;e3e\"6Tpx 2 4 F E B 2005 METHOD FOR REMOVAL OF WATER ASSOCI ATED W TH BONE
VH LE DI M NI SHI NG THE DI MENSI ONAL 5 CHANGES ASSCOCI ATED W TH LYOPHI LI ZATI ON
BACKGROUND OF THE | NVENTI ON Bone grafting is widely used to treat
fractures, nommm | to induce 10 arthrodeses. Autogenous cancell ous
bone, which i MMWWWMWm one site in the graflee and inplanted in another
site of the graft ls considered by many to be the nost gff i bone
graft. Autogeneoggfggncellous bone provides the scaffoldiﬁthggéuﬁﬁért _
di stribution of the bone healing response. Autogeneous cancel | ous bone al so
provi des th 1 ti ssue progenitor cells which formnew cartil age or
bone. Fbmevaw ﬁmﬂ mﬁwm@&st of 15 autogenous bone results in significant
cost and norbidity, udi ng scars, blood |oss, pain, prolonged operative
and rehabilitation time and risk of infection. Furthernmore, in sone
clinical settings, the volune of the graft required by the graft site can
exceed the vol ume of thepayAIOPFOR REMOVALI OF AWATER ASSOCLATEDr nati ves to
autografts have been d INEWRTLE DIFIRSHING U BIMENSIONRALA ty and
ASSOHIR THEPRATHALYOBHAT I7A090) Of xenogr aft

bone is wetfl known in bot+ PRt Vet e 5 0 Te. See ot evenson et
al., dinical Othopedics and Rel ated Research, 323, pp. 6b-75 (199. In
particul ar, transplanted bone is known to provide support, pronote healing,
fill bony caviBAGKGROUNINOE HHAINVENTEGNs such as vertebral bodies,
pronote fusion and stabilize the sites of fractures. Mre recently,

processed bone has Bong ghaftink iBweiRBouseé entre Frebmpesinomunioshandde ifdee use in
new surgi cal applications, or as new naterials for inplants-that were

nistori cahhy TRfifodke éﬁtggailoﬁgg&%%ﬁaﬁs%%ﬁé,waﬂcmtt%naﬁrém oBesifinchd fafidesad of

preserved bone nten antation to replace di seased or m ssing

parts is commn, .t he successf.ul |igati.on of, s i 1 on 5
sound knowl edd@Plantsd in ano 3551'¥ecot3$€ ?’é%coé‘ﬁigefetﬁgg}crg%gsgtlotb% ﬂ?{)ﬁ\%ﬁt& ﬁ%?%reld
the stresses to which it will be subjected. Wien mne L zed bone j.5.used .
in grafts, it bomegrafhmAniogennouacanseliqusiboge prowides the %ﬁﬁaﬁgﬁ‘? S\’PPé’Ft,d‘?St{'@‘ﬁPBad
bearing ability at the recipient site. The bi onechanical properties of bone
grafts upon i rfitheibarie lealing fesperiser Antvgendnps vamopllbuchames!so previdesithycannective
specif ¢ site fromwhich the bone is taken; the age, sex, and 10 physi cal

characteri sti qs@d plopeniftiteeNs whitd férnendie biitithge bo boik. tifoweepaheharpeseskr ve,
and store the bone prior to inplantation. A nore detail ed explanation of

the alteraggi O%u?grgee}xg'\?s pén%gﬁﬁgﬁgﬁ gig%irﬁgéﬂmﬁﬁtahgil&f)idﬁ?fﬁc%%@@IWM&S,

chosen for~its preserva age may be found in Pellcer et al.,

Cin. Othop. Rel. Res., 174:54-57(1983).. Howevej e f i ng
(e.g~to presemAR-PRAIOPRSH epefafive an ée%aéélgugﬁmeoa%deﬁn%voﬁﬁén’%& #ogzur#%%?%%
cellular materials) can conflict with the need to conserve the toughness of
the bane. Dur isote dlinical seftings, thervolmeefibe grafioggeized by r%&a’h@é‘??%ﬂ?‘ﬂ&‘e
porous matrix is typically contacted with one or nore treatnment fluids to
variously cl eavolusiebfithe svkitable autegrafti Makcordinighy @ltemnatives tgjaygiografis havediean or
dem neralize the bone or to inpregnate the bone with one or nore

phar macol ogi cadeaRped tn ARMrIMAb fdRce e MorbidRy/ahd ta b bene @afing peoeediied. he
bone can act as a drug delivery system See U S. Patent No. 5, 846,484 for a

detail ed expl anati on, of t re nt of bone, | . HihBhiaRd-
Sone treat4fent prchggg%e,or}gﬂiqgrajt&?qerna&pgqgr%bgﬂédﬁ R‘&Sﬁgﬁw{“z‘%%n, car?ﬂ (?/]\Drk
agai nst conservation of the 2 24 FEB 2005 nechani cal propertjes of bone
and can | essenvetérinanp medicine | SgetStéveascney abs Girdee] @é’!oﬂﬂdlféé%ﬁfig’e‘i Research,
requi renments can al so create di nensional changes in the allograft bone.

Such changes 03‘23%??6@"79'(‘19935‘. i st@udanaaplantedbone isimownss pmyvidesippary; al so
make it difficult Tor a nachined piece to nechanically engage wi th surgical

i nstrunments, other | ogr a , 5 ot.the pr [ ' ' nt
processes al s &fegwt%?ﬁgﬂ‘&’ é’g ?’8{‘%‘?9("6%’ %EP&@%PDBO(I} ﬁ%é%%l sclrr%(l)l ra$ {éé;]rfébrﬁa%-("g ﬁgﬁﬁ;ﬂéal
properties as toughness. Inplants denonstrating [nproved, toughne are

i mportant as tPremateBisianandastabiliseghesites gf ﬁﬁﬁtyﬁéamef"dﬁp% Pé‘%&?sﬁigf“&e, Q. g.,
the hammering in of cortical rings used in spinal fusion surgery. Bone
intended for inplantation is currentl1y distributed either frozen or

I




10 Iyophilized. It is generally accepted that freezing nonolithic bone to
tenperatures as cold as -70 C, prior to its packaging and storage results
inlittle if any alteration in its physical properties. However, freezing
bone as a preservation technique is costly and can be logistically
difficult, e.g., shipping and storage. Lyophilization (freeze-drying, i.e.,
freezing, then sublinmation of noisture) is commonly perfonp¢E@p2mmpe to
permt its | S shelf storage for up to several years w thout spoil age.
Lyophi li zation renoves excess noisture fromthe bone and reduces its
antigenicity. According to the American Association of Tissue Banks

("A A T.B."),bebiy@geldped brto siapésfobusedn nomswaginalrapplications,corah asw esterislstonr e
can be stored at anbient tenperatures for up to five years after

processi ng. Blthar LA EriENRRARS of orl Hi6102Ralty aRedbmbtedilspr oper i es of
yop

t he bone have been found to result fromthe ilization procedure.

Lyophi l i zation can result in damge . o th ol 1 panges
that occur duri ngrh%é“SF#&é’fFﬂ I ?’ngegg’%%’r“gep ?én)dg;ﬁ(%%gﬁ 3‘[" ﬁgg%?@f%ﬁ%@g \?ceérggtg
mechani cal 3 2 4 FEB 2005 changes appear to be gsl?cg& at ed V\atﬁ% cgamalge
occurring in ereissiegiparisds eommon; thecsuecesdit appliqatipn QL syelions I PIEPEURE Y| ong
the collagen fibers. These effects appear to be nagnified when

| yophi | i zat i ogpusdkinayesdge of its hitlapic prapaties and itsl capsgity tewithstandfbe stressesty r at
bones to nodel the effects of |yophilization upon the conpressive

properties of L tanaalilipesuhenis. SWheaPaReRESddbone issed ingnftsitisiprinerile br ae)
and the bendi ng and torsional properties of the | ong bones indicate that

conpressi ve s gcglgs%?#g%@?ggtng&%ﬁé{ﬁ%, B 1448 i Ytk b tHei b dipRntsitenThE hange

in. stiffness, can’be reduced by as nmuch as 401, and

torsional strength can be reduced b t0,60%, These cha o, ting in
bone that is bPWQhaEGWQEﬂ%&f%P’EﬁM‘IWBBB t&%‘ha‘a?f‘%gﬁﬂq'?‘%g B E%whas been
rehydrated. A nore detailed 10 explanation of the effects of I%%ghi'l i zation
on mi ner al i zefhclorspinchalingtike §peoifid sitefretarwhickithe pone ivdaken; the age, sex,and
MedJ36: 332-335(1995), and Pel ker et ai., J. Otl:op.~Res.1:405-4]11(1984).
Thus, a p@bl RYsRAl cHafcleRstids @F thdidegorpartiqhemiethivé ohesen fto prepare) preservd, end t hat
is both tough” and convenient to store and nmintain. Because freezing and

