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[0001] The present invention relates to a nethod for

preventing post-surgical or post- traumatic cellular

adhesion on the surface of a tissue selected from

spinal colum tissue, dura mater and spinal nerves

conprising the step of covering and separating the

tissue wth a nultilayered bioactive and

bi of unctional coll agen Dbi fojl
METHOP R IR LS B3 Bk N oM e anp R TR F5 1SS ue
treating a d'w@eéﬁrenmmw@mmsnn@m the step

of covering and separating said tissue with a

mul til ayered collagen foil biomatrix. The nethods of

the present invention prevent peridural and perineural
adhesi on and scar tissue formation by providing a

‘bi of uncti onal mat AIELDAOF AIHEINEENTIONgr owt h of cells

and controlled tissue regenerati on. BACKGROUND OF THE
I NVENTI ON [ 0002] Internal scarring, peridural and

[0001]PPRé gn?é’éé{t |ﬁv$fftfb‘f"\' fel#ted 8 AtROS far bl%r\/eﬁﬁh?;’pbst-surglcal or post-
surg are well known and undesired side cts of

traumEﬁ@lQﬁéllglaf @éhyswmm@emp@|q§ﬁstlssueé@qu§e%frﬁwgwmal column tissue,

dura nfzﬁéf: S@%%gﬁ 1 Re snco én‘?@ t@gé{é&?&#ﬁdg@ﬁgg%ﬁéﬁ?ﬁﬁ’g the tissue

t i onal
with a maymdmlmbemblbgdrmeblhallmnd;legembiqmuatyietfd)iylamdeto a method of
i for ducti on e adheS| ns af t.e

. .oxid
directigy|Gell SLoerpd] SOt PBEEGNe R rreriTe B AHgEcf oA mammal

comprisfhd % Q@E"bf%@)ﬂiehﬁg\'%rndeé@da%ﬂﬁgysdﬁ&l@%@éSNlYM thmultilayered collagen
lex/ S year after |am necto

foil buqraa.ﬁrmoﬂbﬁymemisapfs&eewwnt \@(ANSEDr rersBtBeNidyrel pnd perineural

adhesgpn%cg?{:?rgﬁé%#e epl g}lr albyng)r o%?@qwsiaﬁ&%% matn ]jor irected in-

growthoof cetlsiamdozintrolled dissu® regenesatidnol | owi ng r e- oper atl on
for recurrent |unbar radicul opathy.” Neurol Res 21
(Suppl 1): 51-S60, (1999); and, Ross et

al : "Associ at i (BACKGROUND OF THEAINVENTIGNI recurrent
radi cul ar pain after |unbar discectony: magnetic
resonance WD 2007/137839 PCT/ EP2007/004791 2

[0002] Internal scarring, peridural and perineural fibrosis and adhesions after spinal
surgery are well known and undesired side effects of said surgery. These conditions
lead to a high percentage to pain, motion difficulties and often to the need for additional
surgery. The use of a gel comprising carboxymethylcellulose and polyethylene oxide for
the reduction of epidural adhesions after spinal surgery is disclosed in Kim et al
"Reduction in leg pain and lower-extremity weakness with Oxiplex/SP Gel for 1 year
after laminectomy, laminotomy, and discectomy. Neurosurg Focus” 17(1): Clinical Pearl
1: 1-6, 2004); Porchet et al: "Inhibition of epidural fibrosis with ADCON-L.: effect on
clinical outcome one year following re-operation for recurrent lumbar radiculopathy.”
Neurol Res 21 (Suppl 1). 51-S60, (1999); and, Ross et al:"Association between

peridural scar and recurrent radicular pain after lumbar discectomy: magnetic resonance



eval uati on. ADCON-L European Study G oup."

Neur osurgery 38:855-863, (1996). In these exanples, a
wOogel7/13%38i stri buted in an uncontrol |l ed nanner PCH/EPR@7/004791

application area and once applied, the ge

di stribution cannot be easily manipul ated or

corrected. Further, these anti-adhesion gels have

limted success as a barriep and have undefined | ayer

t hi ckness. These anti-adhesi on gel s have | ow

henostatic properties, if any at all, and provide no
evaluamunADh}mﬂiLnEu&bﬂmf Stlﬁdwc}rbops raa@lrodomwv 38: 8%883@(“ 996). In
growt h and tissue ener ati on. e are ev

these qwlpg afoe &p@gg@ae ah &8 émceggto{ p@ﬂngrgbtrppappphcatlon area
and orﬁ%éé'&%%n'_et% ﬂ%g@t%%ﬁﬁ@tndﬂ“ c%ﬂﬂb“n%te' @QSW Hhr‘r’n@atéﬂe offcorrected.

