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COD5085 COLLAGEN DEVI CE AND METHOD OF PREPARI NG THE

SAME CROSS- REFERENCE TO RELATED APPLI CATIONS Thi s
application claims priority to previously filed COD5085
provi sional applications U S. 5 Serial No. 60/542, 968,

PrEPAPRE N DIVECEATDSIRTHOR OF BB IG e R AR ™

April 27, 2004, entitled COLLAGEN DEVI CE AND METHOD OF
PREPARI NG SAME, both of which are hereby incorporated
S-&EEEE&E?&E TQ RELATER APBLICATIONS ATEMVENT REGARDI NG
LLY SPO\IHSC??ED RES

e TR R FECEIN PR b o Fay gl gppTications U.S.

Sefidl N@qa@rsz:i@@scmeawb@aw bogh, eﬁutwdetp@Lmem MEDMBOD OF
I\/breseC| t he resent invention relates to a

Rﬁé’t G $HEp$ ﬁn@smaié‘iq £0665,748\filed Apoil 27sH04senditled

CQUEAGEN BRVIGR ABFENE B DF Prtie MG SANTE, i ob¥nich are

hefeb9 icobiRr e B¢l Ye ot @it théi@ entiredyst ur e retenti on,
henostasis or tissue protection. 20 BACKGROUND OF THE

I NVENTI ON The human brain and Spl nal cord are covered

STxtMO ]{Me oper awpgﬁe C\éﬁl]l:( r a Omlg%§§ Ht/\lhgﬁl

t he NovtAgplicdble.of a person's neni ngeal msrrbranes i's
intentionally or accidentally conprom sed, serious
consequences nmay ensue, unless the nmenbranes can be

FIEEBQ?I“‘?QEM (d®/Ni ngeal nenbrane conprises three

overl apping layers of tissue, which are in order from
o ut gihd @rdsenti 1nsemh®n rélates tua eoltagtredeics ardl i mpthotl lod preparing the

noi d ia mater, airi
same Mg see %&ﬁ%greﬁ% invention {2 iﬁ adhe tgﬂg?%mrmwoﬂagen
r
doPBp i use bb R0 SIE HEArcC bR A ghRn BUBAL tigme, an adhesion
barreer,ar femt‘o‘eas ] slim-itgn’elnbdymonmpt fec mmcistule getentigps hemastesis betissue
pmqecr{laged tissue. 30 COD5085 SUMVARY OF THE | NVENTI ON

BACKGROUND OF THE INVENTION

The human brain and spinal cord are covered with meningeal membranes whose
integrity is critical to the operation of the central nervous system. When the integrity of a
person's meningeal membranes is intentionally or accidentally compromised, serious
consequences may ensue, unless the membranes can be repaired.

The meningeal membrane comprises three overlapping layers of tissue, which are
in order from outside to inside, the dura mater (or dura), the arachnoid and the pia mater.
Repairing damaged meningeal membranes has largely focused on implantable and/or
resorbable constructs (known as dural substitutes) which are grafied to the damaged dura

mater and are designed to replace and/or regenerate the damaged tissue.
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The present invention is directed to a collagen device

that has a plurality of pores wherein a majority of

the pores have a diameter of |ess than 10m COD5085
Surprisingly, the collagen device nmade in accordance

' i on has good handling 5
SM?@@?@W%@% device is sufficiently

f1 exinh gﬁes’éﬂ% iffeuhiBh R difectdd't6 Q%ﬁﬁ%'e%flﬁl?ﬁc@ tha o égﬁ&amgb; pores
stiff enough that it does not cufl or adhere to 1tselrft,
whieresnt 2 mapority obthetpoges hava a idiamaserent’ less ghaovidginh aBuatprivingly, the
t. In addi,tion, the col en devi ce .in .accordance.
colffeef eiRg Mgt LEcoT e Pt A e Ly SO S Epen GERine
propeRRS! dsitRS colfageh dédicd RRGM cently TRAMIS 0 dHRKdol ifregMBF-Shaped
easy to handle for the physician. Further, the collagen
surfizogs but stiff enoveh that Balogs not cutor adhgse tosidself, iinstomantsordhe

PregfRes SO GqIRRaL B pehuinydiafiaf PR (R)Rs ifdheaftaRte win
thedsradehSinveédtidnthas tvehy gdddQueAlith Propletics UdugR @B teiksildstéength, making it
evice that has superjior_strength and handling

vemyregpetothaadle fpnthephysigigan Fudhercihe salagen dewee &t akeardangg with the

_ meayiay s _
prl YA b Y b B e B 2 et ligen devies
sudhaasi cngrentlyliaiiableicolligenatusal ighets, dhild evill ploviding then@igeon with a

the present inventors have found that despite the fact
deyigg that hassuperigristrengthjapd hapdliggpropertissve t hat the pore

Si z .5 1.6l .

i anFYStaglll gt hiaiE H adtol PR BtHtadchO LR fLs substantially
fulpyr refarbatdel despiteshavirgremajoriey of itopqres aving gydawnietey of less than

meningeal tissue to infiltrate therein, the present
10y, SHERTisH LG thepiesent inveaiorshavg foynd GlGoPiLF (heck sk hose
sklyﬁas fite aa%m&m%g B&ﬂf%HeXnﬁét' bt Xufiiﬁéﬁfl? mgt?g@e@g (150m pore

ough a majority o I'ts pores have a
diameter i praferdedrfor interaal porataand §0wintib prefieresdeliop burface pores) to permit
enbodi nent of the. sent invention, a collagen device
Erqveng e et U35 A PEate AT OB P et o Feaced by
grcﬁ%iﬁg hme%gem thsbwartiub _fsmsstﬁﬁhltw ﬁlllyfr%d?b:ﬁ)ltfrb\)gn%_@ugh-rzhﬁaﬁﬂty of

0 e mxture is adjusted to a"pH level sufficient to

its pottss have 4 diingter 9blegpthan 28umhe col | agen.. A first

predet er m ned unt _of. the mxtured | aced into a 2

Con i frerancsy e e Bbiaty nBhdnbicys e ofHR ieBich, 3 collagen
deHEORPEpadetichy MINTRE colltigln ¥ithiPulifigd Wated €l £FeriolilT time sufficient to

col l agen device is also cross-1inked. The collagen )
forges mietusea sThe pbl of the miytuss is adivsted tovh eHdievel suffigient e substantially

e ' h T e t.he
sollifip D TR ARNE R HEGbmiicd Hidnt fPheInTucd 35 }5 o
corithihern dHeanixnadiid ubjdcs Rlelyoptiilikiag pedcesSandadrmehmtsé §06ollagen
harrier, the collagen device is placed in contact with
devigryi The qallageredeyics 16 plsp coys-digked cthe collagemdeyicedias aplumplity of

pOI:eE gvh‘g%grll ?gﬁjbrﬂ? BF i dotesHAPS b ARl of 145§ FRPRAY THLE: the
collagen device as an implant to replace, reinforce or strengthen bodily tissue, or to act as
an adhesion barrier, the collagen device is placed in contact with bodily tissue and that
contact is maintained until the collagen device is substantially resorbed within the bodily

tissue.
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ti ssue. 2 COD5085 BRI EF DESCRI PTI ON OF THE DRAW NGS The

i nvention can be nore fully understood fromthe

foll owing detailed description taken in conjuncti onCOD5085
with the acconpanying drawings, in which: FIG 1 is a