thawi ng bone Ly fhbdHRirkitr 3ok CA e BiERd cpfingrion btbp téruiat ofithe

results in reductioni ‘toughness of the bone, it is the inventors'

belief that t h ' J.nt gi. ned d/ Is

dehyar ating 1 HETEBRE SRR foe: phap npielt SRRRERer B e aBfatisormee
the b whi | e di m_ni shi t he di [ I i i1

| yophi 11 zat | omey b Eouadng Bkt Pl Dxlie Rek Geea Amar ot FESEbeEe.i 11

an anhydrous pol ar organi ¢ sol vent such as ethanol, is known. See, for,
exanpl e, U.S. nids forlypocesinge @520 poservothepmtifor latgs was,and toTpmpVEImmunogemg
previ ously appreciated that applying this technique to bone results in an

i mpl ant  hayi ngelivERmeaaihld) ol witlthdieed ey donesrye thegoughnessgiiteskoneThus, it
is desirable to provide a nethod for dehydrating nonolithic bone 4 24 FEB

2005 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. Patent 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
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intended for inplantation prior to its packaging and storage that w |l
better conserve the bionechanical properties of the bone, i.e., its

t oughness and/ or di nensions as conpared to |yophilized bone, fromthe tine
the bone is harvested through the packagi ng and storage operations and to
time of inplantation. 5 SUMMARY OF TIC INVENTION It is therefore an object
of the present invention to provide a method for dehydrati @d rF[ErBoQDQﬁ?i c
bone intended for inplantation in order to conserve the bi omechani cal
properties of the bone during its dehydration process and subsequent

packagi ng and storage and to substanti all i ntain, bi onec i cal
properties 10nedhanigalisoncriiespfibengan ai“i‘?\“%/u‘ Béé"a@ﬁﬁéﬁ’%ﬂ’é‘?ﬂ%ﬁ@bn. It is
a further object of the invention to provide a nethod of dehydrati n%ﬂl

monol i t hi ¢ bamecdskiag ré@itumests chealdo orasidimenbiond shaygesiodhe allogeaft baneh Suple

| yophilization of bone. It is a further object of the invention to provide

a met hod of d%gxg{s ffiéiﬂgen%%gl{%g?{égcemaﬁlagé’ ih BRttiskuspaaMasy slsenakelyidifiisalt of

t he bone graf‘f. pj ect "of the invention to provide a nethod

of dehydrating nonoljthic bone with mninal - oy ' JiRertall

bi ol ogi cal pri9pémiac c&pwng,@ %M?Qg@twl S g#a‘,u?ntsher g@%ﬁ ect o?grtaﬁse’
invention to provide a nethod fox packaging 20 dehydrated nonolithi c bone
so that tlse borthe prepatsd smgwabaiteatTraamie@mmP%SF\sﬁéWg e@agﬂﬂaﬂm& Ry
period of tine, e.g., up to five years or |onger wthout excessjve |oss of
I ts toughnesssuch idpértdnt meBhaA@& pidperties as toughnbssr Iroplpmts derspnstrating REAYGdon t o
provide a nethod for the rehydration of dehydrated nonolithic bone such

that the t oug{alggﬁ,gesgg,et;ﬁg?&agﬁss e thi2Ridnl oS0 alicpfufts opl Bewuitcienergktic, e.g., the

optimzed. It urt ject of the invention to provide a nmethod that
mnimzes the 5 tendency for a.partially.rehy graft to fracture due
to the insertpﬁﬂmFﬂ?%&%gﬂﬁcﬁgﬁgWFﬁgn%urgeogr.rﬁ%gg’l’s a further object of
the invention to provide a dehydrated npnolithic. Bo Is tionally
cont ai ni ng one or Hepeinteadediar I‘?‘PgBP@PE%flcfl?e@gélfsmhoug%ﬁbéé{ﬂgﬁgge%f&g. g., an
osteogeni ¢ material such as bone norphogeni ¢ prot gi ns (nBlvl Ps). .10 The(ﬁg
and ot her 1bbj kwphilized. ¥ fregsntiallylacseptedithat Seamngmonpaii peneya temperailest &3

t hose

as -70° C.prior to its packaging and storage results in little if any alteration in its
physical properties. However, freezing bone asa preservation technique is costly and can
be logistically difficult, e.g., shipping and storage. Lyophilization (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 yéaxs 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



skilled in the art in view of the objects set forth above and the foregoing
specification. In keeping with these and rel ated objectives of the
invention, there is provided a nethod for dehydrating nonolithic bone
intended for inplantation to conserve the bionmechanical properties of the
bone during the dehydration process and subsequent 15 packaging and to

mai ntai n such bi omechani cal properties during the storage 2t Fhg 200he
preceding its inplantation. The nmethod conprises: dehydrating w thout

| yophi li zing the nonolithic bone; and, packaging the dehydrated bone. In

201 or egot ng MEPKOTEp STt SobREnNARPhiE, LEMMEARIE: MBS SIS e

20 foregoing and " USe 0 one o the 1 nven

expression "nonolithic bone" as utilized_ _herein refers to rejative | ar ge
pi eces of huntlrasirucamalagckp gloag the eollagen fikess 'fgw,esq)géﬁ@}s aPAEB P IE“?g“f!lilliqydogr af t
or xenograft, that 6 2 4 FEB 2005 are of such size as to be capabl e of
wi t hst andi ng {Jen Fophiligdtioniat aameri iradiation dre uydditogethern Stidiesiusigg tad benes to
characteristically subjected. The nonolithic bone of this invention is to

be di stinguished ,f.ro I tdsCl . i in
U. S. Patent Rl?g.el tge, ?sooféyo;gnslnghoa?g&{;%g c%rﬁ%%%ro ﬁ%?scﬁ?%g&%%sﬁﬂei r
relatively small 5 dinensions, are incapabl e of ,sust(gi ni,ngalsi 8ni,fi cant
mechani cal 31 oMPI’@FIPEGWQE@EIPf?iadlY&ﬂP@Faﬁranii the-herding apd fossienal propsriesqftheher ¢ o
be understood that the expression "nonolithic bone" refers to fully

m neral i zed biung bohesdindicite teat comnpreistise trehpthrean be sddubesihyl upab 3AYavatkelittle or
content, and to such bone that has been dem neralized to sone m nor extent,

i.e., to an eyh e%gwm SErre8d Wefding Bzt Gihbo kedubéEbBasMEh ds0%haiiaofionslo

nore than about percent. "The 10 nonolithic bone can be provided as a

single integra i,ece,of bone,or as piLece . | ed
from a nunber s%qrpggxr@qb&rec&gﬁgbgpgg%ﬁ@"é: "[@836 cﬁ&é&&&%@%ﬁ%%&é?ﬁa@ﬁgg in
U S. Patent No. 5,899,939 the contents of which ar incgr por at ed ec{ei n by
ref erence. Al hahgan foméite oeeus eveshaftes she bosphas heer shydiated, v} mpregetaile
osteogeni c, nonolithic bone can also contain additional materials, e.g., as
di scl osed 10n lekanaloh efithe Eifedis of FropAllizatih dnhmineratizehivope ofn bifoutd iakeang et

i ncorporated herein by reference, which will remain with the bone after its
rehydration agg Winkd; MR PIGSENE3IFN993)CarkdiPetkeptt al (1Al Gritkapi- Rewl :405:41 161984 s Si on
"strength" as utilized herein is intended to nmean any one of the principal

bi onechani cal propggtd g?’rs ler?%ﬁﬁts ﬁ%ﬁ&}%%?b},ﬁé ih#aHaH 8o n S AR Bt Rboth

strength, flexural nodufus, torsion us and yield strength, as well

as the sum of ;these,20 properties hat . ar ench IS} . The
expression "t 69}1§ﬁﬁ8§§°n‘§§“ 'E'i°|%%ﬁ@%@ﬁ%‘?@eﬁaﬁ{eﬁ%ﬁg%&l rﬁaea?ﬁe@“:‘r&;3 gggny
characteristic that qualitatively can be described as the .in ich the
bone fails, i minimaflydamaginggwthedoge,whpreassy a‘éﬁ’ﬂi’é?‘&'ﬁé’%“ﬁ@@ﬁ% on prior
to fracture. For exanple, bone that exhibits ..