& Stevens,
Fuﬂhes;tbmeaaemghpssncgsée aavwnttf@démcw@s aala bamiied anddiaye undefined

aer thiindif, B8 i R 5p e RILFRERAR G0 RRrES, i any at an
and prb@(d?a)no M&na%almg Kupport functibaé emdrdo bt ditéet bell i;w.wth Hnd tissue

Caenen, & Be 2005 t | .
regenegaligisr CIET A R R SPORIRIO (ieHRAS e&saﬁé%ﬁgr#% e sginal fluid)
leaks éd?;r@n%hﬁ%nﬁmétl@ﬁkﬁi‘ﬂ? e Uk AMOADEENED! @fieb el ES &a%tt@\fens D. L.

ar discectony with the application of
(2001)gBpontanepus postreeradye cgremospinat fiyid I%«Sﬁpllowmgpmg@tlon of anti-

r
achesigf bfecpsl B9 Roglt and royigB e Mprdfye. SRS, 280, 748751
Kuhn, Unr Hof)garhrz,eB ,dnit¢liusy Haf Oer Coenbay HlildcektBewernaeyer, H. (2005).
with the us

Bllaterg[Dé@ﬁé é{ﬂ%tggéﬁei)gﬁciﬁgmgar oqsggggg]ea}pgffg% %6%] a chronic

Ieakag@”@f Gg%‘febéfeﬂirbé/plﬁé{l% laftel & f!uﬂhbaﬁdi’&%‘cﬁﬂn@@ﬂﬂ&hel§ppl|cat|on of
PLUS. The DURAGEN PLUS barrier, which is

ADCOUdvgﬁb MMMM%&@(& ABB&- 104 &8 /\Te%naogers D.
dif f t
E. Da térléa; |ca ‘ljfgnrm %OSI[LéeS?rabﬁe IdDLéZu D%Eﬂi bar‘fs(r:i;ﬁerB (2001).

Unrecamﬂezedmmroltmng aftehiughbarediscéctostyr arrgpbrt axf dowl eeteiscasspciated with

tne us B ABEDN Y, ol B end By BuRp RN d gt

(i npernmeable to fluids) and therefore has |limted
success as a barrier function. Al so, DURAGEN PLUS
[0003] 988 emmesRialvavatirkianantisadnesion rproduct 15 IRHIRAGENPLUS. The

DURA@LE‘N’ Pq‘_d‘é?)bah‘?c{e wiich § tgeof%\}m%'?@ﬁi Sis Aot séftbe stable, which

or mat1 ons an ts porous structdre pronot
meansntha disr sl ped andepdsmcm gu‘r diffiduitnia chrra@tyaﬁeprsapp,lmﬂtlpnbﬁugher the

oURASALBERLEATBEHALS BACHR AREALEnPL PR APty An cue o
the fadtothaf the\D SRAGEN fPJIU&“Uaﬁ*ﬂéleth porbusottis addredquently not fluid-tight
(impermeable to fluids) and therefore has limited success as a barrier function. Also,
DURAGEN PLUS absorbs blood which can results in fibrin bands that play a key role in
the pathogenesis of adhesion formations and its porous structure promotes non-directed
cell in-growth which may also contribute to uncontrolled fibrotic tissue formation and to

adhesions.

[0004] Consequently, a strong need exists for a new system for directed and controlled



WD 2007/ 137839 PCT/ EP2007/ 004791 3 tissue
regeneration to prevent post-surgical or
wopost13f83aunat i ¢ peri dural and perineural adh&ST@R2007/004791

formation in the tissue healing and regeneration

process follow ng surgical and traumatic injuries

whi ch does not absorb bl ood, which supports the

renodel i ng, regeneration, 8nd the wound healing

process, which directs the gromh and the in- growth

of cells, and which acts effectively as a
tissue begEnenation ta preepd matst-surdica) eor. pcpsmw}natmjperidural a@ngdrperineural

.ob%ect of.th rese aneq§ f d
adhesiggfeigRetarn i B5SHR Prgiieans LHpetabropcBss fibiing sprgical an

traumalg’ irftiad viiciedbés Wal aB%%SIWbcﬁnd/hfdhbfsﬂppﬁrts ted remodeling,
directing cell in- %rovvth and controlling tissu

regeneratigmeand ithe waundshegling Mresesse twhjpR direchs |t%%e91’0w81 |and the in-

arowth e R R TR B pao e L SRR e

is directed to conpositions and net hods of preventing

ro00s12E5, g e 5 i SPARLAGB A8 B i iy gt for
preven‘ﬁﬂb|p(iiélslf-@l[#d%:a’tlRtﬁI poh-traufagic QyéridusaICoresetine@irdli adhdsicrs aad fibrosis,
eneration after sur or traunma by usi

and difagfing Icej dn-Geewihagas PBITPIIRY ey I'R0eReralioR BYAIRING a biofunctional
collag%ﬁ@ﬂgﬁétﬁx% SoVESanP8Gthrat SHhAGloIGRh iEBuéd SSues.

colum tissues 1 nclude those such as spinal
canal tissues, dura mater and spinal nerves. The

nmet hods of t_he %@MRYWI—QWEON\@NTR?N used, for

exanpl e, during surgery, Ina mamual, e.g., a
human being, conprising the step of coverlng and