BRIGF B asobOF L BRAWBIGCE wi i h the pr asent

i nveRE '1Mntlgﬁ &2 bhoreBN 2 MHd2t08d Frofh the g@[o»ﬂgg g&%ﬁé& ve

view, side view and top 8. ew respectiv
desmptlag talrenl gveangyncéing with@ie a@:&n@@lﬂ'hgdxmngﬂ, imghichdevi ce

mad f,a [ ti-l of |am e_.product. DETAI .LED

DE B R o haffiRtos SRetoa G Plep g, » clfasep Savicn

ac&dﬁ@anﬁ;@m%@ﬁrelsénmeﬁtlbﬁ| ustrative of the principles of
the invention, and that various nodifications can be

madE1G§. 2AcRband2C hesn fower hesspactivewicho side vikypand fopgiew

d f the i ion. All
resP%‘f%é’Fé’ ?eas ggggb&]?écfscpf‘%d ;rg :exgrleg\sile;t: ﬂ(r:lorporat ed by

r ef PIGHCEABCT shB®i 4 colabén @dwice lﬁéae%mhhmgﬁyerct&\mﬁﬁlaterpmduct
accordance with the present invention is prepared b

m Xi ng collagen with purified water for a period of

lep.f ] The rati o of
@agen g: purllq JOI‘QF 'S ween approxi mately
O 4wl te Oitewtond thitehpdredoingie onIy fustiftiviedf tirinciples of the

. adj,usted to a pH level sufficient to substantially
invepligfhiangd hat mém@dmda@%lonﬁ\cmbbwe%mmé@slﬁmkmth@ﬁrtt“n@out

t
oot o e 458t 358l Bty n O AN P B o
expressd;essnco?heramdﬁytre&rmahldt}mir&num f or rred |nt o a
| i nder,. or other sired shape, which wll

bl ock,
her & dollagen d %cwfae?qré%rl‘:teé’m the Pgé@mwé*reymag is;prepArpd By ixing
$1R8 With P& fﬁﬁl\tl % A0 FPER t%ﬁlrﬁé‘ﬁﬂﬁ et fbﬁlﬁ]ggﬂ m%r'fﬁkgratm of

the Cross- the collagen s eet is pr
colingen sepuri fredawateris |bdt\men\amnmmmalelm00¢% &0 61066e+wl Thk pHg)f the

mi S A oo B sy Lot « sibsmely stunbae the cofigsen. A

pre@ét@ﬁﬁmleﬂ Aol GTROMnittEred Bdh p%ea &ty QRBAtaInEE IThE miftufeSs then
. Swd The steps of formng the mxture into a
O

lietg @WOBhge@tshaﬁdmmleroplnb@gg Iprm:lesm Fheauixturb eouldabodedormed
mt% §}ogﬁs Wi n'ﬂg 8 1r{:§ Ehape which Siff Ihgrre?rlalﬁte be refsjzorrede to

collectively as a collagen sheet. The collagen sheet is then cross-linked. During the cross-

linking, the collagen sheet is preferably exposed to a liquid or vapor form of a cross-
linking agent, such as formaldehyde or glutaraldehyde. Thereafter, the collagen sheet is
ventilated if the cross-linking agent is vapor or relyophilized if it is liquid. The steps of
forming the mixture into a collagen sheet and the cross-linking could be reversed.

The resulting collagen sheet has a plurality of pores wherein a majority of the
pores have a diameter of less than 10um. Preferably, greater than 80% of the pores have a
diameter of less than 10pum. More preferably, greater than 90% of the pores have a
diameter of less than 10pm. Even more preferably, greater than 95% of the pores have a
diameter of less than 10um. Yet even more preferably, greater than 98% of the pores have
a diameter of less than 10pum. And even more preferably, approximately all of the pores
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pores have a dianeter of |ess than 10m Preferably,

greater than 80% of the pores have a dianeter of |ess
than 10m Mre preferably, greater than 90% of the COD5085
pores have a 30 dianmeter of |less than 10m Even nore

r ferably r. than 95% of the pores have a
hg‘? fﬁ%ﬁ?ﬂﬁﬂﬁﬁl 10m Yet even nore preferably,
gr egtye rcotlig%ﬂ sRE8X010D nidyDeRQt fifo B&H@tenﬁ‘mgd =Ebr T?Jmlaﬁ«ﬁ

than 10m "And even nore preferably, approxi mate
pragieterhined shages thatapsossedtmsizea Shexhb@®hasc top eas’aczehwi bottom

sorli I OR AR PRIPFERoRE TOY- T sl o8 ot buPislemined dwapmey be

chiiftfedo@1IbeT IRA0 IR pfifAof BB %sge J«Héh n@sswatédom sHY rdfsasﬁSwn in
102, bottom surface 104 and erlgluera edge 106. The

F @d%é -2o 6T lor angde of the chimmisr B is prefeblyappmwyimately harifSalegrees

0 r.of i | f th dge when it is wetted
fr&n %%ﬁ\%‘%ﬁl%&fégw ETS%‘9 nk%ur The angl e of the

c h alh &4 alidrhate oA, YoefiO LRS- rmhﬁ}gyths Qoll4per 3hélk GAERS

fromvertical gjvotl ng fromthe top or bottom surface.

compregsedytreterst dhe spidagchshect ce;blp@wnmrpaf@é 19 betricpr aprrpeimately

on&ﬁ%llfagen 2 Eﬁ‘t%% tfedigifal dROERES Z%}eb%blagéll Stegt. The

can e conpresse

appilmusayfdralsy as 4 Qub a:H?.ﬁhnfte draadhestorebahitl) or lﬁtra;homtairmad)dy
t hi ckness C of the collagen sheet. In use, for use as a

coRfaftAPT WOISHITS FRiEniogy hepPa S AT WiERs Prytectign, the collagspishect ppay be
pla%&f’}ﬁ contit Gth bhaily ﬂ?%qe. il n"sbE N eetplBﬁ{/‘E@"t&? b?nve%g the

t1ssue protection, agen s
co]d:agen abdet and thetbodily yistueds mpintdhat [ndinck, asrrentlyi esfibrardd, to be about

h I h he. bodi ]
ningy BLAIGRRS. theFollagen et Wil P Fly resirbesh Ve plapmatbcallsgen
shéeBirPdittct %ihmoaﬁwesue BB thBageh RReck @Hsarg)? etlabﬁe&r awnér!e e

fully resorbed. en p aC|ng t he col | agen eet
instrumienis; invludingsbel surgean’sbandds. Alse, shohldabemlﬁgemshez«bbneedrtoﬂ)e

reriil o T fpudies T Rl B o AR IHEOT RS sogloge ShrelBreaiing apar
t 0 Irge colfupen ishéed Redvery ESO&M&%H{brbﬁerﬁE’é %uélpasqenéﬁ strength,

wi thout the collagen sReet bréaking apart. The coll agen
makingdt vers saspetohagdle dorsthe phypidiarpr gestingatone snuadeordance w1th ASTM

h
3% 30D RLIRI sl Al it B s e 0 Al Shoce
ten6ilBstrehgepr¥atet thén 60l fsaGanpind 86k 7.43 54 609 J8HEpMISHwithan

present invention had an average tensile streng th
3Vf§§il%’a?fé\b°lﬂh%ﬁ4 Bsidopal] lots tgsted. ngumrensty apailablp sollagen ghee&s weiie

teste hﬂ{e'y h‘Ql'dtaH a@@rage tensile strength of about 6.00 psi.

One skilled in the art will readily recognize that the collagen device described
herein can also be used to deliver biologically active agents such as, for example, growth
factors, autologous cells, bone marrow, antibiotics, anti-cancer agents, and gene and DNA
constructs.

The collagen device and method of preparing the same may be used to provide a
component of a multi-layer or laminate product, as illustrated in Figs 3A-C. The collagen
sheet 100 can include one or more layers or laminates 110, 112 as shown (Fig 3A shows

one laminate, and Figs 3B and 3C show two laminates). The collagen sheet described can
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average of about 8.74 psi for all lots tested.