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, €.g.,
toughness. Thus, it is desirable to provide a method for dehydrating monolithic bone

4



i nprovenent in toughness woul d be nore desirable than bone having | ess
toughness. Quantitatively, "toughness"”, as utilized herein, is a neasure of
t he energy absorbed by the osteoinplant prior to breakage and is expressed
inunits of force tines length, such as 5 Newton-mllineters (NNnm. The
expressi ons, "toughness-enhanci ng”, "conserving the toughnezﬁﬁ ?ﬁngoone"
and expressions of |ike inport shall be understood herein t at the
nonol it hi ¢ bone dehydrated in accordance with the invention shah
denonstrate at |east greater than about S%increase in toughness as

rate at . n_abou _ s j
compared to Dangy ddiFhy {itiardMiER kO bhckaging Ihdbtokdye tBél willeteledstiraé & | n

accordance w e’rn denonstrate i nproved ability to

w thstand the_forces .ogcurred dyji i pl ant at,i ar hat
'S 'yopni || 2ediomwehasig asegiss o e Reieoh o ToBREiEED: ARG Rt & Bl
i ke inmport shall be understood herein to nean that the nponolithic hone
treated in aceolybphilizedibsre, fbw thetimethe honais harypstpd thietahnibe paskegiie andast
about 2% | ess decrease in length dinmension as conpared to bone that has

been | yophilized, eTJ[b%Eaﬁioﬁs aﬁqg%g@ Altgbnl N accordance with the invention
trate nka

herein will deno ess shri e after dehydration than |yophilized
bone. The term.!bioc j " pressions of |ike inport shall be
understoodstorg}wm%@é&ﬁbm&sti mul ati on of an undesired severe,

| ong-Li ved or escal ati ng biol ogi cal response to, an i n@l.gnt. and J

di sti ngui shed fromIaisrﬂletrdforqaman%iﬁcbﬁﬁthQW!ieah‘ﬁlﬁ?litﬁww Hagg Es

i npl antation of essentially all foreign objects into a 2 4 FEB 2005
living organi sighpddtia mohéiRhie beACintthéed foi iniplartationdnmwederiie spnseryertbs ponse.
Materials useful "to the invention herein shall be considered to be

5Pt et S B s oo

sufficiently on suc t he above defined condition is

Tonol 1 £ hi ¢ borSoHBRESRLaER T RSN D o B RASS

phot ograph of a freeze-dried nonolithic bone aver it was subjected
10  throughout its rehydration and subsequent implantation.

1t 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 yeats or IOngr without excessive loss of its

toughness.



to conpression to fracture. 10 Figure 3 is a photograph of a frozen
nonol i thic bone after it was subjected to conpression to fracture Figure 4
is a graph of the average degree of fragnentation by donor. Figure 5is a
graph of the average degree of fragnmentation by treatnment. Figure 6 is a
graph of the percentage dinensional change by treatnment. 15 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON Bone for inplantation is obtaRrdefES @009
aseptically in a norgue or an operating roomfroma cadaver donor or froma
living donor's tissue obtained by surgical excision or anputation. 'The

bone is cl eansed using, ee%ﬁ]a' Zt?;fglet haggé%%gﬁom?hqge%a?Qr\méf‘ghy&@{ionof

i njection and soni é’a‘ﬁia(fﬁr.ﬂ:‘ echwc n e Initial processing of
bone for 20 inplantation is common to the ipdustr nd ave _some
dehydrating eddhydtatecHmaralighic boresugletha amggn%sfspgée?bqnpggﬁvthngotﬁgsm i gible
and woul d not bring the bone within the | ess than 6% water content required
by the A A T.ByplRth@én is@ptiiniedge of bone intended 9 2 4 FE ~ 2005 for

i npl ant ati on. T%e bone nay be treated with antibiotics such as polynyxin B

sul fate, bacitracif;g ga@,ﬁgf oBlet Ptk GhvRnasittofryvide atmethod thatmigimizes the of
resi dual anti biotiCs. eansi'ng, cutting, sizing, shaping, container

sterilization, filling, d dratian SRR 18R FordBapBed b
per f or med %ndéﬁ“d%ﬂcfg??aﬁgmyo eﬁ%‘kﬁﬁ%g@ﬁgﬁglry stdaerr}getlirl%igﬁ%%lrg %bti sspgg d
handl i ng. The bone enployed in the invention is of nonolithic proportions
in contrast tthe'smgeoncl es,” "filanents,” "threads," "strips," etc., as
described in U S. Patent Nos. 5,073,373, 5,314,476 and_5, 507,81 3., Thus, the
bone treated accor(ﬂg'igﬂn@eh-bbjeat&fﬁmdntdnﬁmmva@ﬁtﬁ@hY%teQéﬁ%ﬁ‘%mﬁ qne
relatively |l arge piece or segnent of donor bone and is intended for

i npl antation int r R §:5hétk medically Anfptcaligfsefinl substanbes; e.gan

i npl antati on é?‘?@%‘?"ré‘%négf?y, Hﬂlgb%%ne herein vmyl | possess di nensions of

| ength on the order _of about t o _ahkout . eferably at | east
about 5 mm toOéﬁeﬂﬂm‘i%teﬁ‘ﬁ%S“Sﬁﬁr%n%ﬂﬂm%ﬁgﬁggg?%%@kgi?gl\:/r\j%th will be on the
order of about 1 mn to about 600 mm and _preferagbly at | t about .1.mmto
about 1001gm Di mrﬁjmmddhmmbkmagﬁmlﬁFﬂbécb%M%? 3’2&%@%‘%‘5@ thoRn t o
about 30 nmm and preferably at |east about 1 mmto about |10 15 nm,Z_Any one
of several metpARE in vy Sihe olsjécts setfdrticatiove and thei fategoing: spreifcation-
machi ning can readily obtain such bone. The expression "dehydrating |iquid"

as utilized herein y gL eOSR%&OaddGbRledoBjedfiVes 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

15 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

20 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
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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 the solvent is readily 20 passed of f by evaporation. Such dehydrating
liquids) will be suitable even if ordinarily considered to be toxic so |ong
as the anmount of dehydrating liquid, if any, present at the i4ng(§(gf 2005

i npl antati on does not produce a toxic response. Exanples of dehydrating

| i quids 10 24 FEB 2005 useful in the invention herein would include but
not be limted to, polar organic solvents, e.g., alcohol, typically a | ow
nmol ecul ar wei ght al cohol such as nethanol, ethanol, isopr opanﬂg,p but I,

i sobnt anol , eta%’yé Fﬁlﬁ%a RARtABAKIE of withstnding the sortof mechanigal A{T W
spirit, etc.; “histologi casl solution, e.g., Flex 100""""; pol amrfﬂ;gl vengﬂei
e.g., 5 dinethylsulfoxide, smal . t Qe monblithiobare ie invehigands
chl ori de and 108Hi& Fbsr(?%&g,cltcsr{gﬁéaﬁl %t%bjccﬁgian hydr ocar bons, e.g., hexane,
pentane and siml|ar al kanes; |ow nol ecul ar i y 5. pafehter ,
e.g., ethyl etthbedistiagmishvﬁcﬁmwﬁﬁlﬂesoémﬁg‘?ﬁ‘é%ﬁ I(;’Zéﬁég gfls?/lg(s)moet hyl
ether, crone ethers, etc.; aldehyde or solutiaons contai ni%ﬂ{%g%]ydes,
e.g., formal delyde,078a78H,3 M,476 and 5,507,8 Bawhish Pt rel a
cross-linking 10 does not proceed; super critical L}Luldfiﬁags@ %itbgtcigéibp Yor
di oxi de or _hydy.ogen i+ tahingl sigdifigant pecnanica s 0
the above I3 qé‘@@‘gi%geﬂﬁqglgmﬁgti ng Iiﬁcl]ui ds nmay be selected in

accordance with the present .yir HE,staBil kial thetexprxdion tmonalithic bonddm
the bone, whi|@ indhe %%_,%JYQC}%}%{&%%;E%P&S,[ he bone. Such dehydrati ng

liquids can preferably be present in, a grade j f1 1868190 Hiineral content,

concent r at i on, referg tq fublgaminsralivedhbene, 1-¢ fb’”&%&hgﬁ gg b et hanol , absol ute

et hanol, which serves to pronote the renoval of the wat erelgsiseoctio%%%emth

t he monol i t hi cafpResucl Bendibbyitisdeemderhingraliged 1v0Me IPI’é?\?’.ée’g 1'$¢osity at 20