S B D TR TUR RS —
post-s l%fg i ®r ‘t’ﬁ'aUﬁH?iedperfohu?aI”&iI bbhimREESdIREdibReea fibrekis formation,

orratrlx attracts cells selected fromthe group
directingonell grawty afd celpii-graveh [andagentrallingetizsug: iegeneeatios. affer surgery

or trauﬁ%’ f?@fg?lgéa%%lﬁwgﬁf%{ g&b %Yﬁo#gﬁ%h’gﬁ%x tt(gl:j?]:o JI' %inhaé'éﬁfa(?gte tissues

such abispn‘reﬁl fcolunch tissues. ISpinal eolungm omwesanclwetthess guchaae spinal canal

tosved Want i LEMD ShoieL ot PTG Pyl mey oo

used ff eRBmpi, %dn‘ﬁp@hrp(ﬂ%l%u yih 4 ﬁﬁ?ﬁr‘h@ﬂ e.gUatHighan bbig, compnsnng
present invention relates to a nethod for treating

the step safr devering andaseRaraing rthet &sugewwbyaa%%@qpl@a"w lﬁ@"tllayered
collagérp'gﬁlaﬂmorrfa? ix'"A 5Hesg§<'$rlngfe°8wﬂe ?t%l/et BRtidL R mEBMS Bl collagen

arat’i'ng sue and
foil biomatrix attracts cells selected from the group consisting of repair cells and

regeneration cells. In another example of the above method, the multilayered structure
of the biofunctional collagen foil biomatrix directs the cell growth on to the surface, and
the in-growth of cells such as repair cells and regeneration cells and is remodeled to
natural tissue after said in-growth and is resorbed. Further, the present invention relates
to a method for treating a disorder in a mammal characterized by a defect of the spinal
column tissue, comprising the step of covering and separating said tissue and/or a

surrounding tissue with a multilayered collagen foil biomatrix in order to inhibit



surrounding tissue wth a nmultilayered collagen foi
bi omatrix in order to inhibit WO 2007/ 137839
WORQ@T/1BR3007/ 004791 4 uncontrolled tissue foPQEEPRIVI/004791
[0007] In using collagen based conpositions
therapeutically, collagen based conpositions are
usual Iy perceived as foreign by the host and often
encapsul ated. Therefore, racellularisation and
renodeling to the respective anatom cal tissue does
not occur or is inpossible, there is no directed cel
uncontrdltedrtizetid fernsatiom. control of the regeneration process
and are nerely tolerated as a "bi oconpatible" inplant.
In contrast, the nmultilayered collagen foil biomatrix
of the present invention acts as a nenbrane (e.g.,
spi nal nenbrane) functioning as a bioactive tenporary
[0007]i;epangtcpt1agen bgsed evmpesitings herapetisatly oalieaen bered

Il aver
compoloheBY BECANEAMGANE] i plidh BUIE DSz ML Bpere
Therefa, irétgallﬂtdr%ﬁﬂo@&nd reavodieting a:gmerrgtspeetlr:/ie argatomidal tlasue does not
anti -adhesi on it t ti d
ocour Qigh iragaTSIblg: INep Gnae AITBCegrcalia LAt o sehirPisT (g
regene?XlidrEpRICEs aAd Gré Yﬁer@ﬂ/d LIRSS b at“Bﬁ)obﬁfMQlé"ﬂﬂlpCéntt e
tissues. For exanple, two weeks after | ant ati on

contrasth&\amuttulay@y@cﬂ eellagsin feg diormatrix of @%ﬁ@ﬁ%en inyentip acts as a
membiang g@é y g Pme%ﬂlaﬁeﬁlfrn%g %lpé%s a bf&%ﬁﬁ’\?@fe{?ﬁ 6r'éhpsé;5‘£'atlon

PeSt dur |ssu
layer directirecell growth gvithird treef meitilayeree pyl,lagdmefori (hwoatnlxsgnd on the
surtack REIE: i S5n En ik e AHE BT e B 8ot en
growthC é@%‘%s@ ti-dHHRSRIM EdTBpoEIEETY 86) thétﬂnlﬁitl@yérdwém@@eﬁffoxl biomatrix
d (e.qg., fibrinogen /flbrln and necroti

of the prgsent iaveRiamisiaxreses v BisasivaanisoRpeds theykamepdeling of the
tlssue% GF%?%? h%lk,? tw8rwe°ék|%pé?fér| ?Ian@é}ﬂﬁ' EH@H@#tﬁéy&@B%llé’é‘br} foil

'n'the initial eriod ter surge
blomatmnxruf tthaes pretsent pweotuen tsoaimadytweihm)egrm iotst thegesatored anatomlcal

AR e N —
(e.g., m@éd)dﬁﬂlmay‘éﬁémﬁr@ft@l&a oftthe dollaga shemiteranefof thédpreseat invention is

capableveYrRaan R BP I oLt Ao (A (BN SRR bl anc
nocrol 1 AR 05y B L AN pRenre b Bl opporin
conditipne o€ adhésior fermationgn dine Huttaédlmawpmnd aftey susgery (in contrast to
porousf 8(|)mpOSIP gns ). The collagen biomatrix of the present invention also prevents
direct contact between the dura mater and the peridural wound area, the primary area of
the scar formation and fibrosis. This contributes also to the controlled remodeling of
anatomical structures with prevention and minimization of uncontrolled adhesion and

scar formation and peridural fibrosis.

