i's, bone dehydrated in accordance with the

i nvention herei | st I 1 Hic : 1%;] I afd han
| yophi |l i zed bo'g}éé.,\é’lf\keesgi?gg m%']gﬁ%egg r?gtzza?ﬁmg’?e*' Qan ﬁ’é@p{rhgi%l onégg?ﬁ-ieiq{%élg i npor t
shal be ugn%eerxﬁeggignst c())f like import shall be understood herein to mean that the monolithic

bone dehydrated in accordance with the invention shall demonstrate at least greater than
about 5% increase in toughness as combared to bone that has been lyophilized. That is,
10  bone dehydrated in accordance with the invention herein will demonstrate improved
ability to withstand the forces occurred during implantation as compared to bone that is
lyophilized.
The expression “difnensional—conserving" and expressions of like import shall be
understood herein to mean that the monolithic bone treated in accordance with the
15 invention, shall demonstrate at least about 2% less decrease in length dimension as
compared to bone that has been lyophilized. That is, bone dehydrated in accordance with
the invention herein will demonstrate less shrinkage after dehydration than lyophilized
bone.
The term "biocompaﬁble" and expressions pf like import shall be understood to
20  mean the absence of stimulation of an undesired severe, long-lived or escalating
biological response to an implant and is distinguished from a mild, transient
inflammation which accompanies implantation of essentially all foreign objects into a
-8
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20 nean the absence of stimulation of an undesired severe, long-lived or
escal ating biological response to an inplant and is distinguished froma
mld, traneozmessinflammti on which acconpani es inpl ant at POVUSS/BWsEent i al |y
all foreign objects into a 8 SUBSTI TUTE SHEET (RULE 25) WD 02/ 15688

PCT/ US01/ 26603 living organismand is al so associated with the nornal

heal i ng response. Materials useful to the invention herein shall be
considered to be bioconpatible if, at the time of inplantation, they are
present in a sufficiently small concentration such that the above- defined
condition is achieved. 5 BRI EF DESCRI PTION OF THE DRAW NGS Figure 1

repr esent sliving op@mdn At i& akeREsdeleAarfttle a6l Aedlthgtresgonse. | M¥RAhIsQBeful ,
herein. Figure 2 is a photograph of a freeze-dried nonolithic bone after it

was subj eci il 10y GATRLERSHATLE Sl I BRI Bo bib o AHIEISalfe fylag! 007 aph of a

frozen nono one after was subj ec compression to fracture.
Figure 4 is raph of the average degree of fragnentatiqn by donor.
Figure 5 ignﬂaxgtﬁ%ﬁhtleﬂwmrea%ﬂra@@lfgeaﬁﬂ STl qopgeiRtieR sp thafzth? ratenent .
Figure 6 is a graph of the percentage dinensional change by treatnment. 15

DETAI LED D&girdrondionis athievedlVENTI ON Bone for inplantation is obtained
e.g., aseptically in a norgue or an operating roomfrom a cadaver donor or

from a 3 i VBROEHDRYCRIPITIONWF THEADRAWINGSSUr gi cal excision or anputation.
The bone is cleansed using, e.g., 70% et hanol and washed with water for

Figure 1 represents the monolithic bone processed according to the invention

herein.
Figure 2 is a photograph of a freeze-dried monolithic bone after it was subjected
to compression to fracture.
10 Figure 3 is a photograph of a frozen monolithic bone after it was subjected to
compression to fracture.
Figure 4 is a graph of the average degree of fragmentation by donor. ‘
Figure 5 is a graph of the average degree of fragmentation by treatment.
Figure 6 is a graph of the percentage dimensional change by treatment.
15 DETAILED DESCRIPTION OF THE INVENTION
Bone for implantation is obtained e.g., aseptically in a morgue or an operating
réom froma cadave;' donor or from a living donor’s tissue obtained by surgical excision
or amputation. The bone is cleansed using, e.g., 70% ethanol and washed with water for
injection and sonication. This use of alcohol in the initial processing of bone for
20 implantation is common to the industry and may have some dehydrating effect.
However, the dehydrating effect, if any, is negligible and would not bring the bone within
the less than 6% water content required by the A.A.T.B. prior to storage of bone intended

9
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injection and sonication. This use of alcohol in the initial processing of
bone for 20 inplantation is common to the industry and nay have sone
dehydr at iwgozifeegt. However, the dehydrating effect, if argT/Us&l/2seqpl i gi bl e
and woul d not bring the bone within the |ess than 6% water content
required by the AAT.B. prior to storage of bone intended 9 SUBSTI TUTE
SHEET (RULE 26) WO 02/15688 PCT/ US01/ 26603 for inplantation. The bone may
be treated with antibiotics such as polynyxin B sulfate, bacitracin,
and/or gentam cin, and nay contain trace amounts of residual antibiotics.
Cleansing, cutting, sizing, shaping, container sterilization, filling,
dehydr at i ofor inalantatiéro P&y Bong nidyriettieated withyankiBiopies §&hrﬁegolgﬂ@ﬁfn B oilghtd,i ons
foll ow ng industry standards for 5 tissue handling. The bone enployed |n

t he invent SRR Carlt cl es
"filament sB 9ﬁr"amlr g:gd/ {ﬁlgpp@'ﬁgiﬁhﬁgga%é&%ﬁﬁq%dw Eﬁcg nt
5,073, 373, accordlng to the

nmet hod of Qlﬁ%"%%}%/ml?f’%ﬁl%‘ g??é‘?%\lc?g}alge’fséffrg B@T iﬁllnéﬁ’ gghyé?aé segnent of

donor bone and g@ﬁntended for a atiop.into a corres&(é)ndl ngly
rel ati vel ylORREHRS Hrcdens ey bg serditionsfolewiag i gpndards fiee bone
herein will possess di nensions of | ength on the order of about 2 mmto

about 300 tissuealreadfingf Encabdng eatployedsn thelineentidn ismfmeormfithic pro@ortionsin
Simlarly, dinmensions of wwdth will be on the order of about 1 nmto about

600 mMm an@npagtierpbliolesit "fll@asrts, Abbtdadd" M8iifsy" @bPal debélibeih U, MRSt Ons of
t hi ckness will be, on the order of about 1 mmto about 30 mm and -

pr ef er abl yyat 3931%9%8509%47% 20 5 90P8LHTHIY. the bEAB trd¥R &e&dg& S fer al

met hods, including but™ ndt 1imted’ to cutting, formn machi ni ng can
L:?g: |ny| gbqtl%b%c}.'&é Q f@%ﬂtg?xéx;ls-hggaeerg elltggly"lgr%g%giercgto{'g men of &noxggon%talnldl zed
is intended for implantation into a correspondingly relatively large defect or other
10  implantation site. Typically, the bone herein will possess dimensions of length on the
order of about 2 mm to about 500 mm and preferably at least about 5 mm to about 100
mm. Similarly, dimensions of width will be on the order of about 1 mm to about 600 mm
and preferably at least about 1 mm to about 100 mm. Dimensions of thickness will be.on
the order of about 1 mm to about 30 mm and preferably at least about 1 mm to about 10
15 mm. Any one of several methods, including but not limited to, cutting, forming and
machining can readily obtain such bone.
The expression "dehyd'rating liquid” as utilized herein is intended to refer to any
suitable solvent or mixture of solvents having a vapor pressure at relevanf temperature,
i.e., the temperature at which dehydration takes place, such that the solvent is readily
20 passed off by evaporation. Such dehydrating liquid(s) will be suitable even if ordinarily
considered to be toxic so long as the amoun;c of dehydrating liquid, if any, present at the

time of implantation does not produce a toxic response. Examples of dehydrating liquids