C, of no greater than about 1410 cps, preferably the viscosity is bei\é;@]een
f

about 2 and aboyt .3 Handset afltbtoye by nbmapre theniahowss0-pesean
graded dehydr aﬁlﬁﬁ Ig?%‘%ﬁg‘&? s ézag&Txﬁ%ﬁbone is contacted with the

dehydrating liquid_in a suitable ¢ i tBoral ededT bathe or aszOpieed of bone
bottle, oplPonamanplifhic hOW?é@Hi’ﬁiPE%vg%%rér]%%lé%@g?i olﬁal ly, the dehydrating
liquid can be applied by infusing, e.g., epplqyi 4. ZadiscIsse @ and
such as that | permanently assembled from a number oPBnatter BoncelEthénts, ¥ g. 73Ai

claimed in U.S. Patent No. 5,899,939 thie contents of which are incorporated herein 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.

ili inisi one of the
The expression "strength" as utilized herein is intended to mean any

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.

i ’ ili inisi ed to refer to an
The expression “toughness” as utilized herein is intended y

characteristic that qualitatively can be described as the way in which the bone fails, 1.e.,

7



2 ~ FEB 2005 described in U S Patent No. 5, 846,484 the contents of which
are incorporated herein by reference: -Pretreatnent of tissues using the
process described in U S. Pat. No. 'S, 846,484 or a process using varying

| evel s of positive pressure can inprove the speed at which the dehydrating
liquid penetrates the tissue. Optionally, the dehydrating liquid can be 5
contacted with the bone in the presence of a | ow pressure aquDF\e\EeQ[ﬁssuch
as that described in U S. Patent No. 5,513,662 the contents" of [ are

i ncorporated herein by reference or in the |ow pressure atnosphere provided
by vacuum packagi ng the bone and dehydrating liquid utilizing a vacuum

seal er. Opti ohaitie boreeurdietpods deforrpatingriod tcfrartive. Borekamplecbonk that éxttébione
is the presence of alternating vacuum and positive pressure such 10 as that
provi ded by t 1 AGE O, f gally
avail able fr O%gﬁ%ﬂ%%ﬁﬁ@?ﬁ%ﬁsﬁﬂ%?&%@ﬁ%g fgz})b?e;ﬂign g%’%&@gﬁ ilgssgﬁigg%kw P1
SOTM vacuum i pfilsrati,on.tigsue,pro S connerci al | vai | abl,e fr
Sakura Fi neTe Ej,ua‘rﬁltﬁ ‘ﬁ?ly’ 0 e a}sltgﬁfz?cﬁﬂqrﬂg, L7 ol gfrtg%%ﬁef %PB%LE‘SF]%P’@
the optimal tines and |evels of alterpating vacuum positive pressure or
varyi ng posi t P¥teoimplant prier tosdbrealnge andisiexpressed & wiiits of fmoartirnes largth, such as
experinentation. The tissue processor allows for the dehydrating of the
bone when $r eNewatd-shiltingt@d @d-im). es of dehydrating liquids is used. To
assi st the dehydrating liquid in penetrating the small pores of the bone,

the bone and dehydmgk Eﬂﬁgkgi&kg ﬁoﬁgﬂ%eﬁﬁeﬁ%ﬂﬂﬂé’?%ﬁbﬁiﬁéﬁig%%% ﬁf‘ fhe bone”

sonication. It has been determ ne at contacting th

dehydrating liguid in.an ultrasoni th 20 i oves the penetrati,on. of the
aud e Ao prredbicd of e SRR St el AR o et BRORS PERARR
described in g S. Patent_ 5,797,871 the contents, of which are incorporated
herein by ref Bpaidalydetedis aeaqryianae with the pvepfinnshall desepnstyate atleast greptegthen ¢ he
art, that the 12 2 4 F E B 2005 contacting of the bone with the

dehydrati ng | abmitd%cherdase indongledssas comparedo baneithat hes twan Gfopbilizedo rThabise of
the foregoing. After the bone has been in contact with the dehydrating

liquid forpa Bend @hyafatediabecirdidau4iittth thvaRiathereith@lBdenitntrat Bidryved | east

about one hour, it can optionally be 5 shaped prior to renoval of the

dehydrating | L fh i C I j tNg,
machi ni ng or %?ﬁggmrr‘gtﬁﬁ%ﬂﬂ 3? Qg%ge&%é]@ %‘n@&@%@@?ﬁ%%&ﬁeﬁgﬁ&gbeon%ouagzycut,
processed w tr dgﬂ%g&ati ng liquid, further shaped as desired, then

subj ected to 9P processing if necessary. Such shaping of bone intended
for inplantation is well known in the art and is described in U S. Pat. No.
b, 025, 538, the conThaexpressiohidimensional-gonsarving) endexmerssionscafdikeympast hallbge.
After shaping or other optional processing steps, the bone intended for

i mpl ant ati on mmderdieod hereinao nikahthitabenoficlithio bbietrqated deaneprianswsvith thaown i n
the art. For exanple, the bottle containing bone and dehydrating liquid is

initially14roaRRnfich, sm?delmbﬂé&aﬁefh% aml | Da&dreatd iﬁq?dgitmmnéiéﬁ@sr bei ng

_ 1 ot 2% :
subjected to a vacuumo ess than 100 15 mllitorr while the tenperature

is maintained at or ow .: 35C) . The, end..pod af .t he re is, the .

det er ni nat i onc%’?lp?’%%?og% °%tlﬁ?%3F%ﬁ6'f’P orﬁhﬁdf“’goﬁe %%5' g‘%&%g’é?.wﬂ%%em
bone has been dehydrated, it _is stored in sealed, vacuum contained, bottles
prior to its thedsyentionhereimwilhdemeaasteate lassshrinkage afies dekouiration thaslyaphlized
packagi ng nmeans, e.g., polyneric tray packages (inner and outer seal ed
trays), are ebbng,ely suitable and are envisioned as 20 being within the
scope of the invention herein. Oher nethods of dehydrating and/or

dehydrating |iquid aly - 46| ‘ | e ting
the bone with a grgggg%erql%@%&ﬁ uéieéh%‘? g)g}l? %ém&?%fl}?(ggh b %éheaﬁfreﬁn ‘?5@9@‘ 5
contacting the bone with dehydrating liquid in the presence or, absence of a
desi ccant 20 e. Hean ﬂmaé@@ncmofgﬁwkxtma@ﬁwumuwwrmw‘é; jof escalafig, dr ous
silica gel, etc.; subjecting the bone to m crowave energy such as descri bed

in US Pat. biologicadoéspOrsé thfaa imphineaidsis distingniished fom a mild)trasiedted by
reference herein.; subjecting the bone to heat at anbient or 5

sub- at nospher j r Ie At : t
350 to apout "EERRREGfich SechmpeictiAifls iR sk ARG i (R B
tenperatures from about 35C. to about 85C., preferably about 40C. to about
50C.; subjecting the bone to subat nospheri cspressure in the presence or

absence of a desiccant, e.g., closed container subjected to vacuum
optionally containing a desiccant such as anhydrous cal ci um