[0008] The present invention is directed in part to the following:
1. A method for directing cell growth and controlled tissue regeneration and

preventing post-surgical or post-traumatic adhesion and fibrosis formation on the



1. Anethod for directing cell growmh and controll ed
ti ssue regeneration and preventing post-surgical or
woposti3resaunat i ¢ adhesi on and fibrosis fornmati @QTER200MO04791
WO 2007/ 137839 PCT/ EP2007/ 004791 5 surface of a
tissue in a mammal , conprising the steps of providing,
covering and separating the tissue with a non-porous
m croscopically nmultilayered collagen foil biomatrix.
2. The nmethod of paragraph 1 wherein the tissues are
sel ected fromthe group consisting of spinal colum
surfacé i(ﬁsaletlssgerla ammv\rzakj cmpridingheéhe estepS. of Thvidihdnodowdring and
ragraphs 1 oy, 2 erein the ce :
separafid; e (pYs stithed NospRBMY FHEdREgaRa b mifiyerss Ehagen foil
biomatAX! ti 1 ayered collagen foil biomatrix. 4. The nethod of
paragraphs 1,2 or 3 wherein the mammal is a human.
2. TheTheethed hetl paceareshng W eRIP aljeainsues \ﬂﬁ%r%@‘ﬂc@ﬁef@ﬂbﬂhe group
r h a
consisffle SEYTRHNAT PEBE, dlro Motel 3B SpERI Reteel T 1
3. Theaﬁémbednf(wtagiaphmg orsZ)wmekemUhgeeu gr@Ntthejmue:tdd)m the interstices

rdln raph 5 wherein the
betweerﬂﬂ groéghg ‘ﬁ@@% e?ifcgﬂag@ g?‘\lat?'?"?tgitracts cells
4. Théﬁbﬁﬁioe& baRIGrahtes gwrzs GeHEFbintthe ndrhnie R huﬁ%iri s and
regeneration ceI I's. 7. The nethod according

5. Themetged ghsordingto eara@r@ph 8, wherain the istemaf ppv%rytgf apd separating
the tlssgy\k"flrl | ?ﬁe-pl»otrqglgsr mwag?ye?f ‘Eglléb@n gﬁeﬂlomthx bL UFRfGdd but during

rects the regeneration
spinal sueddrg. Wi t hi n and on t he surface, and within the

6. TheRielias HTOGdp A3TagRPES "620r. FEhaefiaran e Trllayefed corlagen

foil bichfrix! aﬁﬂc@ denk| sgestetiofrom Bh@grbup Xcorssistirgp9orlepdir cells and
and renodel ed to natural tissue during the in-growth

regenqgath,répqalg within a perl od of two to about twelve weeks
7. h%ogﬁ%\ﬁb'& gfcro\‘)r%e coI l‘He?ﬁgk?%I acaprgli aaot & PNAGHAMRS n’]ultllayered

ereint is derived from one of
structura@fftbe|muﬁ||ageszmcowmfodcblemaﬁmomreﬁ@ thedorgrowth of repair and

coond it SEE B R AE g B andHEAE RS in Dl otesen o
biomatrikssues of the

8. The method according to paragraph 5, 6 or 7 wherein the multilayered collagen foil
biomatrix is reabsorbed and remodeled to natural tissue during the in-growth of cells
within a period of two to about twelve weeks post surgery.

9. The method according to paragraphs 1 - 8 wherein the collagen foil is derived from
one of the following sources selected from the group consisting of bovine, porcine,
equine, or human collagen and mixtures thereof and is attached to the tissues of the
mammal using a fibrin sealant.

10. A method of preventing adhesions in mammals comprising the steps of providing,
covering and separating tissue with a biofunctional, non-porous multilayered collagen foil
biomatrix wherein the multilayered collagen foil has interstices between the layers for
directing cell growth within and on the multilayered collagen foil biomatrix.

11. The method of paragraph 10 wherein the method prevents post-surgical adhesions



mammal using a fibrin sealant. 10. A nethod of
preventing adhesions in mammal s conprising the steps
WwOoah07pBsTesP di ng, covering and separating ti ssu@CHEPROZ/004791

bi of uncti onal, non-porous nultilayered coll agen foi

bi omatrix wherein the nmultilayered collagen foil has

interstices between the layers for directing cel

growh within and on the nubtil ayered col | agen f oi

bi omatrix. 11. The nethod of paragraph 10 wherein the

nmet hod prevents post-surgical adhesions WD 2007/ 137839
andadHé@bEEZ@Oié@BQTﬂﬂunﬁ and adhesi ons caused by trauma.