Currently avail able col |l agen sheets were tested and

they had an average tensile strength of about 6.00 pePD5085
25 One skilled in the art will readily recogni ze that

he. col,l agen devi ce_ descri bed herein can sqQ be, used
be ﬁ%ﬂl&@ﬁeﬂ PEPIOSTEISE, aﬁticamf V“&@PF 962 BEBEeLoidhe Fﬁkwng:a‘rlm, felt
wovSR BPhéh-waV At AR b5 s@Yh@LORRER skt Por da%ﬂ%le, a cgllagen
gene’an

marrow, anti biotics, anti-cancer agents, an
sheohas desonbed may be cdinbined Mithganmgemmeanblediid twgirbade afwatertight

coB G BE AT FTeTEsr E5 bR e der g improve one
or b hlimbbr GHtRE fdlwihgehadfitéristils ukidd 190N sBEBAA, AP can

. include one or nore layers or lamnates 110, 112 as _
Impérowability, gesvrptionainsationnhandling oharecteragtigs, FitiffnegBandidr Ribesion
| am nates). The col | agen sheet described can

prﬁ%%ﬁéq\gﬁ%%w?'am nated or otherw se attached with one or

a nanbesllapenishéct hdyl igviudoa layed G a fild br woVRMARIR at the time of
non-woven matri X, nmesh or a second col | aggn sheet. For

prasgesing e callagsnshest o thek ids ingerpeeated withia t powﬁdw thed
col\ci:\ﬂgﬁﬂ shckt.! KB%%E?EHEF&% ﬂolhl_?il l%;tg\rébglg/ iR %Bﬁ& k‘ggf %) lBEé collagen

struct. a nstruc

sheea by adusimethods iacldding bat hetlindiwel 16 adhésives, leaipregsing,Gind
e.followi ng characteristics: suture retention

t ] .
CO@Bw&ﬂglﬁmrs fingpgiparfialPeRsaing of P of kosh matarigls. diedeminte or
i)k BEOAROAR A Hhd Sy ot bR TR A0 HaPha ISP B Bt be
resbebable. dh additioh,rthe tayeoadeed mmtheicsllagentdeeict imay Hake biological active

rocessing. the col |l agen sheet so fhat it is
ag&ﬁ%ér%mqn&g@aww ERYh Peiars, BeResiInslaciors. apticarrer agenigen
lncI%alyerte‘% ot he&i{)rlﬁlﬁtatllgeen sﬁg‘g‘%{;q{?gﬁrgﬁdg rre!3 ﬁgggﬁe &ﬁﬁg&g
deviegs| udi ng but not limited to adhesives, heat-pressing,

and., conmbi ni | ayer urin rtial processing of .ane

o BBE NP Pgn S qlafis lmifuf Sighiten By VERZHRR ateiite
dirféBiond € kekeoraiyl ti?leqs#awa&dcb%rsatémﬁ%ﬁiaﬁ&%ﬁﬂ%ﬁ&ioﬁ%aﬁ onéBYthe

not be resorbable. 1n addition, the layer added to the

othgplayerge in this/mgnnerpthe pmf@eﬁﬁi? ICb@rB@iaﬁstiﬁs wof one IE@E!H?QYI be
cmpfigsfhet o8 berthif Ldcilion & GiblP, GBRHR it R ERiTEmRnS g e

surgithEproadduyd)i | e it may or may not be on the collagen
devi ce. The various di nensions of the | am nate

structures may vary from matching
EXAMPLE

Referring now to Fig. 1, a non-limiting example of a collagen device made in
accordance with method 10 for preparing a collagen device in accordance with the present
invention is illustrated. The method includes a first step 12 of adding a collagen powder to
purified water preferably in a ratio of approximately 0.4% to 5.0% w/w of collagen
powder to purified water to hydrate the collagen powder. A ratio of about 0.40% to about
3.50% w/w is even more preferred. While a ratio of about 0.60% to about1.20% w/w is
most preferred.. The collagen powder is commercially available from Datascope of 14

Phillips Parkway, Montvale, New Jersey.
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di mensions to one or nultiple |layers have greater or
smal | er di mensions than one of the 20 other |ayers. In
this manner, the preferential characteristics of oneCODS085
| ayer may be enphasized at a certain |ocation as

desire depen on t he r uirements of th

ur dPE SR a1 MRl oSl Bitni B Pyt wates fr a period

of fime@uffR¥knk kd‘f&ﬁ%ﬁﬁ&gp llrga]?gxé?n | ARG 6{{5?1@8 of Bime is

accor dance w th net aring a co
preferablydrdanm abmut dhrde (Bao wixt () ninmtq:sr éﬁmnmxmmw pr&t’enahlyl achieved first

it OB PG et Rerolthiies oo o Jeged P B iy o

shéaﬁn? of Bifel 1185 enPd: XTH@&%% Hixehaf be aQTpMhiN™ fn'nxer model
agen powder to purif water to hydrate

L1E6B Iﬂa@g arixgsoatdeo 1000 rpam and lsfcoabmmally 40sibable fmmdnglﬁﬂm which is

Y d. Wiile a ratio of
uﬁgggﬁeaer\é'bs}ogpgl ijoqrﬁr}?oc% @‘fﬁ/%\i’ﬁ’e & host preferred.. The
col Dagiag tiombiahig,ithe SISMBTeGhRhlY iPadtaiion ﬁremmmed pH level
Dat ascope of 14 Phil I'i ps Par kway, Montval e,

in gtep $@yIn onecopEdgnentibe pradetermined @H layednis p@fqrhlelm hfrtvmd
ap}%rgxﬁ‘ﬁagﬁy #AS ﬂdt .0 t\bl% lpﬁrﬂeflé\ﬁ ﬂw\’\@ge cnffc?];r;mﬁt ogjé?_rﬁ}néw In another

I cren orma mxture

embodiatkinteing preﬂd&tbﬁmﬁéﬁ pHdea istpréferabsy beﬂﬁv@érﬁi;i}i%ﬁnfafdl’ﬁl 1.0 and
about three&m to six (6) mnutes. The m_ xi ng
13,9y whichdppBovs dhs soelactric pgnnt ofthe migture| At the @myatg@mﬁ the adjusting

of ﬁeryﬂf—f a%ﬁ’lflffr 1&11'5‘125[1 cfﬂgsaflﬁigggfgk lufﬁgs 1 oI éﬁ%?[&%)er S)Run? greferably

aclg'e\rtﬁlvﬂuha the mixtaye 15 &eimglohighd with The gﬂnxle Imm&tifﬂa mlb(hié)s'ﬂ)eed of

that m x at o 1000 r S. CQNMEr ci
beryFn pBa 40 At Q0CREN xR PELAT arput 5052 o adiet A 4iON HC! is
I Kukl r
pref @03 addid (FRae Bl Of Qurvel EhR Ay ArHIbALaG AR Beltrllly ugsd to
ad]lusi\lb¢ pHiof thst mpxtre, other avids reayblmeckisedsuch nhefopmudqﬂe ranetwemi:ld
H |.evel referably between 10 approximately 1.5 and
lacﬁc BCISV\‘)Pﬂpé]ﬂ }?l'_Ef’ Efz\l/ the isoelectric point of the

i X{HE Bdjubtihghe pPBstep 8 ?’Pask me%tﬁwﬁhsﬂ%tv%fsﬁb e
| evel is E‘Heferabl y be ween approxi mately 11.