10
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sui tabl e solvent or m xture of solvents having a vapor pressure at relevant
tenperature, i.e., the tenperature at which dehydration takes place, such
that thewob¥ewssis readily 20 passed of f by evaporati on. PGNEROI®HOBdr at i ng
liquid(s) will be suitable even if ordinarily considered to be toxic so
| ong as the anobunt of dehydrating liquid, if any, present at the tine. of
i npl antati on does not produce a toxic response. Exanples of dehydrating
liquids 10 SUBSTI TUTE SHEET (RULE 26) WD 02/ 15688 PCT/ US01/ 26603 usef ul
in the invention herein would include but not be limted to, polar organic
solvents, e.g., alcohol, typically a | ow nol ecul ar wei ght al cohol such as
met hanol , géeidnfkhe ink&RRMAURAMPWoulld Hchide but AGYRUIERA to, &Hﬁ%r@iﬁ?}@%ﬂﬁnts@. |

I stol ogi ca

acetonitrile, pyridine, industrial nethylated spirit, etc.;

sol uti on, g, e " pokar L.vent,, .e.q., 5 dijethylsul foxide,

smal | ket o%‘g'ﬁ ?lcggéélt @Héb%ﬂgﬁll%vrvgx}olcl)er%}’lrlua?‘ﬁﬁlgﬁ%]%o&’éﬂ %ﬁqhoalsin&%haé’ﬂg eh’f’ﬂ P ene
chloride; straight chain hydrocarbons, e.g., hexane, pentane_and simlar

al kanes: | §@propgnaldmtanol,igshytanok playhutanol cagetqnitrile, pedine.dndustrialt hy| et her

t etrahydrof uran, di oxane, ethylene glycol nonoethyl ether, crown ethers,
etc.; al dempthylaved spafitieicg héstelogical solivman, e.al, dddny HEY; melay solvents ergl, dehyde,
formalin, etc., at |ow tenperatures such that cross-linking 10 does not
proceeds sgipdithydsulfoxi®), sthhllkétbnes icttone; CHlobsBrd R¥th¢RnOELIBNEE AEEMhaMd | de at
supercritical pressures, mxtures of any of the above liquids, etc. Such
dehydratin : b O : [ Mok TaTocNNT Y] efent virtue
of Y heor ag}l?ﬂldéij ‘éﬁ&kﬁhf%x{%%«ﬁ@daﬂa%&g.lg., ﬂe}?zﬁ%?% %m:sﬁﬂla& DfkaRdCRED

Ity to extract wat er om one, e not reactl ng

adversely with the bon Such dehydratin | Lquids.can.preferably be
rosent | riialegplan S bl Fieeties it MG, Bl Bt L SRS ABARES 3R ot hanor
70% et hanol , 95% et hanol , absol ute ethanol, which serves to pronpte the
removal  of ethylenealyeel rmemesdivhetber, oo ethets, isn gldehyieortsohsions containing

aldehydes, e.g., formaldehyde, formalin, etc., at low temperatures such that cross-linking
10  does not proceed; super critical fluids, e.g., carbon dioxide or hydrogen sulfide at
supercritical'pressures, mixtures of any of the above liquids, etc. Such dehydrating
liquids may be selected in accordance with the present virtue of their ability to extract
water from the bone, while not reacting adversely with the bone. Such dehydrating
liquids can preferably be present in a graded series of aqueous concentration, e.g., 60%
15  ethanol, 70% ethanol, 95% ethanol, absolute ethanol, which serves to promote the
removal of the water associated with the monolithic bone.
The dehydrating liquid should have a viscosity at 20° C. of no greater than about
1410 cps, preferably the viscosity is between about 2 and about 300 cps. The preferred
dehydrating liquid is a series of graded dehydrating alcohols .
20 The bone is contacted with the dehydrating liquid in a suitable container, e.g., a
120 ml or 500 ml bottle, optionally with mechanical stirring. Optionally, the dehydrating
liquid can be applied by infusing, e.g., employing a pressurized system such as that

11
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The dehydrating |iquid should have a viscosity at 20 C. of no greater than
about 1410 cps, preferably the viscosity is between about 2 and about 300
cps. Thewoei/ewsed dehydrating liquid is a series of grasetudaemseisati ng

al cohol s. 20 The bone is contacted with the dehydrating liquid in a
suitable container, e.g., a 120 m or 500 m bottle, optionally with
mechani cal stirring. Optionally, the dehydrating |iquid can be applied by
infusing, e.g., enploying a pressurized system such as that 11 ,:SUBSTI TUTE
SHEET (RULE 26) WD 02/ 15688 PCT/ USO01/ 26603 described in U S. Patent No.

5, 846, 484 the contents of which are incorporated herein by reference.-

- Pr et r eat ganbiped inf .85 PRSI, BBA6IB4 REOSRER Bl ad ihddrporited Rerein BYo.
5,846,484 or a process using varying |levels of positive pressure can

i nprove the speed, at ich t.he dehydrati [ QLlhl Ch - ty at t pssue.
Opt i onal | fp,e%ertei‘\%e"gpé%??ﬁ\ﬁg?%r?étnﬁuaw ngglﬁ%#e&’gs %égﬁil%?tlggngﬁlfaﬁ' I\t??sig’%gfﬁe&ti n the
presence of a | ow pressure atnosphere such as that described in U S.

Pat ent Noor &pRtessaBingtvaryin®levels oE pesitivgiressusean impiovp Hieaspe # rishthsy
reference or in-the | ow pressure atnosphere provi ded by vacuum packagi ng
the bone e dratBlpdfuid petGtrhtesithie dissitel IOptiongllyy theaduhydnatingliquid c@pbe onal |y, the
dehydrating ‘liquid can be contacted with the bone in the presence of

2l Ler Nt | 0 ACHUL 30 B el RS B et ASeph o ihsled by the

rocessor comrercl y available from
Shandon Li pshaw USA or preferably akura Tissue- TEK(r) VI P,150TM _ vacuum
i nfiltrat deseribpd i E-Sof B@E&Mfﬁérﬁér@f %qut?}’t%ﬂ’/é‘ivﬁgtbﬁrg"%?%Pﬂrgtﬁﬁé?rglq%%emk,
USA. As one skilled in the art will readily appreciate, the optimal_ tines

and | evel sefefened dmeinriat lomopressureiatmpsnbierei previgedby vacaup pagkaging-ge pens andy e

pressure can be determ ned 15 through routine experinentation. The tissue

processor gahdiing Iuid BELiASHY dicaiin@alef. Optonally, the dehydrating liquid can be
contacted with the bone in the presence of alternating vacuum and positive pressure such

10  asthat providéd by the Hypercenter™ XP Enclosed Tissue Processor commercially
available from Shandon Lipshaw USA or preferably a Sakura Tissue-TEK® VIP150™
vacuum infiltration tissue processor commércially available from Sakura FineTek, USA.
As one skilled in the art will readily appreciate, the optimal times and levels of
alternating vacuum-positive pressure or varying positive pressure can be determined

15 through routine experimentation. The tissue processor allows for the dehydrating of the
bone when preferably a graded series of dehydrating liquids is used.