10 chloride, anhydrous silica gel or the like; subjecting the bone to

anbi ent tenperatures at anbi ent or sub-atnospheric pressures such as
typically found in a | aboratory bench-top or conventional fume hood,
alternative |lyophilization procedures such as starting the |yophilization
cycle at a higher tenperature to dehydrate the tissue then rgg $Qg2mge
tenperature and pressure to freeze the tissue and sublimte ‘a yﬁ mal ni ng
noi sture as 15 described is Bal derson, et al., The effects of freeze-drying
on the mechanical properties of human cortical bone, 45th Annual Meeting of

t he O khopaedi g Research Society, : 785, .(1.999), the.contents jch are
i ncor por at ed bﬁvmgfomawéﬁ sB ?SS@F*%&W%‘*W&W@%@SMG-O%% usefuk he
foregoing. It will be understood that all references to vacuum herein,

unl ess ot her wi ®eths freenfiorehirein shalt ba aonsideredin berbiscompetibla df, artbe tiswaf| y
provi de by 20 standard sources of |aboratory vacuum e.g., vacuum punp,
air-water ventishplagigdd %eyea&é:?reyﬁ?ir{mm&énﬂy SmB0 BénckhiteaicRtutithacke Bblace
with the invention wll exhiblit a I evel of toughness which is at |east
about 5% preferabl,y at.. east,about 10% and nore 14 2 4 FEB 2005
preferably at &§§§P°85 nfﬁw?ﬁyggter than that of a comparabl e specimen of
nonol i t hi ¢ bone which has been |yophilized. In addition, bone dehydrated
accordi ng to t BRIERPERGRIRTHING TﬁB%W%S at | east about 2% ess
decrease in length dimension as conpared to bone that has been |yophilized.
At this point, the Bipnes T ssprespits theahdnglithé Honé processed adeapbing forthoinvention
packagi ng. There are a variety of conditions by which dehydrated bone can
be rehydrated pglepy, to i nplantation. Soaking the dehydrated bone in
rehydrating solution at nornmal atnospheric pressure can perform

rehydration. Alternativ ,-the dehydr at ; [ | ow
at nospheri c . pressur 1%% %&%ﬁ&?@&%@fgﬁb‘?‘g?ﬁ%ﬁ%‘fﬁ‘?gﬁ%ﬁ Sdggicgetdi on
can be introduced via hypoderm c needl e through the seal ed rubber stopper.
The rehydr at i ofp GUNRIESSEM todCHEE. any of a nunber of suitable agents such as
sterile water, normal saline, physiologically buffered saline, dextrose

sol ution, Hnhti bi ot Figswd 3is aptetogaaph of e ioren menolithie bensrafter iyyassnkirdted toj t can
contain one or nore wetting agents such as any of the PluronicT"' agents or
any of a vari etompiessimttocfadohife.sur gi cal |y useful 15 substances such as
antiviral agents, particularly those effective against H 'V and hepatitis;

antim crobials and/ ?f%?é‘&ﬁg%éﬁéﬁtﬁﬁgmrﬁéd&wéﬁﬂh hfatioR 8§ HbkciCI N,

neonycin, penicillin tetr ., viomycin, chloronycetin and

streptomycin, cetazalin, .anpicilld azac [ ks I cin,
gentamicin, etc.: amSHe® g\&ﬁ%,ap]b%“ld'ﬁ?W@Eﬁgeéigﬁ%eréﬁ%gﬁ:yé%?lggg %%ﬁryénts,
co-factors for protejin sgnthesis; hor nones; endqpring ti s%% or tissue 20
fragments; synt hesi Figuze 6 isparapiofthe perepntage Aimensiqnal £ %}(’ﬁ AL oxi dases,
etc.; polyner cell scaffolds with parenchyma) cells; angi ogenic drugs and
pol yreri ¢ Bar rD&MEﬂBEBCRB’HMOEW' §&hi ¢ agents; cytoskel et al
agents; bone norphogenic proteins (BWPs), 15 2 4 FEB 2005 transform ng
growth factor (TG - Bghéfor iiniil%.ﬁiaiﬁﬂnisi&b&ixﬁﬂeﬁt,hsefpﬁeﬂ@rin(alrﬂﬁ'gﬂé or dntpetating | | ke
grow h factor two (1 GF-2); platelet derived growh factor (PDGF), growth

hor nones such to | tc. ol Laby 'gngﬁﬁg red
according to tﬁoﬁn%g&o%éiﬁgggﬁn%s&? %@éﬂﬁ%ﬂoﬁ ggs“gg’ gﬁk%egl?gt o%)g'ﬁ%g?ect
site, e.g., one resulting frominjury, defect ught .abqut duri.ng the
course of sur geFgmpytatiemt Thpbongds clepnsddisingse.gie °°6§‘ﬁ%‘?}ta§ W?ﬁheadﬁ“a‘a‘f'i‘té’hf.or The
bone, suitably sized and shaped as required, can be utilized as a graft or
repl acenent i nirjestloant sonieitiono Thiznisk ofedebhol intiea initmliprgicessing afitomerfat  and
maxi | | of aci al surgical procedures such as the repair of sinple and conpound

1%38&3[ i gnﬂﬁﬁ%ﬁaﬁéf b ot ??f;@?*:a%ﬂf%? i Pﬁ#&?i"??ﬁ%ﬁ%ﬁ“ﬁjﬁ% roplasty
el acenent anbOVBUES el oGS eGi 1 CrES B THLC pat F iR 5 Peg

i ncluding spinal fusion and internal fixation, tunmor surgery, e.g., deficit
filling, discedieoleys tharpédoneatéranptentrequired by thefA ApT.Bapriordo dtorageof bonednteadédor
cervical and thoracic 15 operations, repair of spinal injuries, scoliosis,
| ordosi s and kyphosis nethod of dehydratinggnonolithic bones,
intermaxillary fixation of fractures, nentoplasty, tenporonmandi bul ar joint
repl acenent, al veolar ridge augnentati on and reconstruction, onlay bone
grafts, inplant placenent and revision, sinus |ifts, etc. Specific bones
whi ch can be repaired with the bone-derived inplant herein include the
ethmoid, frontal, nasal, 20 occipital, parietal) tenporal) nandible,
maxilla, zygomatic, cervical vertebra, thoracic vertebra, |unbar vertebra,

o, A o~ A —— P



patel | a, ~cal caneus, tarsal and netatarsal bones. The invention wll be nore
fully understood by way of the follow ng exanpl es which are intended to
illustrate but not Iimt methods in accordance with the present 5

i nvention. EXanple 1 The sanples of the nonolithic bone of figure 1 where
obtained utilizing the sane donor material. Initial neasurenents of 6 sites
were determ ned. The sanples were then processed to dehydr@teFER 2008 PTM

ti ssue processor according to 10 the conditions given in Table 1 bel ow.
Table 1 Step 1 2 Ethanol Ethanol Concentration 70% 70%i me (hours) 4:00

4: 00Tenperature, (G 45 453Et hanol 95%t: 00454Et hanol 95%4: 00455F| ex

100100%t: 0045®FinaRlantatiaro (Bhe: twoa Biapbe weatqdrwithearsibiefjcstseh sppdjmyxia Brsulfate,
renoved fromthe VIPTM processor and placed in a closed contai ner under

conti nuous v dsacitracing andibqithtatitin Hhe map cOntiif dacamyiolsts bE FRIdMENGhtBREENt . 17
2 4 F E 8 2005 Anot her specinen was treated using the process of Table 1.

At the end of cllidy 9&%@%?sizﬁﬁf%?&%i[%gﬁin‘éﬁﬁeﬂiia%%flﬂlgg#gg&t%g&g_raﬂéohour >

20 mnutes in a vacuum dessi Specl men was we 1

. l he | |, of. i.cation, .th '
g7 O oo BRSSO it BB

5 tissue handling. The bone employed in the invention is of monolithic proportions in
contrast to "particles,” "filaments," "threads," "strips," etc., as described in U.S. Patent
Nos. 5,073,373, 5,314,476 and 5,507,813. Thus, the bone treated according to the
method of the invention is generally a relatively large piece or segment of donor bone and
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 “dehydrating liquid” as utilized herein is intended to refer to any
suitable solvent or mixture of solvents having a vapor pressure at relevant 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 amount of dehydrating liquid, if any, present at the

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

10



5 Iyophilization unit overnight to renove any remaining water fromthe
speci nen. After renoval fromthe Iyophilization unit, the specinen was
agai n wei ghed. The difference indicated a water content of 3.45% water by
wei ght for the al cohol -treated specinmen.. After being rehydrated for about
5 m nutes, the specinmens were again rreasured to determ ne the existence of
any di mensional changes. The results of this neasurement ar{l1PERi2086 in
Tabl e 2 bel ow. The percentage change in di nmension was determ ned by
calculating the difference between the pre- rehydration di rension and the
initial dinensio leld,ed y the initial gqrrens and rrultlplledb 100.
Therefore, allUSea} a%&h%néentwné@f%@we@l@@clu by 1\%\’ imifed togPelatorEsnie $Qih/°nt8
di rension. Table 2 15 Al cohol Onl yAnterior Hei ghtPosterior HeistSl ot

wi dt hSl ot Hei glpAalceholptypially arlow mdl¥cakbveighvatbiohdl/shiclabemetharial cotiinel, Speci men
1-0.67-0.4b-1. 78-1. 03- 0. 59- 0. 28Speci nen

2-1.13-0, 31-0. gé-gr;,gg.gogg%lﬁ@o@ S O AR e hdod i ST, 0 0. 331

11 0. 880. 700.18 ecl men 50- 3. 702. 43Speci nen

4-2.40-1.45-0. 54-.7 1 bl ti nued)
Freeze-Jjry_ AnF‘eeP}Yb”% LBﬁFéGi‘t‘%ﬁj’lP%‘Falﬁg\ltltheSgBF%‘f\ag SP@?ISO vedflelg)