12. Th t hod o ra hs 10 or
12. T eiB80 o1 ARERetePhs L0ot 51 PAEHAR R MRS Sk ABisis formation
on the 5LA8&ESf tidstiesThe net hod of paragraphs 10, 11 or 12

wherein the tissue is selected fromthe group

13. The omshed ohgatsgraphs 40 tbpuha wihieseindhe gesue ivatalected figm the group
cons:sﬁ’r?éegfl 89\%5 SIEfnqlﬁssuEhau Feﬁa%dg irn% h8RRs10 wherein

I VI ayers o are smooth and
14. The uithadof phfagraptm 1puvlmrem tlhE.md' hlelua’ellahex$ affcgiiageny faibére smooth
e ein the individual |ayers of collagen foil are

é4 wh
and su BWBI“@ ¥ REBMRYbr ous. 16. The nethod of paragraphs

15. ThEOmetdo@roflgardapasi N4 dhefdiht ihealiriivBduAloldyaaedf fdllagen foil are
bi omatrix directs cell gromh in the interstices

compleiely\pesmpeneds| ayers of the nultilayered collagen foil

n cqll r @ ar i
to. T i SRl 0 4 8052 Wi kg, @boen o
blomatnetdlmd:tsnfcerbagraytra;iﬂnsth&@ntenstlces Hetwebertbenayérs of the multilayered

nmul t. ered colla foil act s a Spi .
collaqdft it 47 e EVET T dBP| CYPBRR HOb Aol LaP Al g eriteled into
naturaPisaVie8lytBe hadhesi on and fibrosis after surgery or

trauma. 18. The net hod of zaragra phs 10 - 17 wher

17. The meetbed ohgaraaraphs 19, Heef Jewhergimtbaediilayered CO"agen foil acts as
a tem%&ab)g’v!d”rgals%n‘?tﬁ%néehﬁé& g; ‘::Efp'ﬁrbuﬁh %fOH@wC%EFFé S\X/hll'ég preventing

ovi ne, porcine, equin human col | agen and
adhesipmandrfigosib @fteosurgedy orrheunmet hod of paragraph 18

18. The me&og § §ar%8|ra{p‘:f‘1%e{b f q'? whgreﬂ{ 91%“8&%&%0%“% %%Pi%é( from one of

the following sources selected from the group consisting of bovine, porcine, equine, or
human collagen and mixtures thereof.

19. The method of paragraph 18 wherein the collagen foil is produced recombinantly.

20. The methods of paragraphs 1, 10, 11, 12, 17 or 18 wherein the tissues are selected
from the group consisting of abdominal, ovarian, pulmonary, muscle and tendon

tissues.

21. The methods of paragraphs 1, 9, 10, or 18 further comprising the step of adding
bioactive agents (e.g, plasminogen activators), growth factors, antibiotics, cytostatic
drugs, and combinations thereof.

22. The methods of paragraph 1. 9. 10 or 18 wherein the method prevents the growth of
adhesions between bone or tendon surfaces.

23. A composition for use in adhesion prevention and prevention of fibrosis formation

comprising a microscopically multitayered collagen foil biomatrix wherein the



20. The nethods of paragraphs 1, 10, 11, 12, 17 or 18
wherein the tissues are selected fromthe group
WOoeosBEP ng of abdom nal , ovarian, pul nonary, PGUEPR@7/004791
and tendon tissues. 21. The nethods of paragraphs 1,
9, 10, or 18 further conprising the step of adding
bi oactive agents (e.g, plasm nogen activators), growth
factors, antibiotics, cytosyatic drugs, and
conbi nati ons thereof. 22. The net hods of paragraph 1.
9. 10 or 18 wherein the nmethod prevents the growth of
multilaw}bdsd:cﬂlmebefol\led'nre&:tentheogrdvahdoh celis fincthe. iMé&rstides between the
osi tion adh

collagesi 8RO g pHiEEstdadkphileTouRIyBH) Falasndol biomatrix.

24. ThEBRPSRRINCE parabidph RewieREinaAk AgBIRyeRdd cHllyBmt foilXbiomatrix is
wherein t he ng 1137839 PCT/ EP2007/y%04791 y;

derivedyirpen majesias) setﬂct%ﬂgﬁﬂmf@mgrgup &Onsisting of Peving. spraiRg. equine, or
[ nterstices between the collagen [ayers and on
human cﬂ)ngg%t]éer surface of the nultilayered collagen foil
25. Théicomgiasition df4par§beapﬂo?@@maremrthefmpmraygrexpbolmgam@uldiimnatrix is
mul t.i | aé'l red collagen foil biomatrix is derived

def'veéﬁem%{"é?ic W<kl ected fromthe group consisting of

26. Th*éot‘d)rﬂﬁosdﬂ@ﬁC(bmgar@(ilélpﬁﬁi‘,nobr 25upmarsinl thag aistilaydred Tésilagen foil
onposi tion of paragraph 23 wherein the nultilayered

blomatﬂélsl”é@jé'ﬁUﬁUiaVe'& YReEPPothiand NS PYROYST r om equi ne
27. Th\%ﬁéé@% |t’uﬁg6of E 999;59?50 5| bf’@@tNh%?élﬁgfh@pHﬁll@§y&@d2§ollagen foil

ayere l'lagen toil biomatrix's
biomatrir'diivdididabl Ibaysraeaamoczthmﬁrsumstan’mﬂy ponmmousl The