predetegningé pHHevel. Momeevard to oepshoetthe rpiH:lepd; tlmencaﬁ atldlnave such as
] Lury AL, t.he jni tian of the
Nl VR el (el @i e B alR 10RE Sthurn Figfipige s
prefiratilp@sdd totadfist the pbl 6f he abllagen 3610Li6Y, athvidH &héhﬁydmmdes may
mxture Is being mxed wth the gentle m xer
be psed; sushaplorexample, other alkali metal hydroxides or ammomum hydrox1des
But the present inventors have discovered that the raising and lowering or lowering and
raising of the pH of the mixture may cause inconsistent freezing which may affect the
desired pore size and biocompatibility due to the change in ionic strength. Thus, it is
preferred not to overshoot the predetermined pH level. During the adjusting step 16, the
amount of HCI1 added to the mixture, the pH, and a calculation of the percentage of the
solids concentration is determined, as illustrated in step 20.
Once the predetermined pH level is achieved in step 16, the mixture is continued to

be mixed with the gentle mixer for preferably at least one (1) hour total elapsed time from

the time the powder was added to the purified water in step 12, as illustrated in step 22.
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15 bet ween about 400 and 1000 rpmto a pH of about

3.0-3.2. To adjust the pH 1. ONHO is preferably

added to the mixture. OF course, while hydrochloric COD5085
acid is preferably used to adjust the pH of the

Thy petephisie, Phevids SoaeRIanGS PEe B IER Pothc! B sha T <
adj ugter ﬁqﬁn@%mhégeﬂlé Sk Rh hditine @ﬁﬁk&t/@ﬂh wsh&e%lxer

over shooting the 2 predet erm ned pH | evel one were
praferablyet 8 muismgtspeedot Hebwesn, abohie3008rand 2000 | e, suﬁustmed 1n step

24 s W Ry BB LRl B bR f st
braajdasin thé"@ol[h'éeﬁ’f)oﬁfb@r Ihid e mixet ﬁiawe a Siiv%ﬁ@ﬂ'@hm@iéi‘%at mixes
hydr oxi e used, such as, for exanple, other

at B} 0 P00 is soi acelly vk rfram SHyets o Misehines Biptited of
Wi RGN, BIVEL ERE B d™ e BOSUE PR Bprd Rl hdjusted

whileehannisitideds beiyig efikaEwlth deshegtmixer u‘or:elﬁz loNgboui 33 .6RY
affect the, desired pore size and bioconpatibility due

to tIRe vissasityeofithe marire is measigechin step 26 preterably withethe miajion of
e? Rvershoot the predeterm ned pH | evel. During the
Q@]%us ing step 16, the anmount of HCl added to the
m x The pH ik g sgaiHo impebva shedt hﬁcﬂtdgqmpb‘médﬂ &‘hfsefdﬁﬁnﬁages og
t he ds cO centralon det.er m ne s illustrate
Pquﬁ‘a‘gwﬁ wed Wi 'Eﬁ@émfs t %P@fiﬁqemefgpﬂaievéi If qne were to

ov&@ﬁBo?Ylfe‘hH evel, fenlfy adilifre @heg WEd \%?ﬁra LOHESE %d?ied bBSthe

m xed h thé gentle m xer preferably at [east one
ml((m;eﬂoduwelttdleaﬂleVépsed time from the tine the powder
.the ur|f|e water in ste

T 6BEF Senalis capBigers begeiBmsaRoRy e inigds placed into

coft@inbf] s ARBEHBY irdétkPB0.] A dﬂfﬁ&a{t alo¥ntbiiths iR plabed dito the
After m xi ng with the gentle m xer, the mxture 'S

conthmemmhatnhar@hbw callagen depice fall hbquslléﬁmantrthwkn@s Qcppedbrm as

o o BAB550 ARE. BP0, B0 RO DB N bl Bt Rl enion,
hehpQ s, ob fiksue préteétidnt iTiRltralyqs PREFAY Brddedof B pisAd tnalRWl such as

the coll agen ovvder This shear m xer may be a

PEE(. HoweneTNheritays coulthbe mpdefomcglass, mefal geaoic, radraseimatariol

G L SO P i
alsorbi shuped Mﬁtlﬂh&ifvﬁiﬁﬁbbomlf?dmﬁéw wﬁﬁb&tﬁi@%pa&“ﬁ’delnﬁsﬁab@d to the desired

ture is belng mxed with the shear m xer to H of
ﬁn%ltféml ofthe ogllggendeyicg; Feperampleithe mnm@n%cansb aSur B

sqdaPe, HifthbetBlel" ﬁg&rcﬂlbéa}fh \Qﬁééq (Sﬂ%ul's@, haﬁ')t( Hﬂﬂeréﬁt sizes or shapes could

be made with or without beveled edges, including within the same tray, to meet the needs
of the surgeon.

The container is placed in a chamber, as illustrated in step 32. In a currently
preferred embodiment, the container is placed on a shelf within the chamber, and the shelf
has a temperature control mechanism to control the temperature of the shelf, and thereby
the chamber. Hereinafter, the temperature of the chamber will be referred to, but one
skilled in the art will recognize that this includes the temperature of the shelf. The
temperature control mechanism is regulated so that the temperature of the chamber is
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10 m xing step 24. The pHis raised to i nprove sheet

handl i ng properties. This adjustnent is preferably

achi eved wi t hout overshooting the predetermn ned pH CODS5085

level. If one were to overshoot the pH | evel, then an
addjtiye sych as HCA . woul d have be added to the

préffagblyabors, C&WIF%IOBWB%WG aifRereug. cpheAptiog surface of the
fainet RiReferibly FIERLres M E@Q'tﬁwtfl P urflte JFiHd 18bSuttgce of

copI aced F?nt'so grﬁcont ai r?er,las [ f'rlletrat eéﬂt; n s?ep %%?.O&he

shgbif fi ci ent anmount of the mixture is placed into the

contai ner so,.that ,the resulta cpl | agen device w ||

hawds OOF PRERUENE fe R mRgRtS opbe B Ean Be ghfagm temperature,
whieHDis befvitet abaetNSsb 28°Oald driher @mbb@imcnf Ahd cHAEBEr REYe about -

contact for noisture retention, henbstasis, or tissue

3°Gr dn pettanether mbodimant, the ohamber taipgratiael earobe set predidteiawv the
ks PETG . Howeveg..-the, trays could be
e L R R

placemb@idnioi thé cleanitsi- $ftthe tenspebftads stobmasmpeabiey(thén B
pol i shed netal. The trays could also be shaped with

tempegptyrecidhe ehamher isadmsied foarseeandpredatgrminediempstasiped t o

. degir. 0 . [ r
sl i 08 o T B SRR iy e
appvokimddrely alfirst pradrtaminedirad padlgk as Museated HesteprBALY Preferably, the

different sizes or shapeg coul d 25 be made with or )
seqpndl RERdetepained demperawee isi- 3 g rig adithe first peedsigrmined sime period
. . t S
el RGO, The UGG e R R U B d
preglatermemet] yemprratier foe dpprokiaditehe fdrty-fibe (450 ntiauteer i s

Pne TH€ 1 s SARIEhE AT 1Bt FRbIFoIn APBROmelEDy 4 over 2 period
of b hitdly Sn@{l ) 186, 39 Ahdstrad@th §t5}??169. %éﬁb r EEngbrly held at

Hereinafter, e tenperature of ‘the chanmper w
this appspxigute temporature fier aboki 4t leagt thirtyt (36) exinutes.| | recogni ze
that, this i.ncludeg the tenperature of. the shelf. The |
t enpotRbmd® Bistented HEion SRASHR i rhsgyally o s ederqrined
leveEdPREIBhtUb Q11w aHF:fm@J‘s?iEﬁﬁfatibﬁ of icEeRRABOHR cRARBAIS ¥vacuated, as

.. above the crystallization tenperature of the mxture. .
illupirated in steprd8ulhagecugm qande pulled while the tsmperatuse abthg chamber is

. rotfo i-t,h ;L he pl aner surface of the t
e P EOh S A 1 A B 5l b e,
chanstigp é9 evatiiztedfo dboat £1anbe inToa) SUBlimhtidreithe RIEREYsMIY Fedults in

the formation of a collagen sheet having a plurality of pores wherein a majority of the

pores have a diameter of less than 10 um.