To assist the dehydrating liquid in penetrating the small pores of the bone, the
bone and dehydrating liquid can be advantageously subjected to sonication. It has been
determined that contacting the bone with dehydrating liquid in an ultrasonic bath

20  improves the penetration of the liquid into the tissue. Sonicating bone is well known in
the art and is described in U.S. Patent 5,797,871 the contents of which are incorporated
herein by reference. Of course, it will be understood by one skilled in the art, that 'the
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bone when preferably a graded series of dehydrating liquids is used. To
assi st the dehydrating liquid in penetrating the small pores of the bone,
the bonavanziisehydrating |iquid can be advant ageously sub{PUS@E®R6-G
sonication. It has been determ ned that contacting the bone with
dehydrating liquid in an ultrasonic bath 20 i nproves the penetration of the
liquid into the tissue. Sonicating bone is well known in the art and is
described in U S. Patent 5,797,871 the contents of which are incorporated
herein by reference. O course, it will be understood by one skilled in the
art, that the 12 SUBSTI TUTE SHEET (RULE WO 02/ 15688 PCT/ US01/ 26603

cont act i ng,gfa HHe DAL BoNd Hith iHaeHRISHA quiicdn beatticdasut bg aapesimbhation by
any conbination - of one or-nore of the foregoing. After the bone has been
in contact with the gﬁl grati.n liquid. for a period of about 5 mnutes to
about 7 defOneSFEL; g‘ﬁ?g‘\‘ st about one hour, it can optionally be 5
shaped prior to renoval of the dehydrating |iquid, Such, shaping,can be
acconpl i shed byAftenthe bong, has bean in gontaeiarith-ing gelydrajing Muifje&’ﬁédj’eﬁgdé’gapi ng
bone. Thus, the bone can be rough cut, processed with dehydrating |iquid,

further shapags asnstesioradeut 7dags peefbiabitat thabtaibofitoviethenr, it neptionaly be
necessary. Such shaping of bone intended for inplantation is well known in

h i s, described | MO B, opi b
are 16 | reopBbgEdh oiifel f b SonyfBling Muid, sid gl ol b R e by

processing steps, the bone intended for, nplantati e further
dehydr at edcutidng, SHBE,FRISABIRG FO mrethad saning bhie, s e gmé%ﬁfr‘%&%, t he
bottl e containing bone and dehydrating liquid is initially frozen to -76C
wi th the beaghamgipmebssetd with dehyidrajmigdiquis; Srthoeshagedasiesised dhanpukjepteddam of
| ess than 100

further processing if necessary. Such shaping of bone intended for implantation is well

known in the art and is described in U.S. Pét. NQ. 6,025,538, the contents of which are
10  incorporated herein by reference.
After shaping or other optional processing steps, the bone intended for
| implantation may be further dehydrated following procedures well known in the art. For
example, the bottle containing bone and dehydrating liquid is initially frozen to -76°C.
with the bone and dehydrating liquid later being subjected to a vacuum of less than 100
15  millitorr while the temperature is maintained at or below -35°C. The end point of the
procedure is the determination of residual moisture of approximately 6% or less. Once
the bone has been dehydrated, it is stored in sealed, vacuum-contained, bottles prior to its
reconstitution and use although, of course, any suitable packaging means, e.g., polymeric
tray packages (inner and outer sealed trays), are entirely suitable and are envisioned as
20  being within the scope of the invention herein.
Other methods of dehydrating and/or dehydrating liquid removal would include
but not be limited to: contacting the bone with a graded series of dehydrating liquids;
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15 millitorr while the tenperature is maintained at or bel ow -35C. The end
point of the procedure is the determ nation of residual noisture of

appr oxi maweby1888 or | ess. Once the bone has been dehydr ap€dyset266@ st or ed
in seal ed, vacuum contained, bottles prior to its reconstitution and use
al t hough, of course, any suitabl e packagi ng neans, e.g., polyneric tray
packages (inner and outer sealed trays), are entirely suitable and are

envi sioned as 20 being within the scope of the invention herein. O her

met hods of dehydrating and/ or dehydrating |iquid. renoval would include but
not be limted to: contacting the bone with a graded series of dehydrating
li qui ds; coftag@iBSHe Ponerwithehydratiog Hqpig)in o mroseRcewdbetnee 056 feSieny
contacting the bone with dehydrating liquid in the presence or absence of a
desi ccant g em@leculiiieedrydousveciuanijatideyanhydious sitice b¢loeticd sybjestingdr ous
silica gel, etc.; subjecting the bone to m crowave energy such as

descri bed 4 Ny dheFo nfabwadenefoyostiEh 8¢ deskiiBedGa . SR, NOf4,698,047 thé Contents

i ncorporated by reference herein; subjecting the bone to heat at anbient or

5 sub-atnmo eri c pressure .4, LYl about
35C. to al?gg‘fq“dé‘g& ,COW@%(f%ﬁe&g%%’S&‘F%ﬁggyﬂgﬁagg%%%&gggﬁ?éﬁ E@g{%ﬁ% oven at
tenperatures fromabout 35C to about 85C , pref%éaéabl% abosﬁé 40@8 t o about
50C. ; $§ubjsebiatmespheréc pressurasce-&udrying Q¥§8 phisrperagyr &P nt- 190 hce or
absence of a desiccant, e.g., closed container subjected to vacuum

opt i onal | yg5e@nipaiferably abowte§PC aanbosisORC aer wachym oves atctampemamraoiem|abeitde,
anhydrous silica gel or the like; subjecting the bone to anbi ent

tenperat urggc-af, ab%ﬂ?‘%s‘f’g.t R rSb1D 2BHERRBPO b iaBoiRr5BSC Y isje@ing th@borleytpisal | y
found in,a"l aboratory ahe -top or conventi onal fume hood; alternative

 gher  t erRRPRIGT PSSR B BErR o reatetetEicrthil SRy aute © 2 2

subjected to vacuum optionally containing a desiccant such as anhydrous calcium

10  chloride, anhydrous silica gel or the like; subjecting the bone to ambient temperatures at
ambient or sub-atmospheric pressures such as typically found in a laboratory bench-top or
conventional fume hood; alternative lyophilization procedﬁres such as starting the
lyophilization cycle at a higher températme to dehydrate the tissue then reducing the |
temperature and pressure to freeze the tissue and sublimate any remaining moisture as

15  described in Balderson, et al., The eﬁ"ect;s' of freeze-drying on the mechanical properties of
human cortical bone, 45th Annual Meeting of the Orthopaedic Research Society, : 785,
(1999), the contents of which are incorporated by reference herein; or by a combination
of one or more of the foregoing. It will be understood that all references to vacuum
herein, unless otherwise specified, refer to vacuum pressures as are usually provide by

20  standard éources of lélboratory vacuum, e.g., vacuum pump, air-water venturi device, etc.