Hei ght Anteri or/ Posteri or Di aneter Medi aULat eral D anet er Speci nen

6- 1, 97- 1. 945 1. dmethylfeuires smalhlrgtomes;agetoney ghloroforpy methylone ghloridg and ethylene

- SD2, 720. 550, 781. 68~ 0. 760. 96 Conparative Exanple 1 5 Sanples of the

monol i t hi ¢ bonehlofidé;istraight dhaivehwirodattons) ed., hexane, ipentane ahd similandlkalesidow. The
bone was then either processed according to the procedure of Exanple 1.

with five m nUpRSechlar WEbHR Qlkemes?bstdiy:- ARt bgne&yr%er' R R/ ddibkaer

i ndustry standard conditions or frozen. e sanples were then subjected to
conpression to n u aX| vQ- h (MrSs
model 858 Biont Qyﬁﬁggg%ofgﬁn 5‘%@45&’?{ hodhn e&lgtrs, c. qugl@ﬂl o?sc;l@@&nsm&]fg

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 m! bottle, optionally with mechanical stirring. Optionally, the dehydrating
liquid can be applied by infusing, e.g., employing a pressurized system such as that

1l



I 0 control to apply a constant conpressive displacenent to each test
articles at a rate of 25 nun/mn. Before the start of each test, a
conpressive preload was applied to each speci nen (under |oad control) of
2~ON and machi ne di spl acenent was zeroed at this point. This was done to
provi de a consi stent zero displacenent starting point for each test. Tests
term nated when a total conpressive displacenment of 2. 5mm hagdy beep 2085
inmparted to the test article. In all cases, failure (a peak in |oad,

foll owed by a sharp drop in | oad) was observed before 2.5 mm of conpressive
di spl acenent was reached. Test articles were | oaded using stainless steel

i nserts whi chideeritiediARrS.Futddd loJ Bj846,484le bontents of whiet ass interpematadiherdin by est
article, with the exception of two small nounting holes on both the | ower

and upper insegt. Th stem 1 KN | k Rad _ aNges ed
To 54 F E HeseeE 65%8{"?%]&?96?5‘3%? "fsﬁ\%g}%eﬁgf’%’ec?g 5"*5&%‘?@3&?@??‘@% yBas s
was neasured fromthe test systens displacenent tragnsduce LVDT) . . Peak

| oads and enemrgyprbcnsbusiagvmaﬁlgabvalmfdmébﬁWE@ﬁ%W ¢A0IMPIRE tf‘%éRfe gl?whmﬁ?he

di spl acenent curves using Teshvorks version 3.6 test software. 5

Measurement s gy aaﬁng LRF PRfetPASY tHy tissab, UDptiowatly dhe delidretingdipuideanibei cat or
of toughness. TKe resul’ts "are contained in Table 3 below. Al units are in

N Tabl e R R Rt e Rl U £105 B MR ANGORRh of ol

rehydrati _

rehydrati on) Donor | 39731246383 5874 nor 229546244251807827142 0 5531
2203824122192@%%%&%&495?15&%22% &Y 8’2@?&”@5@%‘?&8‘?@%@%‘?@% ard
Devi at i on6943502855651102SPer cent age Rel ative_to \

Fr 0zen100% 1 28d@&eft it tedowemesauye amadsahdre provisled py yacyupackegipg she hone angd
Gonel40. 4940091 7. 39%437. 0% After being subjected to conpression to
fracture, thegsapkingMqgidaNRingesvablunisedled] Optiensly, tealthydrating bquid can bhe

rel ati ve degree’of f;ga&mant ation of each treatnent nethod. This relative

degree of fragiental hif tﬂesbo%lsigﬂ%rﬁrésgﬁge%?mémﬁingtﬂm @& posifi® pressure such

10  as that provided by the Hypercenter™ XP Enclosed Tissue Processor commercially

a.véilable from Shandon Lipshaw USA or preferably a Sakura Tissue-TEK® VIP150™
vacuum infiltration tissue processor commercially available from Sakura FineTek, USA.
As one skilled in the art will readily appreciate, the optimal times and levels pf
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 penct_;at'mg 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

12



degree of fragnentation of the nonolithic bone was scored on a relative
scale from1l to 20 2 4 FEB 2005 10 wherein 1 represented no
fragnentation and 10 represented highly fragnmented. The results are
contained in Table 4 below. Table 4 FrozenFreeze-Dried (5 mnute
rehydrati on) Al cohol (5 mn rehydration)Al cohol (2 hour rehydration)Donor
12622Donor 22742Donor 32422Donor 4274N AAver age2632 5 From zngEﬁb?ms. dat a,
two separate neasures of energy absorption indicate that fré&eze-dryrng
decreases toughness. Al cohol treatnent al so decreases toughness, but by

less than for a comparable freeze-dried graft (29%redu tichn for F%ﬁ\)/az 16%
reduction for catactnglof thetoae with theadehpdrpting lignid candb casgied it by 4py qomyypation

i nsertion, since many of the grafts that would receive this treatnment wll

recei ve nmechanirgad olthQeef (e thfd, etc.) 10 to place themin the surgical
site. At Iatepftﬁérre poi nts, af erg]rehydration for 2 hours (whether in a

container in the o af.i roo or re Al 4 | ! ' i cal
site), the graft b@&&&@%gpﬁﬁqs?ﬁvnt%ngﬁt&hﬁr{gggﬁﬁ% étiht?el ﬁﬂ{?ﬁa (ﬁ;dgh%ess
characteristics. It will be understood that vari ous m:iglifi ations %ﬂ? be
made to the embouliSmeimntes tmabousheaysapreferablsl & deaat ahopbens howr i can RRAgpally be
above description should 15 not be construed as limting but nerely
miplishediby

e o i Pl B g oo hat e wi (nin ( he scope
of the clains 5 Pneg?ﬂ)%%ing,z%achinjng or other method of shaping bone. Thus, the bone can be
rough cut, processed with dehydrating liquid, further shaped as desired, then subjected to
further processing if necessary. Such shaping of bone intended for implantation is well
known in the art and is described in U.S. Pat. No. 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 frozeﬁ 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;

13



2 4 FEB 2005 WHAT IS CLAIMED I'S: 1. A nethod for dehydrating a nonolithic
bone intended for inplantation to conserve at | east one of the

bi onechani cal properties of the bone during dehydration, subsequent
packagi ng and storage of the bone, the nethod conprising: 5 contacting the
nonolithic bone with at | east one dehydrating |iquid; dehydrating w thout

| yophi l'i zi ng the nonolithic bone; and, packaging the dehydrap ddFE8n20052

The nethod of Claim1 further conprising infusing under pressure the 10
dehydrating liquid. 3. The nethod of Claim21 further conprising sonicating
the bone and defpydkia H&%ght‘bmqghggﬁattﬁg 1i§hﬁ1 iRt d\9eseRbe &labkdRcd of 4 BéstRknt,

conprising contacting t ehydrating liquid in the presence

of a | ow pressure a here. .5.. The neth %) i f. er. ¢ ri:Si ng
contacting the®fo H@%ﬁ@a{‘ﬁ"é” by Grems FalRgm ﬁ%g‘ﬂﬁ%’ gﬂ‘%{%} Blglgéséér]l’cgetc'bw“hng
alternating vacuum and positive pressure. 20 23 2 4 F E,;% 2005 6. The
met hod of O ai thebonetormicrowaserpneray sugh esdessabedig U.BPabdNe 4509804 dhe contents
dehydrating liquid in the presence of alternating | evels of positive

pressure. 7. Thfwhicharedndtporited by feférencethereimaoiyectingribe bdhedoheatat amibgjeritioe
dehydrat ed bone just prior to inplantation with a rehydrating anount of at

| east one rsehydpaty bédiesl Qg ! R o} RepERARes Bom ABSut ABLMQ6 afut
Claim1 vvhes(raei %ﬁ@%@%@é%@%&%g‘? |(§;eseal ccted f?somntlhe group e
consi sting of pgthanol, . ethanol  _isopropapal , butanol . | |

et hyl but anol , i &P‘&Sﬂbﬁ'ﬁ%‘&, Of)thP&’BWg%i G e YaCHIR °EF%‘% ﬁ??’gﬁéégﬁgeﬁifﬁpﬂ about
graded series of dehydrating agents, histological solution, Flex |OOla

di met hy!l sul f oxBSRE. teatmizt 8306Y, preferably@boutd@°CclalabewiSor Gy suhiacking Biedoantaibye,
et hyl ene chl oride, straight chain hydrocarbons of |ess than 12 carbons,

hexane, pent anguydsBNerfkphacik B thepledétice At hsenesof aqibietant, eqf fobised catdindr
et her, tetrahydrofuran, dioxane, ethylene glycol nonoethyl ether, crown

cthers, al dehyde s 4 QLSS &ahlie 8 CHNHARcn LRGAREDKGum O el i 1

super critical St

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 procedures such as starting the
lyophilization cycle at a higher temperature 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 effects 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 thle 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 sources of laboratory 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