The chamber temperature is then raised to a sufficient temperature and held at this
temperature for a sufficient period of time until primary drying occurs in the mixture, as
illustrated in step 40. In a currently preferred exemplary embodiment, the chamber is
ramped up to about -5°C over about five (5) hours and this temperature is maintained for
about five (5) hours. In this non-limiting Example, the mixture is transformed by the
above steps into a collagen sheet.

As illustrated in step 42, the temperature of the chamber is then changed to

approximately room temperature over approximately seven (7) hours. In a currently
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5 which is between about 15 to 25" C. I n another
enbodi nent, the chanber can be about YC. In yet
anot her enbodi ment, the chamber tenperature can be sePD5085
wel | below the crystallization tenperature of the
o xture tq aboyt -50'C to deep.freeze the mxture upon,
prefpeied XEmPLary TR Ehamiyer is TESeH KOs S bk oY agproximately
thre® I HoBFRRH S HEIR at HERmpBRE FRELMUER prfiod BEMAATRET
isgg]dj usted to aasecongfpprggetermuneéé té)%pgrat ulre 10
secopdary drymmg ocgurs in thietcbllageb sheet mhthout eaessivel dryinigam meltback, which

in RGN Goate e embBaist 15/6r SR0% re GREDIP b s,

Pr efig b Bitdtmnate RehbodReR AhPESIBRER ENHeNE5h1A BEBSNBIYSR UySollers or
-3'Cto -5*C, and the first predetermned tine period

plates, apeneoskiliagiinthe a1 will readidy respenize sThemodlerstranisempress the sheet

o USR0S ENH 1 1 5o PELSAS A SRS SRk e

shdet 9 resullif aRbliagd shB@NhRfis itfongbeth&® 8bB&ntiohal sheets.
approxi mately -45*C over a_period_  of approxinmately one
(1) Thesellagen sheqtisthen plaged i asereys-loekingrehamhes,fsdHusteated in step

44pP Flﬁfe Qﬁe%'i’é t%/f cgg%gfinﬁcltap tb§ Wlﬁ%?'p@né %ﬁs@%&%&%ﬁ@g &qu%%g %n screens.

about at Te acuumi

Offeoltsedhe sheetseconhbueain inahe pyieodtiafttict; layd hd ¢ross-linking processing
lglr E%%:Pjrm.ned ﬂ’level sufficient to all ow adequate

could #Gedn Hys chargbery ystal s the chanber is evacuat ed,

aS 1 e’ i - »

i (AR b3 R HiinE Mool 3E HMRIIO I Do Uiy

chamiler @ step 46 £ Th8 predetermined amenhl of formedldelryved iesudfipiknatrty at least
odinent, the chapber_is evacuated to about 50 - 250

pasfiplly saugifihe sallz Bt fs FW&%@F@S F’é“é’ERLiF'_é’ srbodiment, the

crds iRl ABertfis PorR@ldeRRRN aﬂ‘?@bﬁé&i@rﬂ%eﬁ aldehabt Igli‘lgglfdehyde is

pores wherein a mpjority of the pores have a nmet er
betgfeen approximeately @Sprand 35mh o Of ivawisertht empentaif formaldehtylle added is

rai,sed tp a sufficient t eraiure and . held t hi \
B B Bopher of ShE snd Thotihs Fatro), TE callpgen sheet i
expiskd®y ¥ liﬂiiﬁ loR Gz G of the ChRsTinkinga@ent2 The ickdsd$inkflgSent is
in step 40. In a currently preferred exenplary

reragiisd dore the cressdinkinghambesattr approdingsely sixienmuil 6) Hdawenty-four
| ) hours and this tenperature is
(Zﬂa\ﬁlspﬁsg?%{gés%%ﬁdg@out five (5) hours. In this

nonThe oolldgen sket igpreferdbivecrobsclikkted HySvapbPéraiLliifAg BY sdlitfon
30 .above steps into a collag_en sheet. As illustrated in

crosg-lipking. If psalufign st the sheel ispecfershhiylshydsatadrhsnlyephitigation.
Crésg-\}ig%ﬂ%;%. %S{I%ql é’sl fﬁﬂ%ﬁéﬁ%ﬁél%&h@ﬁ&rca%ﬁfi%&&%r % finctional
succinimides may be used. Alternatively, the matrix may be cross-linked by
dehydrothermal cross-linking or UV radiation.

The collagen sheets are ventilated for between approximately eight (8) and seventy
(70) hours in step 52, to remove excess cross-linking agent.

The collagen sheet is then cut into the desired shapes at a cutting station in step 54.
The collagen sheet may be formed in predetermined shapes that are formed to size within

the tray. The edge of each predetermined shape may be chamfered to allow a smooth

profile of the edge when it is wetted in sifu. The angle of the chamfer is preferably
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COD5085 preferred exenpl ary enbodi nent, the chanber is
rai sed to about 35C over approximately three (3) hours
and is held at this temperature for a sufficient perCOPS085
of time until secondary drying occurs in the collagen

sheet cessive dryi or neltback, which in a
apBﬁ??‘ ?rVYr'YQB ?rsé(ésféas &F‘?‘/F@E? is for about seven (7)
to tPABREM sedfdn HAHE §olla§e1|1 E‘he%f‘ls%é ?ede Wisuafl{" Gn step

col | agen sheet coul d conpresse rof
S6p ITthsﬂerasomcr samsplies Camchei sent foe teating ini stép 58331[&1 ﬂhy remaining cut

recogni ze. ers can co ress. he s t to
sediEf o B paskged B a o e R AR MRS SRkt Sl Shtusctf toghe gpd user,
in Et@? 6BNTHS colfapen sR&S isestéd) %ref‘ér'&BSrtbyW@M h&Réd ASTM E1294 to ensure
| agen sheet that is stronger t han conventi onal

MHM%OSIW%ﬂlea@QnESS Iﬂmtloiulm intséap frﬂ aced in a
o b siePE b LB IR Sona e shies TREES Fehiref siarES and fheiipisnnking

comhamnwagﬁ placed on screens. O course, the sheets
could remain in the _sane chanber, and the cross-Iinking

pr o&msskillgd in e ant wilkepppecaase further fratiresandiasivantages of the
i ROE LA GRS AR Rl o B Richis W e BE o ol S,

demnbel@,taad rponmai ralttfmlitlambfntaﬂ asva |fdm|i1‘¢§16f the ipkehfib® hefiplica to a
ast rtially saturate the collagen sheet. In

pr erg ‘?rﬁl?ﬂq“}w%trtg?ré? avilbhenmdgrstood thas apFei omissigns, substitutions,
an§ ERged inthé RenPURetdif off?%%fkgp ﬁf’.rgtre'al?@ dangll]ﬁ their operation, may

predéet erm ned anount of
be a@c bx ithoests ekt;lrled Smrtheartoviliout de;(aﬁiﬁng:ﬁomshe slilhteanﬂmupé obthe
. ded i S the .nunber
m"§ﬂﬁ%'% s %rn% oty e’fm%ssgmﬁ 3?@;’ heprabipatipns of Qr%eslcrlsents
an&’ﬁpﬁmh@h Berfbrd kbt XiRP®E shRE Mﬁloﬁ N8 6k 1ailk]'?}t§dh§5ﬂ1e way,
agent. The cross-1inking ‘agent Is reane
to the mengmdtsambemthaf the sc@prmrf mhq mad:mioyn Sukstitetionskd)