The monolithic bone treated in accordance with the invention will exhibit a level

of toughness which is at least about 5%, preferably at least about 10%, and more
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tenperature and pressure to freeze the tissue and sublimte any remaining
noi sture as 15 described in Balderson, et al., The effects offreeze-drying
on the naedaniwsd properties of human cortical bone, 45t ACRURUZ66MEet | ng
of the Orthopaedic Research Society, : 785, (1999), the contents of which
are incorporated by reference herein; or by a conbination of one or nore
of the foregoing. It will be understood that all references to vacuum
herein, unless otherw se specified, refer to vacuum pressures as are

usual |y provide by 20 standard sources of |aboratory vacuum e.g., vacuum
punp, air-water venturi device, etc. The nonolithic bone treated in

accor dance, v ' ' ' hd2l le spéciteneNmeaslitie ch is
at | east gﬁ%%%ahg’g/%% ?egﬁ{e]%bg’%!)ﬂ? gﬁ@(a't%rélﬁ%{?h %lggﬁ'?o ri11 % arsl'gé nmore 14 SUBSTI TUTE
SHEET (RULE WO, 02/,15688 ' PCT/.1JS01/.2 r ut 15%
greater t é’ﬂet“il?é%”ﬁfgﬁenclg%égg q?elngg%@?nﬁb%ﬂg%g@g}n%iﬁcﬁé@ tgglgeov\hi ch has
been Iyophilized, In addition, Rhone dehydrated accarding t.0 the invention
her ei n deﬁﬁ%‘ﬂlpaf‘%@"h‘iel?@égﬁte%@gﬁqs" st %‘géesag‘e?fs%én f‘?’i@a’eé}a}eﬂﬁaﬁi Aensi on as
conpared to bone that has been |yophilized. At this point, the bone can
opt i onal | yobmared t6 bonehnt Isisdoenllyophiived: d\tyshis paigt,nlbe bonecan optienadly\hgr i ety of
condi ti ons by which dehydrated bone can be rehydrated prior to

i mpl antat i RherIAAIdNiok RpatRhyids.at ed bone in rehydrating solution at nornal
at nospheric pressure can performrehydration. Alternatively, the dehydrated

bone can be rgﬁr}yeg% %%quah%aosfg:ﬁ}(&iﬁ‘&&%?%ﬁgﬂ GRS ohe RRY bé fURYBAted f OF

exanple, the r ion utron can be 1 htroduced via hypoderm c

needl e through the seal ed, r ubbe opper... The rehydration.solution can be
any of a rﬁi’f%é‘?ln@i?la%iﬁ‘il?naﬁ%‘y%{‘ééh‘i éé‘yg‘gﬁda@n%FHPFY%“‘%?OQ‘:&,‘O%P%PQS al i ne,
physi ol ogically buffered saline, dextrose solution, antibiotic

atmospheric pressure can perform rehydration. Alternatively, the dehydrated bone can be

rehydrated in a low atmospheric pressure environment, for example, the rehydration
10 solution can be introduced via hypodermic needle through the sealed rubber stopper.

The rehydration solution can be any of a number of suitable agents such as sterile
water, nofmal saline, physiologically buffered saline, dextrose solution, antibiotic
solutions, and others of this sort. Optionally, it can contain one or more wetting agents
such as any of the Pluronic™ agents or any of a variety of medically/surgically useful

15  substances such as antivira] agents, particularly those effective against HIV and hepatitis;
antimicrobials and/or antibiotics such as erythromycin, bacitracin, neomycin, penicillin
B, tetracycline, viomycin, chloromycetin and streptomycin, cetazolin, ampicillin,
azactam, tobramycin, clindamycin, gentamicin, etc.; amino acids, peptides, vitamins,
inorganic elements, co-factors for protein synthesis; hormones; endocrine tissue or tissue

20  fragments; synthesizers; enzymes such as collagenase, peptidases, oxidases, etc.; polymer
cell scaffolds with parenchymal cells; angiogenic drugs and polymeric carriers containing
such drugs; antigenic.agents; cytoskeletal agents; bone morphogenic proteins (BMPs),

15
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solutions, and others of this sort. Optionally, it can contain one or nore
wetting agents such as any of the Pluroni cTM agents or any of a variety of
medi cal | yeoz/gieeaal | y useful 15 substances such as anti vi r BCT/@§e6603
particularly those effective against H'V and hepatitis; antimcrobials

and/ or antibiotics such as erythronycin, bacitracin, neonmycin, penicillin
B, tetracycline, viomycin, chloronycetin and streptonycin, cetazolin,
anpicillin, azactam tobramycin, clindamycin, gentamcin, etc.; amno
acids, peptides, vitamns, inorganic elenents, co-factors for protein

synt hesi s; hornones; endocrine tissue or tissue 20 fragnents; synthesizers;

enzymes such grggg%'ﬁa o g@g}degaﬁ,gﬁaﬂmqme%gm faBlof aggf@L W¥Rlin-likE! |

scaf f ol ds I'ogeni ¢ drugs and freric carriers

containing such drugs;_antigenic.agen}s; osk agept,s; bone

ot phogent Eropb R VpIRLR): Pisle Elgethoufiiesir BPER 6N b oatiych

PCT/ US01/ 26603 transformng gromh factor (TG--beta), insulin-like growh
factor (| Gissomatotropim,iete.l i ke growth-factor two (1 GF-2); platelet derived
grow h factor (PDGF), growth hornones such as sonmatotropin, etc. The

rehydr at ed nonolrhé fihg dResdamerictigde boneaeeidl argoiding toehereethod hemireisn is 5
intended to be applied at a bone defect site, e.g., one resulting from

oy NPl ot o ey magryy ecan,
var oty of Aot HupRIE congt PhatbF oar ik el Bhhuexr EMAERERT, "5 i ca
Ponuni ons. mbboBRatim Ahedoaoi S B PRSI TPORTE: (s HPHL e b Buch as
arthrodesis, general arthroplasty, cup arthroplasty of the hip, fenoral
and huner abr hpidement iaasvidavarideobortiopedic, neurosurgical and oral and maxillofacial
surgical procedures such as the repair of simple and compound fractures and nonunions,
10 exiemal and internal fixations, joint reconstruction such as arthrodesis, genéral
arthroplasty, cup arthroplasty of the hip, femoral and humeral head replacement, femoral
head surface replacement and total joint replacement, repairs of the vértebral column
including spinal fusion and internal fixation, tumor surgery, e.g., deficit filling,
discectomy, laminectomy, excision of spinal cord tumors, anterior cervical and thoracic
15  operations, repair of spinal injuries, scoliosis, lordosis and kyphosis method of
dehydrating monolithic bones, intermaxillary fixation of fractures, mentoplasty,
temporomandibular joint replacement, alveolar ridge augmentation and reconstruction,
onlay bone grafts, implant placement and revision, sinus lifts, etc. Specific bones which
can be repaired with the bone-derived implant herein include the ethmoid, frontal, nasal,

20  occipital, parietal, temporal, mandible, maxilla, zygomatic, cervical vertebra, thoracic

vertebra, lumbar vertebra, sacrum, rib, sternum, clavicle, scapula, humerus, radius, ulna,