14



carbon di oxide, liquid hydrogen sulfide, and m xtures of two or nore of the
above liquids. 9. The nethod of Caim7 wherein the rehydration solution is
selected from 20 the group consisting of sterile water, normal saline,
physi ol ogically buffered saline, dextrose solution, wetting agents,

medi cal |l y/surgically useful substances) and antibiotic solutions. 24 2 4
F E B 2005 10. The nethod of Caim9 wherein the nedicall y/fgﬁg a%q%
useful substances) is at |east one nenber of the group cons g bone
nor phogeni ¢ proteins (BWMPs), transformng gromh factor (TG beta),
insulin-like growth factor (I1G=-1) (1GF.2), a | atel et derive [ h
factor (PDGF).prsfetably ardeast shomit d SHogreaterihan ﬁéb"r}dw%wg ReY™5? °gj“§ﬁ‘§\‘%i‘.° 12.
Monol it hi c bone obtained by the nmethod of Claire 7. 10 7 3. Mnoljthic bone
obt ai ned by t higoneaiticichastbeéi BiophBized.4In addition; bave dehysatedacardingitofle t he

met hod of Caim9. 15. Mnolithic bone obtained by the nethod of C aim 10.

15 16. The bo V,Qﬁtio?}féi‘éﬂc‘ém 2Bishit 1dagt dboutPyhRssddceeasd inllerpih dinkensibn 886
greater than thaf of a conparabl e speci men of nonolithic bone which has

been | yophilized. 17 he Qon f Clai Ak | fhetih '

| east about lo%’ﬁ?aé%ﬁ@-rgo%Blaﬂﬁﬁsol?%&tly%ﬁlﬁ%é%\gﬁggga%qéh gggg@nﬁ%aﬁoﬁlﬂe ithic
bone which has been |yophilized. 25 2 4 F E B 2005 18. The bone of Caim
11 wher ei n § hefurthepshapedprias tapatkaging. about 1 S% greater than that of a
conpar abl e speci men of nonolithic bone which has been Igophi i zeck 19. A
met hod for dehydr at Thete arnovariety of dnmditians by wich debydrates bens Ganibs gehydrated

prior to implantation. Soaking the dehydrated bone in rehydraﬁng solution at normal
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, normal 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 antiviral 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, clindamyecin, 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



S conserve the toughness of the bone during dehydrati on and subsequent
packagi ng and mai ntain such toughness during the storage of the bone, the
met hod conprising: contacting the bone with at | east one bioconpatible
dehydrating liquid, renoving the dehydrating |iquid; and, packaging the
dehydrated bone. 10 20. The nmethod of C aim 19 further conprising infusing
the dehydrating liquid under pressure. 21. The nethod of d a?n@ }:Sﬁg %?Qer
conprising infusing the dehydrating 1 S liquid under alternaling 1evels of
positive pressure 22. The nmethod of C aim 19 further conprising sonicating
t he bone and dehydrating liquid. 20 23. 'The method of Caim 19 further
compri si ng Contrafilfbaink gﬁomqsctgfmgt@mgmw powth Gictot (IGF-ORdnsulisie e

of a | ow pressure atno ere. 2 E 8 2005 24. The method of daim

19 further conpri s cont ' bon t L0040 G e
presence of argré}%h?*?ﬂaf %ﬁ@ﬁ%ﬁ%@‘&ﬁ?ﬁ?@@@ﬁ@ ¢ éff%gvmng%%‘ég? udtf
Claim 19 wherein the dehydrating liquid is selected fromS the group

consi sting of mesdmatoiropias ¢ianol , i sopropanol, butanol, isobutanol,

et hyl but anol, acetonitrile, pyridine, industrial nethylated spirit, graded
seri es of dehydrati Mheagigydrsted hioaslithio gomeaprepsrsd acqosding fo G megiaod herein is

di nmet hyl sul f oxi de, small ketones, acetone, chloroform nethylene chloride,

ethyl ene chyor idgndcth B UBbiia ooty dlre el Ssomresubiieg frominjiiy, dafdaobought

hexane, pentane, [ow nole ar wei ght al kenes, esters, ethers, ethyl ether,
10 tetrahydrofuyan, . di oxane ethylen I AREVYY deREIdBmenfal OWN et hers,
al dehyde, sol u?ﬁ%ﬁsd“(%’ﬁﬁ?ﬁq"ﬁﬁe@éﬁr@ﬁ@ﬁ%};&?@b?l%' de%#;de, forﬁmalni n, super
critical fluids, liquid carbon dioxjde, ]iqujd drogen, sul {i de,.

mixtures of tweafasmation &he bone, %@b}@swiﬁﬂa&r’e&j Bstidy, 34 b e a arptt
19 wherein the step of dehydrating is carried out by contactin one

the b
with a graded woetépscenfentiiha widetvariely of ethopesic, seuropygiselignd oral ﬁag paxiliofacial

surgical procedures such as the repair of simple and compound fractures and nonunions,
10  external and internal fixations, joint reconstruction such as arthrodesis, general
arthroplasty, cup arthroplasty of the hip, femoral and humeral head replacement, femoral
head surface replacement and total joint replacement, repairs of the vertebral 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, meptoplasty,
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,
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to m crowave energy; or, by subjecting the bane to heat at anbient or
sub- at nospheric pressures; or, subjecting the bone to sub-atnospheric
pressure in the presence or absence of a desiccant; or, by a conbination of
one or nore of the foregoing. 20 27 2 4 F EB 2005 27. The nethod of

Claim 19 wherein the step of dehydrating liquid renmoval is carried out by
subj ecting the bone to m crowave energy; or, by subjecting t @b h&Be 200D
anbi ent tenperatures at anbient or sub-atnospheric pressures; or, by

subj ecting the bone to heat at anbient or sub-atnospheric pressures; or,
subj ecting the bone to sub 5 atnospheric pr.essure in the presence Qr
absence of a demiatbenss, mejacarpn) benesHslanges; ‘E}Hmo’lscw’ Bhb! .Q%S{faﬁéﬁnﬂa,
foregoing. 28. A nethod of using the bone of Claim1l for repair of at
| east one bonegagtiaped@eers; frsal 41l roetataysaldonssi sti ng of ethnoid, frontal,
nasal, occipital; parietal, I Otenporal, nmandible, maxilla, zygomatic,

cervi cal vertebra, HAGhalkibn #Al hERbR fully RRIstIAEyoREof (BE EIITIng eRamples

sternum clavicle, scapu nmerus, radius, ulna, carpal bones, netacar pal

bones, phal anges,. ili,um . ischjum, pubi s, f.emu . t.i Q] i e a,

cal canegs, t a?‘S@Fh&de%‘ieéttaﬂL“é"ratBEH&"? h?’ﬁén%qdﬁ&% g{::%rrr%affnlcgwrl%th% pgésr%tng a
surgical site; 15 inplanting the bone of Claim1ll at the surgical site;

and, closirfg tineerdiongi cal site. 28

.A3r. A9 . An. Ar. A3Sy. AN . A. AHI9. AYS. ALr. AY. Al % A3u9% AF. AL9. Au& Al . Aq . Ar. AlE
.As9. A AyL. A . BampidY. Aa& A y% Ccd pC V '

, 2zupkfa\ W ca] cal cal ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] caV]ca]ca
] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ¢ a] c<a] cRa! HMI} A?: BGS . oo e

SULT | " v vl gbThe semplesaf tejmerotitiicone af Bevre ) whare abtained yfilizing the same

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca! ###H$$S$

B804 YOOE&SH&( SERE matddfal. (Inltal neasurements of 6 sites were determined.