and t - f,.0 ours in s 48 d. 50., The
cleiSfie A5 ol 8 Fiped Gibadifdhcty B @eche alse il picrdsd na
coﬂ?télﬂﬁﬁatddl IIkis ko6 be Andérkiend tHat ﬁx‘éﬁiﬂl\bﬁﬁb B¢ nok Be@:séﬂl}‘ 8% to
i s used, the sheet is preferably dehydrated by

scalg; phthat thay prsrmerelyrcongeptual in n@fweeg dcordingli, the invention is not to
I

appntied clainis/ eAN publivationd iﬂd&ef%cb@cﬁefd%ﬁmh etk prdd¥ly incorporated
dehydr ot hermal cross-1inking or UV radiation. Thé

hergin hk@&ﬁ%é’éﬂ?lfaﬁﬂ@r@&ntl | ated for between
approximately eight (8) and seventy (70) hours in step
52, to renove excess cross-|inking agent.
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The col |l agen sheet is then cut into the desired shapes
at a cutting station in step 54. 30 The coll agen sheet
may be formed in predetermnmned shapes that are fornedOD3085
to size within the tray. The edge of each
p term ned shape may be chanfered to allow a snooth
C le of the edge when it is wetted in situ. The
angl e of the chanfer is preferably 9 COD5085

app&gmhqgggb%ﬂﬁg to 75 degrees fromvertical. Each cut
section o e collagen sheet is then |nspected

pr efera i sua 56...The fter

L ¥ of pierating b poffaceh EByin) Shid maeibg SomRREing e steps of
r emﬁhﬁin@ﬁ:oﬂb’éen W plPRl walr 138 afﬁ@ﬁ!ﬁ"gﬁﬁnb Jufficient to form a
conventional manner sterilized and then sent to the end

miges;, 5 in step 60. The coI I agen sheet is tested,

f bly.Db h . 1 h -
e *BlPtag v Pt e FERLE o aph lversiiod R i ially Sguitice
theldptlagéreps of cutting the collagen sheet |nto t he

desired shapes and the cross-linking could be
r ev@lasing a [osbpredetemmeined ampwt of the mixture antp aeontainer;

fur d f th 10 i nvention
basttl‘:ylc})‘i‘)ﬁnl Z?% 06121?%%0%?@1%%&;% Wil e there
havercheankm@mcolla@asdmmd, and pOI nt ed out

fundanment al novel features of the invention as applied
to a preferred enbodinent thereof, it wll be

2. Undehshaethd (%F},Il?&ﬁaf "ﬁ{é? i ?egft}r ﬁﬁglfQSts/J Qis{lj-nl: thIan B§res ha

changes int orrh an

dianetersif less e ldpdh.i n t hei r operation, may be rrade by
those skilled in the art wthout departing fromthe
spirit and scope of the 15 invention. For exanple, it

3. 1S qRERRHTdof MR SrhetdiR bredter u&gfﬁ@%@f elsvigd g{n{%eﬁ

el enents and/or steps whi'ch perform su st ant |

diageter of lgss thapl Opm substantial ly the sane way, to
achieve the sane results are within the scope of the
i nvention. Substitutions of elenments from one

4. des qni: bthoardrediines) twl'fcﬁelﬁl B;Iq;rbﬁfna@élﬁ aRbBtheldéilcs p'ofgsq{dqﬁg

and contenpl at ed. so to be understood'that t
‘hﬂﬂﬁﬁmoﬁ§§sﬂw@1ﬁunlnecessarlIy drawn to 20 scal e, but

that they are nerely conceptual in nature. Accordingly,

the invention is not to be linmted by what has been

5. par The wethddyofe i , ahdreibe GCthi Bting Sepeide ratfo bnsiﬂﬁgé@té purified

y.the appended clains. All ubllcatlons and
WaFeéfﬁe‘?eéWE%%aRPFQ?@@aW @ite tQr5eo»é)‘c’fz{li“"essI y i ncorpor at ed

herein by reference in their entirety.

6. The method of claim 1, wherein in the cross-linking step, the collagen sheet is
exposed to a cross-linking agent, the cross-linking agentis at least one of formaldehyde
and glutaraldehyde.

7. The method of claim 1, wherein the collagen sheet is at least one of cut into
predetermined shapes and formed in predetermined shapes that are formed to size, an edge
of each predetermined shape is chamfered to allow a smooth profile of the edge when it is

wetted in situ.

-11-
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COD5085 CLAIMS What is clained is: 5 1. A nethod of
preparing a collagen device, said nethod conprising the
steps of. mixing collagen with purified water for aCODS5S085
period of tinme sufficient to forma mxture; adjusting

the of t re ta | eyel uff|C|ent to
8 sub mq%?$9f§1 .thzgn%iﬂf@gee Pacgdedeteminad shape is
chithfesdd drMEGL a%i%cﬁﬁ grﬁﬂe Hf‘@hh ofigd Mietr Whffed AL P
the M col'l agen

contai ner; [lyophilizing xture into a
devi ce ; and cross- Ilnking t he col |l agen device. 2. The

9 GovithE mighoi el & WSl type PR aforainngly 30 10 7

dea@@sﬂ&hh@ﬂl@j claim 2, wherein greater than 98% of the
devi ce pores have a d| aneter of |less than 10m 20 4.
The nmethod of claim 3, wherein approximately all of the

10V 58 RRRSof i £, 48875 B 518y BB s i
stepaddnipredsirpotht chehgsgri fied water is between

approximately 0.4%to 5.0% ww. 25 6. The nethod of
claim1, wherein in the cross-1linking step, t he

lfggl@?g%s ‘PF&L 151&1 l@m}%&ga{'% eas p?%%lélg F for maﬂgg %?wce 52

sheut;dhq:] sheesis abﬂ@l‘ﬁsdﬁl to&ﬁhﬂeen‘ﬁbproﬁ(ﬁhit@l@ odk-Halfab Bhd-cighth’s the
is at | east one of cut into

in the collagen sheet

Onﬂné[i@iféflﬁﬁsr%&h%%%é?% t.formed in predeternined shapes
that are forned to size, an edge of each predetermnm ned
shape is chanfered to allow a snooth profile of the

12 e dgdhemethad ofi cdaimnk tvhedein thesiollagenGOR0OBbitant dbltagert hod
of claim7, wherein the edge of each predeterm ned
shape is

13.  The method of claim 1, further comprising the step of:

adding a biological active agent to the mixture before the placing step.

14.  The method of claim 13, wherein the biological active agent is at least one growth

factor.

15.  The method of claim 13, wherein the biological active agent is at least one

antibiotic.

16. The method of claim 15, wherein the at least one antibiotic includes a combination

of antibiotics.

17. The method of claim 13, wherein the biological active agent is at least one anti-

cancer agent.

18.  The method of claim 17, wherein the at least one anti-cancer agent includes a

combination of anti-cancer agents,

-12-
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chanfered to allow a snooth profile of the edge when it

is wetted in situ. 9. The nmethod of claim8, wherein

the angle of the chanfer is approxi mately 30 to 75 ©OD5085
degrees fromvertical. 10. The nethod of claim1,

19% 7 oSBT RFL], “HET AR IsYTE FEP combigye wilest | 10

ovér%hooTﬁ?tl@ﬁlréﬁ&eﬂﬁlnEJlﬁH%\;e@ wherein, in the conpressing
step, the collagen device is a sheet the sheet is

conpressed to between approxinately one-half to

h hi ck f,th | |
200 e meifod of pleBRng 5 soNAERR (aTHRF S e hed Feromestu st o
| S mekMgbédIRBEN fopraTdRvatdior # peridiEofRh& QG itfentlodoih & mixture;

further conprising the step of: adding a biol ogical
act i ephilizing thegniterepmteasollagrsfdsviset he pl aci ng st ep.