16
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head surface replacenent and total joint replacenent, repairs of the
vertebral columm including spinal fusion and internal fixation, tunor
surgery, veogseseficit filling, discectony, |am nectony, PERTSEIWHN30OF
spinal cord tunors, anterior cervical and thoracic 15 operations, repair of
spinal injuries, scoliosis, lordosis and kyphosis nethod of dehydrating
nmonol i thic bones, intermaxillary fixation of fractures, nentoplasty,

t enpor omandi bul ar joint repl acenent, alveolar ridge augnentation and
reconstruction, onlay bone grafts, inplant placenent and revision, sinus
lifts, etc. Specific bones which can be repaired wth the bone-derived

i mpl ant h@h@bﬂbdﬂ&@rﬂ&ﬁc&?ﬁ behdx\phalangts, dmtrﬁ,hschm,qiublstbnmrmhna tfthula,pari et al ,
tenporal , nmandible zygomatic, cervical vertebra, thoracic

Kﬁ%;efﬁé?/ el a‘°‘ﬁ“¢%ﬁ%&“§f}@%@&%%§&? (RULE 26) W0 b2] 13688
PCT/ USO1/ 26603 b h hi
pubi 5, T erur (R8BSR ON be moes G Anacradod a9l of i afwigk satbiet o7 Oy

bones. The invention will be more ful |y understood by way of the follow ng
exanpl es whittcareantendagtte ildestratedut notlismit methody in %Wrdﬁ%‘ﬁ’ é’n@? REEE n
accordance with the present 5 invention. Exanple 1 The sanples of the
nonol i §hi gnieafienof figure 1 where obtained utilizing the same donor
material. Initial neasurenments of 6 sites were determ ned. The sanples were
t hen pr oc% dehydrate in a VIPTM tissue processor according to 10

t he condi ven in Table 1 below. Table 1

The samples of the monolithic bone of figure 1 where obtained utilizing the same

donor material. Initial measurements of 6 sites were determined.

The samples were then processed to dehydrate in a VIP™ tissue processor according to

10  the conditions given in Table 1 below.

Table 1
Step Concentration Time (hours) Temperature (°C)
1 Ethanol 70% 4:00 45
2 Ethanol 70% 4:00 45
3 Ethanol 95% 4:00 45
4 Ethanol 95% 4:00 45
5 Flex 100 100% 4:00 45
6 Flex 100 100% 4:00 45

After processing, the specimens were removed from the VIP™ processor and
placed in a closed container under continuous vacuum for about 4 hours to outgas any

15 remaining solvent.
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Step Concentration Tinme (hours) Tenperature (C) 1 Ethanol 70% 4:00 45 2
Et hanol 70% 4: 00 45 3 Ethanol 95% 4:00 45 4 Ethanol 95% 4:00 45 5 Flex
100 1009%wo0D1%88 6 Fl ex 100 100% 4: 00 45 After processi ngPCTS01LBEWSI NENS
were renmoved fromthe VIPTM processor and placed in a closed container
under continuous vacuum for about 4 hours to outgas any 15 renaining
solvent. 17 SUBSTI TUTE SHEET (RULE 25) WD 02/15688 PCT/ US01/ 26603 Anot her
speci nen was treated using the process of Table 1. At the end of the
process; the specinen was allowed to outgas for 4 hours 20 mnutes in a
vacuum dessicator. The speci men was wei ghed to 0.0001 grans. In order to

determ ne the |QyfherGhedRES WaRkéddH usifdahe PRIGEFRIT TUBR I NRNhOLALSLkhEN @ S
| yophilization unit overnight to renbve any renaining water fromthe

speci nmen. I el ' Lt I men was
agai n wei d)ﬁgeé(fgg"ﬁée&g?@él rvggﬁ%gb&?cﬁt i%ﬁ%@ﬂa&%‘{rg?o %:}géltfteesn‘%qg'fa 5@3{25% wat er by
wei ght for, the al gcqhol -treated s,pﬁ%'erren fter being rehydrated for about 5
m nut es, 19§ESICAHRR | TRespeGimeR Way Wrigherto 0004 &78mS-det er mi ne t he exi stence of
any di mensional changes. The results of this nmeasurenent are 10 given in
Tabl e 2 bel ow. [The rgent age,chan i n.di.nension wa rmned., b

cal cul ati ng thelnd’F‘ilelgg? éﬁE@Ig%mzeé’ﬁp?efhdéessd?aégﬁe%gpeﬂ"}l%h‘g'g# ﬁ?gﬂgﬁ%ﬁd H%% t he

initial
5

lyophilization unit overnight to remove any remaining water from the specimen. After
removal from the lyophilization unit, the specimen was again weighed. The difference

indicated a water content of 3.45% water by weight for the alcohol-treated specimen.

After being rehydrated for about 5 mjnutes, the specimens were again measured to
determine the existence of any dimensional changes. The results of this measurement are
10  given in Table 2 below. The percentage change in dimension was determined by
calculating the difference between the pre-rehydration dimension and the initial
dimension divided by the initial dimension and multiplied by 100. Therefore, all values

are in percentage units relative to the initial dimension.

Table 2
Alcohol Only | Anterior | Posterior Slot Width | Slot Height | Anterior/Posterior | Medial/Lateral
Height Height ( Diameter Diameter
Specimen1 | -0.67 -0.46 -1.78 -1.03 -0.59 -0.28
Specimen2 | -1.13 -0.31 -0.54 -2.02 -0.84 -0.71
Avg, -0.90 -0.39 -1.16 -1.53 -0.71 -0.49
S.D. 0.33 1.11 0.88 0.70 0.18 0.31
Freeze-Dry
Specimen3 | -5.40 -1.60 -2.12 -9.50 -3.70 -2.43
Specimen4 | -2.40 -1.45 -0.54 -7.11 -2.11 241
15
18
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di rension divided by the initial dinmension and nultiplied by 100.

Therefore, all values are in percentage units relative to the initial

di mensi owO 94688 2 Al cohol Only Anterior Posterior Slot VWdrs@/wsoHei ght
Anterior/Posterior Medial/Lateral Height Height D aneter D aneter

Specimen 1 -0.67 -0.46 -1.78 -1.03 -0.59 -0.28 Specinen 2 -1.13 -0.31
-0.54 -2.02 -0.84 -0.71 Avg. -0.90 -0.39 -1.16 -1.53 -0.71 -0.49 S.D. 0.33
1.11 0.88 0.70 0.18 0.31 Freeze-Dry Specinen 3 -5.40 -1.60 -2.12 -9.50
-3.70 -2.43 Specinen 4 -2.40 -1.45 -0.54 -7.11 -2.11 -2.41 15 18

SUBSTI TUTE SHEET (RULE 26) WO 02/ 15688 PCT/ US01/ 26603 Table 2 (conti nued)

Freeze-Dry... Anterior Posterior gl g\ﬂ{'cgﬁt'ihéhft Hei ght Anterior/Posterior
Medi al / Lateral Hei ght Hei ght Di afmeter ane Specinen 6 -1.97 -1.94