*[***zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a]
ca]ca]calcaUc a]c aU c a]ca]ca]ca]ca]ca]cal*P+Utb++-//01222231 33

4=444: 555?6K6 6ORY Safirl&B¥ets thed pricessed joodehydrhte it} 2 NIBYY dsspe ay@aﬁseam]r@ag ¥a] ca
]ca] ca]ca]ca]ca]ca]lc a]ca]calca]lcalca]lcalcalcalcalc

a] ca] ca! 88 gsgﬁ’xé%bﬁdiﬁbﬁs%iuéﬁih%lﬁ%ﬁﬁk»

2004?77?79 B} xsnid_Z] c]ca] ca]ca]ca] ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca] ca] ca]ca]ca]ca]ca]ca]calc

a] ca] ca!l EBBBJCCCVDUDD! Ez EE1FFFFFJGGGOHHH@ablYll JKAKKK>LL} xsni d_Z] ¢] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]c

a] ca] ca]ca] calcalcalcalcalcalcalcalcalcalcalLL M DOOX ‘e X7 A\
r+aNaaaccchekERek] kXl {vgl §a\ W ca] ¢ aU] Em41®%f ca] cal & | '
a] ca] caV] caV] ¢grecatcalTal ¢ Ehanol 0% 4:00 |45
al ca] ca] ca] cajcalcalcalcallcal calcal calcalcalcalca |
2 Ethanol 70% 4; Ii?llqlﬁi -
3 Ethanol 95% 4:00 45
4 Ethanol 95% 4:00 45
5 Flex 100 100% 4:00 5
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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scspsqsusxszsstbtttttttt

uTuuuvzupkfal\ Wga\ W ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca]ca]ca]c”a U c"a
U c”a U c"a]ca]ca]calcalcalc a]ca]ca]ca]ca]ca]ca]ca

vvvkvvvBwwDXxxx=yyy! z) z, z8zBzl zSzYzpzzz{{{{{{]| {upj e_Zl ga\Wc] ca]c™a]c al]c
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] c”a] ca] ca] ca] ca] ca] ca] calcalca]ca]c
a]calca]c a]ca 2 L FEB 2005
11111 M}}O-~RIWkzt oi d_ZU] ca] ca] ca] caV] ca] caV] ca] ca]ca] ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal] ca] caU] ca! G\Wyv
00X aow+#} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] c”a] ca] ca
] ¢ a] ca] ca] ca] ca] cdutherspecinenivesttbated usiigdhg proacss of yl. HAtche end of the

I {vgl gb] X] c] ca] ca] ca] ca] ca]c

a] ca] ca] ca] capeakss titagdmaintn walaioweddoratgas fordl|lmake2) mirnitdsinalvaahea] ca] ¢

aU] c a]ca] ca] cal | KKTS*ds e@wU} xsni d _Z]c]]ca]ca]calc

Z} g:} g:} g:} gg?&éﬁ]égg‘i c%eﬂn .%%ﬂo@@ !:/IU| wr mhc”Y] c]] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C aU] C

a] ca] ca] ca] ca] ca] c abcah

$]b} IV]U| w]r nh!:’\Y} c] } cg%?g(]légg% ga %2}: gﬁ"ﬁ%}d@%}%g]b%g ggﬁégg@]lé]ﬁcv;?sctge%%]]agg cai caj
cajca]calca]c c

el ba] bt E&Wﬁgﬁb@%ﬁw SRR YRR L P EEB T - 3
10908 CcdE- " 109 FL. %, .

10%08! 8 "Z" mﬂmvé?&ma% theflyoghifizasionuuit dhe sproimeR asegip yreighgd. Thediffesoncg () -
I 110%=& () 11109%44& ()- '910%& ()- 100 100 10Gs90 10%0& ()- p

0zX6~\ =1y "10%mli¢ated & watgmgntent of 3:450hwuer y) weightifogghe@coholiyeatad speciznen.
D109 ()-3 :~\:!!sS#HI0OWY& ()-M;

SSH10% { & M sS#10%P! Pl & W 10% 10T 10T 10TF: s10%0 & E} [ <1:
T0@: <109z ()1 7o heaare oA DR aon SrmmYSihg eI DS qEpineasured t
SSH10%@& ()-M 2N/ | ! 10%;& () 3&Y10%;& - &@ 10%;& ()- & 10%& () -

& 10%& ()- ‘deeevmBie(the exitB@eldf@iAdinmsibnal thanges. SThOfsdlts(Of this measurement are
9&SMLOY&' ()-3"z10%<& () - 910%& ()-Z"10%& ()- & 10%& ()-7?:dEnN | ! 10%

3" 10%& G 0 ') <
o (10C Hkitabled babiOUREpdlentlos LM ameféégqlmdeemmed 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

Specimen 1 -0.67 ~0.46 -1.78 - -1.03 -0.59 028
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 1018 0.31
Freeze-Dry
Specimen3 | -5.40 -1.60 -2.12 -9.50 -3.70 -243
Specimen 4 ~2.40 -1.45 -0.54 -7.11 -2.11 -2.41
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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, lypdphilized 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. Inall 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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software.

5 Measurements of the breaking energy values was determined as an indicator of

toughness. The results are contained in Table 3 below. All units are in N-mm

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 20122
Standard Deviation | 6943 5028 5565 11025
Percentage 100% 712% 83.6% 97.6%
Relative to Frozen
Percentage relative | 140.4% 100% 117.3% -1 137.0%
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 ! to
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results-are contained in Table 4 below.

Teble 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% reduction 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 thg pati;nt’é 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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} t tSt ag:}_% é/g‘%ﬂlém%@bw WiPV&nvidion &MchYatRY&moificR¥bhs thRf&e (within'tRe scope of the

claims appended,
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1. A method for dehydrating a monolithic bone intended for implantation to
conserve at least one of the biomechanical properties of the bone during dehydration,
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 fuirther 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 levels of positive pressure.

7. The method of Claim 1 further comprising:
5 contacting the dehydrated bone just prior to implantation with a

rehydrating amount of at least one rehydration solution to rehydrate the bone.

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 hydrocarbons of less than 12
carbons, hexane, pentane, low moleculaf 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.

9. 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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substance(s) is at least one member of the group consisting of bone morphogenic proteins

(BMPs), transforming growth factor (TGF-beta), insulin-like growth factor (IGF-1) (IGF-

2), and platelet derived growth factor (PDGEF).

5
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.  Monolithic 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 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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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, liguid
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

27



s10% #& () - Y10% #& () - , 10% #& ()- 3 10% #& () -

f"109% #& ()-MJ [ vUs 10% #& ()- 3 * 10%#& ()- ("10% #& () -
9$10% #& ()- | 109 #& () - 109 #& () - KNQRSTc| obU4 "y1098& () -
101 #101 #101 # SF: 10% #& ()- 310% #& ()-  YLF10% #& () - 1 10% #& ()- c_

(|[:bWA  "s,10%& ()- "109%& ()-3 LIO& ()- LS'10%& ()-F I.Ll?(ﬁ&gé%fS
9109%$& ()-(s x |[[:bU4 "$10%& ()- " Y'10%& ()- @ 10%& 2)- P16 () -
T109%& ()-  L109B& ()- $b}||[:bU4d  “S1I0UB& ()- T Y'109B& ()- 10%& ()-
TF+H109%8& () - 3(-10%& ()-3 L&LOY& ()- Normal" "Heading 13]c" "Heading
23] c¢" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Headi ng 83] @7." HeElk megthe@bL Clairt 18 wdatein thestegrod gehydoing liquid removal is
F'T(/ C6$<CIVRRY ; h*osx UcS#*8EBLXI v| #l pgr st uvwxyz{ |}~ "#%&0() T+/ 235D78Z: _

<>?BDFO"YJ>L|V|35H%§\ vinbiecti & to microwave energy; or, by subjecting the bone to
n) rpstttuuluJuuvx z@g?f;’{‘?’fft{%{%‘%?ﬁ 11111} ZzFugayyCng( Ti mgs New

F.(.) :;g E}g '( ;i L Eou a}r@é@%ﬁggggg Oés alt:'%i%\r/l\%r%u -%Hnnc?s%eric pressures; or, by subjecting the bone
<=>?@\BCDEFCHI JKLMNOPQRSTUWWKYZ[\ ] ~_" abcdef ghi j kIl mopgr st uvwx¥z{ |}~
to heat at ambient or sub-atmospheric pressures; or, subjecting the bone 1o sub-
5 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 bone
selected from the group consisting of: ethmoid, frontal, nasal, oceipital, parietal,

10  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;
15 implanting the bone of Claim 11 at the surgical site; and,

closing the surgical site.
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