;gt ."i,gégél‘“gﬁ’?% gélla%%:ﬁhmlges wherei n the bi ol ogi cal

east one growh 20 factor. 15. The

met Hbﬂnmfg the eollgds devibetodiave hlpﬁumutglo@gbfea hwiRedih ¥ enGetof the
is at least one antibiotic. 25 16. The nmethod of clalm

pores haygadiamstaroé less thaad@umone anti bi otic incl udes a
conbi nation of antibiotics. 17. The nethod of claim
13, wherein the biological active agent is at |east one
21ant iThe umﬂamtofagaintzo 3heikfin greber thah 968k of the devioe pokes have a
V\/nerel | east one anti-cancer agent includes a
Hfz'ftsﬁ p’ghtl -cancer agents. COD5085 19. The
met hod of claim11, wherein the adjusting step is
achi eved w thout overshooting the predeterm ned pH
22] evdhe nmﬂlodﬁofmimou, wthersiregeeatenthan 98% dithededes pares have a

sai d d rising the steps of 5 m xing coll agen
diamgter :ﬁ‘ g'&m\?@ for a period of time sufficient to

forma m xture; |lyophilizing the mxture into a

col | agen devi ce ;
23.  The method of claim 22, wherein approximately all of the device pores have a

diameter of less than 10um.

24, The method of claim 20, wherein in the mixing step the ratio of collagen to

purified water is between approximately 0.4% to 5.0% w/w.

25.  The method of claim 20, wherein in the cross-linking step, the collagen sheet is
exposed to a cross-linking agent, the cross-linking agent is at least one of formaldehyde

and glutaraldehyde.

26.  The method of claim 20, wherein the collagen sheet is at least one of cut into
predetermined shapes and formed in predetermined shapes that are formed to size, and an
edge of each predetermined shape is chamfered to allow a smooth profile of the edge when
it is wetted in situ.

27.  The method of claim 26, wherein the angle of the chamfer is approximately 30 to
75 degrees from vertical.

-13-
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cross-linking the collagen device ; formng the

col l agen device to have a plurality of pores wherein
majority of the pores have a dianeter of |ess than C0E5085
10m 10 21. The nethod of claim 20, wherein greater

tha 95% of t ores_have a diagneter ess ...

28, pad g grtios,or 1,1 thF KU confales psteg il eubilized
collfizn. 98% of the deV| ce pores have a 15 di arreter of

| ess than 10m 23. The nethod of claim 22, wherein

approxi mately all of the device pores have a di aneter

h 24 Th d of im2 -
R L gr i 1, i RS PR Te Wl BY Pl croge-lnking
stepwdntpres:t etollfzeR@hovgen approximately 0.4%to 5.0%

ww. 25. The nethod of claim 20, wherein in the
cross- i nking step the col |l agen sheet is exposed to a

207, 0950 BRI ARl 66 B L AELAR ATl o

shé&l&hﬂﬂiehoﬁ cﬁfnpﬁés@dd’tﬂoZﬁtwemappltoﬁnﬁiwlyﬁﬁbllﬁﬁﬂﬁ oﬁb%@tth Sthe
east one of cut into predeterm ned shapes and

Ongmw@&m s dirctdlagemeget hapes that are formed to size,
and an edge of each predeterm ned shape is chanfered
to allow a snooth profile of the edge when 30 it is

31wet The methesi dficlaith20, Wherdiretheedlladends sscombmantvrsitagem t he
angl e of the chanfer is approxinmately 30 to 75 degrees
fromvertical. COD5085 28. The nethod of claim 20,
whe all'y

32soI %F ﬁ?éggbocllt %éﬁ%%%@%@&@hﬂﬁn@?ﬁ%@ﬂ cl ai m 20,

f ur aéding complogmiahartivkagettep thefmixbeéor e t he

cross-linking 5 step, conpressing the coll agen sheet.

30. The nethod of claim?29, wherein, in the conpressing
335t ©[The liehda0d | AR 2 Whefefn ihd b@otogbﬁeatcnvé Qg‘im? ﬁeﬁteabtsone growth

conpressed to bet ween approxi matel y one-h

factfe- ei ght h's the original thickness of the coI | agen
sheet .

34. The method of claim 32, wherein the biological active agent is at least one

antibiotic.

35, The method of claim 34, wherein the at least one antibiotic includes a combination

of antibiotics.

36.  The method of claim 32, wherein the biological active agent is at least one anti-

cancer agent.

37.  The method of claim 36, wherein the at least one anti-cancer agent includes a
combination of anti-cancer agents.

38. A method of using collagen as an implant to replace, reinforce or strengthen bodily
tissue, or act as an adhesion barrier, said method comprising the steps of:

providing collagen that has been prepared by a process that includes a plurality of

-14 -
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10 31. The nethod of claim 20, wherein the collagen is
reconbi nant col | agen. 32. The nethod of claim 20,
further conprising the step of: adding a biol ogi cal COD5085
active agent to the mixture. 15 33. The nethod of claim
er.ei n.the biol ogical actjye ent is at least o
P°§qsaaﬁﬂn the.coflagen, whorewh miaiarky ol e peresitay s diamaterait iese R
ol ogi cal active agent is at |least one 20 antibiotic.
5 The nethod of claim 34, wherein the at | east one
ant |cbm@ctmgthncbﬂa$9 aadszad’bpdnmussnc of antibiotics. 25

oot mtialie BF cShaahiiedine LlfEEh dhd e ppady BehuS ting
The wiRtdi® thefevidedé S0b3RntiNMiEreSbrBed WRhAL the B@éﬂly f5x8e.

anti-cancer agent includes a conbination of
anti-cancer agents. 30 38. A nethod of using collagen
as r ei.nf.or ce Qr. tren hen

395 ociin MRRELSr Bl S8 oefn I o Gy i AR OHERCL,
met hod conprising the steps of providing collagen that

has been prepared b process that includes a
40p| yThemeph f(%’(ﬁ%“ﬂ’@ﬁ‘é%mmmlﬁme £erdaing pubstpatially pelpkiliged

Jorlty of the pores have a dianmeter of |ess than
10pbm contacting the collagen and said bodily tissue;
mai nt ai ni ng the contact between the collagen and the
bod tiss and._ 5 wher he device, is
Isu bél{hé mstand of 9f dlawn}’, ahergin eﬁotlwnaﬁsﬁcpylbmagwélag%
The nethod of claim 38, wherein the bodily tissue is
dura matter. 40. The nethod of claim 38, wherein the
42 x {The enathok &fi abamsif) stheretin thielcpllagenudeivice zenkaink @ biological active
%ﬁllagen. 41. The nethod of claim 38, wherein the

11 agen is reconbi nant col |l agen. 42. The net hod of
claim 38, wherein the coll agen device contains a

bi ol ogi cal active
43.  The method of claim 42, wherein the biological active agent is at least one growth

Cco

factor.

44.  The method of claim 42, wherein the biological active agent is at least one

antibiotic.

45. The method of claim 44, wherein the at least one antibiotic includes a combination

of antibiotics.

46.  The method of claim 42, wherein the biological active agent is at least one anti-

cancer agent.

47.  The method of claim 46, wherein the at least one anti-cancer agent includes a

combination of anti-cancer agents.