-1.79 -6. E'LLD'm'ﬁt%!' Aviee=233—++—4+—4+20-—7 17 287 .2 16 _SD 2 72
-Diy- téHof sl d .
0.55 0. 78] 1°€8°D- 765 6 et at | YR VB TRt Heehe EARorRostsfion e hi o
. . 1ameter

bone of fiqure 1 were obtdined fromthree different

Specimen6 | -1.97 -1.94 -1.79 -6.57 -2.36 -3.03

Avg -2.13 -1.41 -1.29 -7.17 2,87 2.16

SD 2.72 0.55 0.78 1.68 0.76 0.96

Comparative Example 1

5 Samples of the monolithic bone of figure 1 were obtained from three different
donors. The bone was then either processed according to the procedure of Example 1
with five minutes or two hours of hydration time, lypophilized under industry standard
conditions or frozen. The samples were then subjected to compression to breakage using
a uniaxial servo-hydraulic test machine (MTS model 858 Bionix) under displacement

10 control to apply a constant compressive displacement to each test articles at a rate of 25
mm/min. Before the start of each test, a compressive preload was applied to each
specimen (under load control) of 250N and machine displacement was zeroed at this
point. This was done to provide a consistent zero displacement starting point for each
test. Tests terminated when a total compressive displacement of 2.5mm had been

15  imparted to the test article. In all cases, failure (a peak in load, followed by a sharp drop
in load) was observed before 2.5 mm of compressive displacement was reached. Test
articles were loaded using stainless steel inserts which conformed to the upper and lower
ridged surfaces of the test article, with the exception of two small mounting holes on both

the lower and upper insert. The system 100 kN load cell in the 100 kN range was used
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donors. The bone was then either processed according to the procedure of
Exanple 1, wth five mnutes or two hours of hydration tinme, |ypophilized
under i non@02/y568% andard conditions or frozen. The sanpl eBCWEs&/16hEn

subj ected to conpression to breakage using a uniaxial servo-hydraulic test
machi ne (MIS nodel 858 Bioni x) under displacenment 10 control to apply a
constant conpressive displacenent to each test articles at a rate of 25

nm mn. Before the start of each test, a conpressive preload was applied to
each specinmen (under | oad control) of 250N and machi ne di spl acement was
zeroed at this point. This was done to provide a consistent zero

di spl acened cslieat load infemiationf Dispbrementtisfoimaticicwss nedsutodefad test a tot al
conpressi ve di splacenment of 2.5mm had been 15 inparted to the test article.
In all cas i i ; I in | oad)
was obser vggst%ﬁglrs gﬁ%@%&%@ u%eg ?gg i %%kc}?gs}%ﬁigg)éﬁgrﬁ? Q%%ag&g@ SeegereTest
articles were Ieﬁged usji ng st.aipnl ess steel Lns&rts ich,conforned to the
upper and F¥Rsted rpradhefoad vy displacement qurveausing I pSEWPEKS YRFSion $-Rdesbxcept i on of
two small nounting holes on both the |ower and upper insert. The system
100 kN | oadoftedre. i n the 100 kN range was used 19 SUBSTI TUTE SHEET ( RULE 26)
WO 02/ 15688 PCT/ USO01/ 26603 to collect |load information. D splacenent

i nformati on was neasured fromthe test systens di splacenment transducer
(LVDT) .5 Peak | oMgasemuierts of the breakingeearrgy aklnes wae deterneined azaridicatomof he | oad
vs. di splacenent curves using Testworks version 3.6 test software. 5
Measur enentgughhesshThoreaalkd 1@ conigingy invPdbleeS bslow. dell aiits a2€th Msman i ndi cat or

of toughness. The results are contained in Table 3 below. Al units are in
N-mm Table 3°

Table 3
Frozen Freeze-Dried (5 Alcohol (5 min Alcohol (2 hour

minute rehydration) rehydration)

rehydration)
Donor 1 39731 24638 31587 41004
Donor 2 29546 24425 18078 27142
Donor 3 25531 22038 24122 : 19222
Donor 4 24534 13924 25926 N/A
Average 29835 21256 24928 29122
Standard Deviation | 6943 . 5028 5565 11025
Percentage 100% 71.2% 83.6% 97.6%
Relative to Frozen
Percentage relative | 140.4% 100% 117.3% 137.0%
to lyophilized
(freeze-dried) bone

After being subjected to compression to fracture, the monolithic bone was
10 visually evaluated to determine the relative degree of fragmentation of each treatment
method. This relative degree of fragmentation is also an indicator of toughness. The

degree of fragmentation of the monolithic bone was scored on a relative scale from 1 to
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Frozen Freeze-Dried (5 Alcohol (5 mn Al cohol (2 hour mnute rehydration)
rehydration) rehydration) Donor 1 39731 24638 31587 41004 Donor 2 29546
24425 18W@o27sb4®2 Donor 3 25531 22038 24122 19222 Donor PAT/PaGIR%61B3924
25926 N A Average 29835 21256 24928 29122 Standard Devi ati on 6943 5028
5565 11025 Percentage 100% 71. 2% 83. 6% 97.6% Rel ative to Frozen
Percentage relative 140.4% 100% 117. 3% 137.0% to |yophilized
(freeze-dried) bone After being subjected to conpression to fracture, the
nonol ithic bone was 10 visually evaluated to determne the relative degree
of fragmentation of each treatnment nethod. This relative degree of

f ragnment at iIﬁmhaeiﬁllaepraﬁntd&ild:@i%ﬁerﬁﬁtioh%&m@ﬁbiﬁeseﬁh@higﬂ%@g@néﬁfed. The
fragnentation of the nonolithic bone was scored on a relative scale from1

to 20 SUBSTLIV o ShEh iR :RY)peff.02/ 15688 PCT/ US01/ 26603 10 wherein 1

represente ragmentati on an represented highly fragnented. The
results-are contained in Table 4 below Table 4
Table 4
Frozen Freeze-Dried (5 Alcohol (5 min Alcohol (2 hour
minute rehydration) rehydration)
rehydration)
Donor 1 2 6 2 2
Donor 2 2 7 4 2
Donor 3 2 4 2 2
Donor 4 2 7 4 N/A
Average 2 6 3 2
5 From this above data, two separate measures of energy absorption indicate that

freeze-drying decreases toughness. Alcohol treatment also decreases toughness, but by
less than for a comparable freeze-dried graft (29% reductién for FD vs. 16% reduction for
alcohol). The may be very significant at the time of graft insertion, since many of the
grafts that would receive this treatment will receive mechanical blows (hammering, etc.)
10  to place them in the surgical site. At later time points, after rehydration for 2 hours
(whether in a container in the operating room, or rehydrating in the patient’s surgical

site), the graft behaves similarly to the frozen tissue in its toughness characteristics.