26, OGCRRRRLSRR O SBFARRERES o 58 O Mo mutiaverea

collagdnafioR bforRaix e Plofo@nan s bptdeailyi taé Ipprewarepnterosnnedted.
The conposition of paragraph 23 or 25 wherei

29. Usea9feascwpwaowntthﬁdpa% ctuss| 9Ta dRedisrment gwapl% grevention of
adhesn@ﬁ? anar He%eﬁﬂgﬂ Q)‘?tﬂb%‘s% 'ernt\él%rPﬁﬁr §Sn8hfnal wherein the composition

I nt erco nect e a conposition in the
consistsamff a&ct mcnrosctomcai‘e'm mamayerednr collagepr dodnbiasnatsix wherein the

multllaad%ﬁglﬁ%%gﬁelolqpci Eec‘?%&)'lﬁeg%s&{nlhohm odﬁiaﬁgfoqq'%zbgﬂeljaﬁoﬁ cells in the
interstifies betwar the! tollagehtlayeay evierteinotheagdiagéniid sélieotzslt from one of the

group ggr?srls(?t:ng (gfhbeovme porcine, equine, or human collagen and mixtures thereof.

30. The use of paragraph 29 wherein the adhesions are post-operative adhesions or
adhesions caused by trauma such as peridural or perineural adhesions.

31. The use of paragraph 29 wherein the composition directs cell growth between the
interstices of the layers.

32. The of paragraph 29 wherein the collagen foil creates a primary liquid-tight and cell-
tight seal or barrier.

33. The use of paragraphs 29, 30, 31 or 32 wherein the collagen foil is attached to
tissues by the use of a surgical sealant or by sutures.

34. The use of paragraphs 29 - 33 wherein the composition is available in kit form.



mul til ayered collagen foil directs the growth of

repair and/or regeneration cells in the interstices
woRBeivIee3d9t he col | agen | ayers wherein the col | B§EMAPRE7/004791

selected fromone of the group consisting of bovine,

porci ne, equine, or human col |l agen and m xtures

thereof. 30. The use of paragraph 29 wherein the

adhesi ons are post-operativ@ adhesi ons or adhesions

caused by trauma such as peridural or perineura

adhesi ons. 31. The use of paragraph 29 wherein the

conposition directs cell growth between the

wher i n o SIUEFERCAIF TIQNBF 1HE BRARITGS™"" =2

liquid-tight and cell- tight seal or barrier. 33. The

use of paragraphs 29, 30, 31 or 32 wherein the
[0009]cBig- abd# ao%ﬁ §seannineh &leation mlg@éegoq)yphw@gm dfusfrating the
surfacs SF & 518# ﬁglgénéoé%b vﬁﬁ‘oﬁ Bidth&Fx. Iolla yéﬁ fibis Qe clearly illustrated.
par ag rap erein the conposition iIs
Substantlal hairperasitylif thé euracend eident f®n8 8w picture;
PCT/ EP2007/ 004791 8 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0009] Fig. 1 is a SEM (scanning electron m croscope)

[0010]/Plgs. GOX 2pld 28 | aret pledtbgiaphbetakemiiunalee ESEM (environmental scanning
bi of uncti opal collagen foil biomatriXx.

agen, . .
electron; IBicroscoRy e CeNHPNS, Wik Saaneaear nalial %ﬁnc; fighs n a slightly humid
atmosﬂ‘?é}epm[]% 0%]19{6 d Her r%‘t‘ﬁf%@&esée% fRYnaRBLsidd 8M biMunctional collagen

I cture; and 2B are photographs taken
foil blomaﬂ@r EsEaﬂaohaI\mmnmﬁttais e\ddentifragn thee phetographs;
m croscopy) conditions, which nmeans near natural
conditions in a slight I y hum d atnosphere,
[0011]iF||¢9JSIA ahdngp tdne plmn@graﬁbs ftalcen uaden ESENN donditeinddlludtrating the

o S S S S SR i S Bt
Fig BAF'%st%a@HQn%ré’éﬁl dtheé @gﬁﬁtﬂé‘% &\BH&TR frOMH e E@ENES,

conditions illustrating the |ower surface o
bi of uncti onal collagen foil biomatrix. Coll agen

[0012]%'5%”4 S 2 EM yPBﬁTJéééﬁql dsﬁ’rat.ﬁ Ghah éétlégs&ﬂgtqﬂrated biofunctional

St &si ace | evi fro
collagqm ﬁilILtmematr[)OOmB]lagergflblzﬂmarea:lﬁlyl ipinsttadgd aplrig. 4. Substantial non-

strating. the, s rfac hydr at ed bi of uncti onal
poros'#é'cﬂflﬁéﬁéwf?%‘?gﬁ %‘f'%‘?fﬁtffqrgl %:B'IC?Lgﬁen fibrils are clearly
|IIustrated in Fig. 4. Substantial non- porosity of

surface is evident fromthe picture
[0013] Flgs 5A 5B, and 5C are photographs taken under ESEM conditions (humid

atmosphere) illustrating the cross section of a biofunctional collagen foil biomatrix. The
material reveals a structure like a stack of sheets packed very tightly together.