48. A collagen device for use as a dural substitute, said collagen device comprising;
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15 agent. 43. The nethod of claim 42, wherein the
bi ol ogi cal active agent is at |east one growh factor.
20 44. The method of claim 42, wherein the biol ogi caCOD5085
active agent is at least one antibiotic. 45. The
n the at | egst one anptjbi

met hod of I.m 44
" PR ke e St Ticctdrvias A BBUY AL Pops, & maIoRls of said pores

haﬁﬁgamtcﬁéﬁbgp% 10MMerei n the biological active agent
is at | east one anti- cancer agent. 47. The nmethod of

cl ai m 46, wherein the at | east one anti-cancer agent

49! Ncliides f anti o

49: of G &R fiep 8ep oF oG “BovBereiftupa ST P37ARE Medqvipe pores
ha¥4 HiaBRtr 86 Wis§ thaf QPR Si Ng: COD5085 a cross-1inked

sheet, said sheet having a plurality of pores, a

mejority of said pores having a dianmeter of less than

10u T 1 n e .of claim4
304 e ESYagt e oF it 45t e s i g 4P e inares
haef a diafeter balesd fhah 150m. The col | agen device of claim 49,
wherein greater than 98% of the device pores have a

di aneter of less than 10m 10 51. The col |l agen device

f .
1, SR LS DS YT Sk B NS o
hamdﬂmgmterdﬁiﬂssﬁlanflomnal m 48, wherein the collagen is

reconbi nant col |l agen. 15 53. The col | agen devi ce of
cl ai m 48, wherein the collagen device contains a

52bi olrg 'cﬁﬂzl.gen%{rid Bf ﬁiaﬁﬁ‘hs @ﬁerelyﬁﬁe &dtlal gélgfasr}eaﬁﬂﬁlﬁ&t‘}t)llagen.

claimb53, Whereint bi ol ogi cal active agent
| east one growth factor. 20 55. The col |l agen devi ce of
I wher ei n | ogi cal nt is . at
531C al egﬁléagen evice o zeurr? |4§) lgl erein thectliagen ?ce contains a biological

active agent.

54.  The collagen device of claim 53, wherein the biological active agent is at least one

growth factor.

55.  The collagen device of claim 53, wherein the biological active agent is at least one

antibiotic.

56.  The collagen device of claim 55, wherein the at least one antibiotic includes a

combination of antibiotics.

57.  The collagen device of claim 53, wherein the biological active agent is at least one

anti-cancer agent.

58.  The collagen device of claim 57, wherein the at least one anti-cancer agent

includes a combination of anti-cancer agents.
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antibiotic. 56. The coll agen device of claimb55,

wherein the at | east one antibiotic includes a 25

conbi nati on of antibiotics. 57. The col |l agen devi ce ©@PD5085
claim 53 wherein the biological active agent is at

| ea t|-ca cer e 30 58, . The coll ag
9tdov 1106 CBRageR EHics 71 SR AB: ATHbFomPrisg | qeﬁteone bfa film, a felt, a
mai¥, la REMCRT 2A368Hd colld éd’s‘il%ét AaCIRARG ARL dHRG.
ant’i - cancer agents. 59. The coll agen devi ce of
claim48, further conpr|3| ng at least one of a film a

051 1 J0R 2o ks LR 6, Vi AT yBRem R P BB ataghed t

théddheetWherein a fluid i nperneabl e fl|mIS attached to 5
the sheet. 61. The coll agen device of claimb59, wherein
the at least one of a film a felt, a matrix, a nesh

and 0 n. shget, cont bi ol ogjcal .

6150t Mg RS deie BECHIRR 35 ko oft e BhCo CRRER, oy, o marin,
a rhdshtahé b sewidcoHagHR shbetlcofRins@ntolefical dctivengentfel t, a

matri x, a nesh and a second col | agen sheet attached to

t he sheet wherein the biological active agent

con 919%11' ' o [ j.cal
2act %@g%gﬂa&p dtgglﬁ? I ne |5|§’nﬂ{‘th£er%% o ”anrgt o"tnagte%r? oglafl r’na felt, a
madrif, el mcshannﬂatsecond dollapatsheechtiacidao ttt shett, apertisthediological

15 63. The .col | rLdewc of cl ai m53 further
acysAgentontrinpd iﬁet egiis differentdTomyihe biglggical a&“"ﬁﬁg"r‘it gontgined
in ﬁi‘%sﬁ‘le%ﬂ%n@ of gcfﬁl'ﬁda fal, Ia?ﬂa?ﬂx SNREh AldtACbGH éo@lagé}?sh%gﬁet

wherei n the biolbdgical act’ive agent contai ne
sheet is substantially the same as the bi ol ogi cal

6331 b caendeyies ofRE 5 e Dinpiiirec fsiyds Tadupt » o, o
ma%@x ,¥neshNRd GQkt ARG 1IEEMH s@n@etodfttaéﬁe@'tmﬂ{]essheétu%ﬁ%in the blologlcal

conmpri sing at | east one of , a mtriXx,
actrﬂ@sﬂgemnwwdom shekt lag@st@he%y thersemppe ﬂwth;gllogacahaqm\re agent

5 Th d f cl 61
col e NGB 1, BB BSR P PGS e B Lt ncc
sheet . 25 66 The col | agen devi ce of claim 64, wherein

the at least one of a film a felt, a matrix, a nesh
64.and The seliagsn device afelain Abdurthenvoriprising ablesstoiecdla film, a felt, a

maﬁﬂ, 'a\{'ﬁesﬁ%ﬁta second collagen sheet incorporated within the sheet.

65.  The collagen device of claim 61, wherein a fluid impermeable film is incorporated

within the sheet.

66. The collagen device of claim 64, wherein the at least one of a film, a felt, a

matrix, a mesh and a second collagen sheet contains a biological active agent.

67.  The collagen device of claim 53, further comprising at least one of a film, a felt, a
matrix, a mesh and a second collagen sheet incorporated within the sheet, wherein the
biological active agent contained in the sheet is different from the biological active agent

contained in the at least one of a film, a felt, a matrix, a mesh and a second collagen sheet.
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67. The col |l agen device of claimb53, further conprising
at least one of afilm a felt, a 30 matrix, a nesh
and a second col | agen sheet incorporated within the COD5085
sheet, wherein the biological active agent contained in
the sheet is different fromthe biological active agent
contained in the at least one of a film a felt, a
68T I co@agsﬁa@we@ gfaaﬁﬁs]@ Nrth@!co %Qm%r!\?féast SRTA8IE folt, a
The col I agen device of claim53, furtRer conprising at
malrpg stmesheandfa sacdrid| apllagenf shieet m@tpmtt%d iwithim thesshbetawtierain the

bic AL P AT T L oS SOy e e s ¢ iploica
actfRa@knt confairaltin Md #lléast dfeors ik, aq"elt hiem#tig! Qﬁieﬁﬁbn@a second

active agent contained in the at | east one of a Im a
coffagen shegt.rmt ri x, a mesh and a second col | agen sheet
69. The col |l agen device of claim 48, wherein the
tensile strength of the collagen sheet is about 8.5
690Si Thé Qolfdken Hbeice 6f L1ameA8 dadviréift tief tefidiR siteflBth oMiiRs ®1Rgen sheet
the tensile strength is greater than 8.5 psi. 71. A
is abept B§@Hl- device for use as a dural substitute, said
col I agen device conprising: 15 a cross-linked sheet,
sai d sheet having a tensile strength greater than 8.5
70psi Thé 2ollaber dewict afelaingl 88, witereif tid @hsilesirengthds gicatet tan 8.5

s,t ensile strength is about 8.5 psi.
psl.

71. A collagen device for use as a dural substitute, said collagen device comprising:

a cross-linked sheet, said sheet having a tensile strength greater than 8.5 psi.

72.  The collagen device of claim 71, wherein the tensile strength is about 8.5 psi.
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