It will be understood that various modifications can be made to the
embodiments and examples disclosed herein. Accordingly, the above description should

15 not be construed as limiting but merely exemplary of preferred embodiments. Those
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Frozen Freeze-Dried (5 Alcohol (5 mn Al cohol (2 hour mnute rehydration)
rehydration) rehydration) Donor 1 2 6 2 2 Donor 2 2 7 4 2 Donor 32 42
2 Donor Wi0B2/756488 NV A Average 2 6 T 3 2 5 Fromthis abovRCTUase, 2666080
separate nmeasures of energy absorption indicate that freeze-drying
decreases toughness. Al cohol treatnent al so decreases toughness, but by

| ess than for a conparable freeze-dried graft (29% reduction for FD vs. 16%
reduction for alcohol). The may be very significant at the tine of graft
insertion, since many of the grafts that would receive this treatnment wll
receive ne i.cal blo hamering. etc.)..10.to place t.hemin th ur gi cal
S rer A IR it PiearBiE ey G Fish indRhodAelins ni AESINIR Rt B4 £ %
container in the operating room or rehydrating in the patient's surgical
site), thelamapppadedves sinilarly to the frozen tissue in its toughness
characteristics. It will be understood that various nodifications can be
made to the enbodi nents and exanpl es discl osed herein. Accordingly, the
above description should 15 not be construed as limting but nmerely

exenpl ary of preferred enbodi ments. Those 21 SUBSTI TUTE SHEET (RULE 26)' WO
02/ 15688 PCT/ US01/ 26603 skilled in the art will envision such various

nodi fications that are wwthin the scope of the
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cl ai rs appended. 22 SUBSTI TUTE SHEET ( RULE WD 02/ 15688 PCT/ US01/ 26603 WHAT
IS CLAIMED IS: 1. A nethod for dehydrating a nonolithic bone intended for

i npl ant atw@n2/138838 conserve at | east one of the bi onmechani cRCT/pSOE®6G3 es of

t he bone during dehydration, subsequent packagi ng and storage of the bone,
the nethod conprising: 5 contacting the nonolithic bone with at |east one
dehydrating liquid; dehydrating w thout |yophilizing the nonolithic bone;
and, packagi ng the dehydrated bone. 2. The nmethod of Caiml further
conprising infusing under pressure the 10 dehydrating liquid. 3. The
method of Caim2l1 further conprising sonicating the bone and dehydrating
l'iquid 15WwHATHE ortiveEDaes: Gl aim 1 further conprising contacting the bone
and the dehydrating liquid in the presence of a | ow pressure atnosphere.
5. The method of Caim1l further conprising contacting the bone and the
dehydrating |iquid i i hiethodrfersdshgdratifig ahioeolithici nge idendedfamrichpbasatianvte
pressure. 20 23 $WSTI TUTE SHEET (RULE 26) WD 02/ 15688 PCT/ USO1/ 26603 6.
The net hodedgertk at ast ohb bf R biciASERARI Sl PRopeRits A€ tHetdné BeridOddhyapsiohhe

subsequent packaging and storage of the bone, the method comprising:
5 contacting the monolithic bone with at least one dehydrating liquid;
dehydrating without lyophilizing the monolithic bone; and,

packaging the dehydrated bone.

2. The method of Claim 1 further comprising infusing under pressure the

10  dehydrating liquid.

3. The method of Claim 1 further comprising sonicating the bone and

dehydrating liquid.
15 4. The method of Claim 1 further comprising contacting the bone and the

dehydrating liquid in the presence of a low pressure atmosphere.

5. The method of Claim 1 further comprising contacting the bone and the
dehydrating liquid in the presence of alternating vacuum and positive pressure.

20
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dehydrating liquid in the presence of alternating | evels of positive
pressure. 7. The nethod of Caim1l further conprising: 5 contacting the
dehydr at ad0 bonwsg ust prior to inplantation with a rehydreCT/ogozoseesnt of at
| east one rehydration solution to rehydrate the bone. 8. The method of
Claim1 wherein the dehydrating liquid is selected fromthe group

consi sting of nethanol, ethanol, isopropanol, butanol, isobutanol,

et hyl butanol, 10 acetonitrile, pyridine, industrial nmethylated spirit,
graded series of dehydrating agents, histological solution, Flex | OOTM

di met hyl sul f oxi de, small ketones, acetone, chloroform nethylene chloride,
et hyl ene chl ori e, sThaingthbd ofi€laimHyfuirtbermmobypmisingfcontasing thaboneandthe bons,
hexane, pentane, |ow nol ecul ar wei ght al kenes, esters, ethers, ethyl ether,

tetrahydr Oéiél{yafhtingilﬁisﬁnﬁ theSirBih &I 6F dlemfatihg [BVERAIFPILitied Petsure;r own et hers,
al dehyde, 15°sol utions contai ni ng al dehydes, fornmal dehyde, formalin, super

critical fluids, liquid carbon dioxide, |iquid hydrogen sulfide, and
m xtures of two or nore of the above liquids. 9. The nmethod of Claim?7

wherein the rehydratjon sgllﬁatigp,iﬁ elected from 20 the group consisting
of sterile watefl; nofRamedf phtlaiy yé‘f%?ro"@%s}lﬁg' buffered saline, dextrose

solution, wetting agents, nedically/surgically useful substance(s) and
antibidtic sol uti onsontadingtssichyderd bome jost iy implapgtion yithe 02/ 15688
PCT/ US01/ 26603 10. The method of Claim9 wherein the nedically/surgically
usef ul subgdhgaeEihg hmoontaif at leas bnershydetibe solofior foerelyydvatp tiedmsiest i ng of bone
nor phogeni ¢ proteins (BWMPs), transform ng growh factor (TG beta),
insulin-like growh factor (1G-1) (|G-

8. The method of Claim 1 wherein the dehydrating liquid is selected from the
group consisting of methanol, ethanol, isopropanol, butanol, isobutanol, ethylbutanol,

10  acetonitrile, pyridine, industrial methylated spirit, graded series of dehydrating agents,
histological solution, Flex 100™, dimethylsulfoxide, small ketones, acetone, chloroform,
methylene chloride, ethylene chloride, straight chain hydrocarbbns of less than 12
carbons, hexane, pentane, low molecular weight alkenes, esters, ethers, ethyl ether,
tetrahydrofuran, dioxane, ethylene glycol monoethyl ether, crown ethers, aldehyde,

15  solutions containing aldehydes, formaldehyde, formalin, super critical fluids, liquid
carbon dioxide, liquid hydrogen sulfide, and mixtures of two or more of the above

liquids.

0. The method of Claim 7 wherein the rehydration solution is selected from
20  the group consisting of sterile water, normal saline, physiologically buffered saline,
dextrose solution, wetting agents, medically/surgically useful substance(s) and antibiotic

solutions.
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2), and platelet derived growth factor (PDGF). 5 11. Mnolithic bone

obt ai ned by the nethod of Caiml. 12. Monolithic bone obtained by the
nmet hod ofw@bzisws®. 10 13. ©Mbnolithic bone obtained by theCvEshicdes C ai m
8. 14. Monolithic bone obtained by the nethod of Caim9. 15. Mnolithic
bone obtained by the nethod of Caim10. 15 16. The bone of Caim1ll
wherein the toughness is at |east about 5% greater than that of a

conpar abl e speci nen of nonolithic bone which has been |yophilized. 17. The
bone of Claim 11l wherein the toughness is at |east about 10% greater 20
than that of a conparable specimen of nonolithic bone which has been

| yophi | i zed. 230.suBSFheTustio in Rutereds sheywsdivellySeggaltrnselgo 1/ 26603 18.