Interstices between the collagen layers are shown in the picture;
[0014]Figs. 6A and 6B are SEM photographs illustrating the cross section of a dry
biofunctional collagen foil biomatrix. Multiple layers of collagen and interstices between

the collagen layers are illustrated in the pictures;

[0015]Fig. 7 is an illustration of one embodiment of the invention, in which the



[0013] Figs. 5A, 5B, and 5C are phot ographs taken
under ESEM conditions (hum d atnosphere) illustrating
wWoRhE/187838s section of a bi ofuncti onal col | ageRCT@PR007/004791

bi omatri x. The material reveals a structure like a

stack of sheets packed very tightly together.

Interstices between the collagen | ayers are shown in

the picture; [0014] Figs. 68 and 6B are SEM

phot ographs illustrating the cross section of a dry

bi of unctional collagen foil biomatrix. Miltiple |ayers
blofunalionabbbldnmm foildbiontadris is pexetatwseahe edyescoll basyegically produced

st 83 i b L RSB e R OHER, b rhons o
c:ontrolI tissiei refeh8itid® BULTHEIERHRTY BEHESER Y ThE raﬁng wound tissue

bi of uncti onal collagen foil biomatrix | aced over
to the tspinalddea srater andgpeiap! yepesdde chis ¢ mieﬁtm@ edges of the
r : t
blofunéé%n‘é??&?aeqelﬂni%llcﬂgcr)@ mﬁlférﬁ d&ﬁ‘%’g‘%ﬂ ?oo l‘aag%rg'l BxRF P Wwduhd surface of
the ventedganer ati on, thus preventing adheS| on of the
regenerating wound tissue to the spinal dura nater
and spinal nerves. In this enbodi ment, the edges of

[0016]th3 sbs Al Mkistrafieh sfohhstpen ehiiddirhbATTBE rthe iAventiAG Uneshich the
e |lateral exterior wound surface of the

th
b'ofun@&n@bﬁeléagqro@ﬂdromaglx B places unpeq arsuagically grodussdndsfect in the
verteb@T3 G'd@%ﬂ%ﬁth&%ré%ﬁ@g 19'?)r eMtoVBHeGBNE Ahesion of the regeneratmg

b|o unct agen |onatr|x I's placed unde
wounddissue do ¢l spinat dd:a:e@temrebspmaul nérees \Aerth@beraboehmertbnthe edges

o the A PLAAE RGBS o M, D, S0 o e

vertebirethedpinglwanal; nerves. In this enbodi nment, the edges
of the biofunctional collagen foil biomatrix are
secured to the interior surface of the vertebra, in

[001 7]?!;@6 @l@'d"@écti%ﬁﬁﬁwew[&QﬂgLofégbn 13il bforAa®iR dricdnatk Mb@t‘é’p@fatlvely

| agen fol | biomatri X one week postoperatively.
The strh@tusa rQicthﬂir sudace e son-patausi andofermsr euteraperanoraasrigr. Blood

ewthréﬁ)gggf gF 8?8 lraltgé A0 lc? 8dnot(pf({1r¥ett|hart$%¥ttoe% ﬁ\'hg %g?ﬁ%ogéﬁlqjagen foil

pene nto i -1 ayere
biomatrigj |  bi omatri x; [0018] Fig. 10 shows the col I agen
foil biomatrix one week after inplantation. The human
patient (age: 18, gender: female) was operated in the

[0018]FRY. &lovsHovi the cugeh foil Bienfdt@Bn@®ivek after implantation. The human
patient (age: 18, gender: female) was operated in the interval of 7 days in the frame of a
routine surgical treatment (epilepsy). The collagen foil biomatrix was implanted epidural
during the first surgery (prevention of CSF leaks). During the second surgery the
collagen foil biomatrix implant was removed routinely before the reopening of the dura.
After one week of epidural implantation the collagen foil biomatrix is still mechanically

stable and removable.;