The bone of Claim 11 wherein the toughness is at |east about 15% greater
t han t hat sabstance(@risait dabtcorepeambesof dfe groupodontibiing dfhoae woirghogbsic pbsteins
| yophilized. 19. A nethod for dehydrating nonolithic bone intended for

i nplant at éﬁﬂ/ﬂis?, tra':ﬁﬁfbﬁﬂﬁx ¥ SwihYactbP Bet), ﬁ{suﬁﬁﬁhﬁgtggvﬂgg{clkdgglﬁ@yg@{-' on

and subsequent “packagli ng Tand. mai ntal n such toug t he” storage of
t he bone, .the t.hod, conpri sing: .co ing the bone with at |east one

bi oconpat i @dﬁﬂ%}&g‘%ﬁqw@%‘i“aﬁ?ﬁm &@gﬁ{% ng the dehydrating liquid; and,
packaggng t he dehydrated bone. 10

11.  Monolithic bone obtained by the method of Claim 1.

12.  Monolithic bone obtained by the method of Claim 7.
10 13.  Monolithic bone obtained by the method of Claim 8.

14. Moﬁolithic bone obtained by the method of Claim 9.

15.  Monolithic bone obtained by the method of Claim 10.
15

16.  The bone of Claim 11 wherein the toughness is at least about 5% greater

than that of a comparable specimen of monolithic bone which has been lyophilized.

17.  The bone of Claim 11 wherein the toughness is at least about 10% greater

20  than that of a comparable specimen of monolithic bone which has been lyophilized.
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20. The nmethod of Caim 19 further conprising infusing the dehydrating

| i quid under pressure. 21. The nethod of Caim19 further conprising

i nfusi ngwoe2/dwBy/drating 15 liquid under alternating | evRCEHUSH1/25663 L1 ve
pressure 22. The method of C aim 19 further conprising sonicating the bone
and dehydrating liquid. 20 23. The nethod of Caim19 further conprising
contacting the bone and the dehydrating liquid in the presence of a | ow
pressure atnosphere. 26 SUBSTI TUTE SHEET (RULE 26) WD 02/ 15688

PCT/ US01/ 26603 24. The nethod of O aim 19 further conprising contacting
the bone and the dehydrating liquid in the presence of alternating vacuum
and positive pressurthe bine of Minel hwhkreih thd wughridds ise leabmbolel e prektat i ng
liquidis selected from5 the group consisting of nethanol, ethanol,

| SCbr oPanOhan i S oA SARGhen SRINNIEBGH v WhiRR BaOBkdhty dehiliZeyy | di ne,

spl rit, graded series of dehydrating agents,
hi st ol ogi cal soI ution, Flex 100TM di met hyl sul f oxi de, snmall ketones,
acetone, chloroform nethylene chloride, ethylene chloride, straight chain
hydrocarbons of |ess than 12 carbons, hexane, pentane, Iow nmol ecul ar

wei ght al kenes, 1%st eAsmetips Srdehydmijng ’@Pﬂ%lf‘thlclb@nF intended fergmplantationitx ane,

et hyl ene egcoI nonoet hyl ether, crown ethers, al dehyde, solutions
cont ai rfi ngccmksdehﬁntdeuglm“srﬁ]thl@bgmeiunhg dn!wdratmnméesnbmu@ntmckagmg &l 1iquid
carbon di oxide, liquid hydrogen sulfide, and m xtures of two ore nore of

t he above, mainkdinlbwkh. to%éimgﬁc dufihg thedtbrage of th€bahentiOmethed eompiidieg:st ep of
dehydrating is carrie ut by

contacting the bone with at least one biocompatible dehydrating liquid,
removing the dehydrating liquid; and,
packaging the dehydrated bone.

10

1

20.  The method of Claim 19 further comprising infusing the dehydrating

liquid under pressure.

21.  The method of Claim 19 further comprising infusing the dehydrating

15  liquid under alternating levels of positive pressure

22.  The method of Claim 19 further comprising sonicating the bone and

dehydrating liquid.

20 23.  The method of Claim 19 further comprising contacting the bone and the

dehydrating liquid in the presence of a low pressure atmosphere.
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contacting the bone with a graded series of dehydrating |iquids; or, by
subj ecting the bone to mcrowave energy; or, by subjecting the bone to
heat at anbormes®r sub-at nospheric pressures; or, subjecPChgsSelseisone to
sub- at nospheric pressure in the presence or absence of a desiccant; or, by
a conbination of one or nore of the foregoing. 20 27 SUBSTI TUTE SHEET ( RULE
26) WD 02/ 15688 PCT/ US01/ 26603 27. The nmethod of C aim 19 wherein the step
of dehydrating liquid renoval is carried out by subjecting the bone to

m crowave energy; or, by subjecting the bone to anbient tenperatures at
anbi ent or sub-at nospheric pressures; or, by subjecting the bone to heat

at anbi ent or sop-at R Hﬁ%dd‘bf@lﬁﬁﬂgﬁ&heﬁompﬁﬂi%%ﬁtb&ﬁlgﬁﬁ@b@&"&dttﬁe sub 5
at nospheric pressure in the presence or absence of a desiccant; or, by a

one. of - ARl pperky S REERRE M rn ol BR s Rh e o7 oup

consisting of: ethnoid, frontal, nasal, occipital, parietal, 10 tenporal,
mandi bl e, maxilla, zygomatic, cervical vertebra, thoracic vertebra, |unbar.
vertebra, sacrum rib, sternum clavicle, scapula, hunerus, radius, ulna,
carpal bones, 2®t acThpaiethodrodClaiphtl wheyein the dehydnating iquid iy sepaeksdsfrothenur
tibia, fibula, patella, calcaneus, tarsal and netatarsal bones; the nethod
Conpr i s§ Ngthe@X¥MGHEINGistnd bf Giethaholséthaiol, 1optdpahel[butag] libsbubaing eafylkdtaign 11 at
the surgical site; and, <closing the surgical site. 28

acetonitrile, pyridine, industrial methylated spirit, graded series of dehydrating agents,

histological solution, Flex 100™, dimethylsulfoxide, small ketones, acetone, chloroform,
methylene chloride, ethylene chloride, straight chain hydrocarbons of less than 12
carbons, hexane, pentane, low molecular weight alkenes, esters, ethers, ethyl ether,

10  tetrahydrofuran, dioxane, ethylene glycol monoethyl ether, crown ethers, aldehyde,
solutions containing aldehydes, formaldehyde, formalin, super critical fluids, liquid
carbon dioxide, liquid hydrogen sulfide, and mixtures of two ore more of the above ‘

liquids.

15 26.  The method of Claim 19 wherein the step of dehydrating is carried out by
contacting the bone with a graded series of dehydrating liquids; or, by subjecting the bone
to microwave energy; or, by subjecting the bone to heat at ambient or sub-atmospheric
pressures; or, subjecting the bone to sub-atmospheric pressure in the presence or absence
of a desiccant; or, by a combination of one or more of the foregoing.

20
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27.  The method of Claim 19 wherein the step of dehydrating liquid removal is
carried out by subjecting the bone to microwave energy; or, by subjecting the bone to
ambient temperatures at ambient or sub-atmospheric pressures; or, by subjecting the bone
to heat at ambient or sub-annogpheﬁc pressures; or, subjecting the bone to sub-
atmospheric pressure in the presence or absence of a desiccant; or, by a combination of

one or more of the foregoing.

28. A method of using the bone of Claim 11 for repair of at least one boné
selected from the group consisting of: ethmoid, frontal, nasal, occipital, 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; the method comprising:

exposing a surgical site;
- implanting the bone of Claim 11 at the surgical site; and,

closing the surgical site.
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