[0019] Fig. 11 is a sectional view of the collagen foil biomatrix rim one week after
implantation. Fibroblasts have invaded the biomatrix to about 25 ym from the lower side

and are spreading in a directed longitudinal in-growth along the parallel multi-layered



routine surgical treatnment (epilepsy). The coll agen
foil biomatrix was inplanted epidural during the
WORDG763783ar gery (prevention of CSF | eaks). Dur PAE/EPR@7/004791

second surgery the collagen foil biomatrix inplant

was renmoved routinely before the reopening of the

dura. After one week of epidural inplantation the

col I agen foil bionatrix is1Xill nmechanically stable

and renovable.; [0019] Fig. 11 is a sectional view of

the col | agen f0|I biomatrix ri mone week after
structurespaamaaelgmwmg ntolha ol ageiv doil biardatdxt Hisedlednlpyt the multi-layer

el IREHooBTalh PR bR AP e OB e speeo

of the diiced ml-%rl?ﬁu}th of Feper &dlls\ WD 2P e thaltBlRaYered structure is about 10 to 15
PCT/ EP2007/ 004791 10 structures and are i i

times hlgléerctgq loagitudingl dirgctionaeemnpared ga5§vqgrrﬁglvmd#gct=orr]1t gFig. 10”).
{ |
i Wb BT s SRS R S0hate prgcos
speed of the directed in-gromh of repair cells al ong
I iy "
00201 G2y SHvs BREPBREEIFAEE BL AR R R TN T bt wit
magnifica@ion xewlth HE seiniog aé taiught id Exampleéd. ﬂ‘fmahultllayered collagen foil

biomaigfomaPREAEN PRI Siwe e B forR Gater FMeHBRSOrE wobnd area and
provid 24 %BR)%%E% h"\{ﬂtlléilérdsqﬁjdﬂjreawﬁ\@HVlszﬁ&ﬂ;ﬁﬂgu%hH Fluld-DWtd blood:;

bit with magnification x 20 wwth HE staining as
taught in Exanple I. The multil ayered col | agen foil

[0021]5@3’1?}4& i §0W§ 2 NS RP R Bt P Uy st oy MQ@ H&Ht%nﬁﬁtzeé HE

or sal moun area an rovi des oact
stainingUTlieé haytdayered m;otlagm fﬂﬂlmdyrnlammemﬂxmlmgjthedammectomy defect and

RN A e

staining. The nultil ayered collagen foil biomatri x is
closing the | am nectony defect and separating th

[0022] Ejg. ddrEasheywa eeNZY\brabbite ! H\@ﬁkmﬂﬁt@%ét"t’e NMegpifeatiogy x20, HE
stamm@ec'ﬁ'ie Fgur%BsIHo% thb%gact bé&vénstlﬂ@"iﬁulﬁlégéygcf ehRigen¥oil

Stoperati ve; catl on: x20 st al ni'ng.
bnomatﬂ'hanﬁltgerbenelm\m;e etige obthteaﬂnfeetr(eax bet ween t he

mul tilayered collagen foil biomatrix and the bone at

the edge of the defect (a); [0023] FIG 13 C shows a

[0023] FRB DT 3 Clshisvika PaISHiD P eaki postopdrgtiveg; iMagriifictition: R20; HE staining.
i nin The multil ayered collagen foil biomatrix is
The mulhlawneeog@qﬂasené@ﬂ thiemetiy in dBttaerpenier of the tppuinectomy defect. The

multlla?ésjljeggégmé 5(’? ?IOIFQE}T\%WIS gtiebrngél’ %Hrlé XeharatinG 98¢ dbRFaldpidural

ting the ventr epl dur al
space from the dorsal scar formation;

[0024] FIG. 13 D shows a NZW rabbit 1 week postoperative; Magnification: x 2,5; HE
staining. The multilayered coliagen foil biomatrix is closing the laminectomy defect and
separating the dura from the beginning cell rich dorsal scar formation. Cells have not
penetrated the surface of the collagen biomatrix. At the edge of the collagen biomatrix

beginning directed infiltration of repair cells into the multilayer structure(a);



space fromthe dorsal scar formation; [0024] FIG 13 D
shows a NZWrabbit 1 week postoperative;

woRrRBgriBf43gati on: x 2,5; HE staining. The nul t PCEEER@@A/004791
collagen foil biomatrix is closing the |am nectony
defect and separating the dura fromthe beginning
cell rich dorsal scar formation. Cells have not
penetrated the surface of tfye collagen biomatrix. At
t he edge of the collagen biomatrix beginning directed
infiltration of repair cells into the multilayer

[0025] src% YGtRIEROWS 2 NIDA2RDHBIt 13X 880 pBﬁBbEF&%YW@ﬁMtuorilx 2,5; HE

25] Fig. 13 E shows a NZW'r it 1 week
stamm@oét %35'@939 .spengw&laHMCé%W Was Ls@eﬂ g coppr thelamipgrgomy defect. No
clear nPH rﬁo?&?é's%é} ﬂ? Bﬁo 8|§’ra1 &Y/ &hd Eﬁ@dorsal wound
am nect o ect’. ear n porous separation

area. ﬂhaysponbetlmeakedwwﬂbml@nd'al space and the dorsal wound
area. The sponge is soaked with bl ood; [0026] Fig. 14
A shows a rabbit two weeks postoperative;

[0026] FRQNi4fA eRdive & rakbid tewo Wﬁksiio&tdpd’ﬂgtwe’fﬂ\ﬁagmﬂ datioay e Qe@ HE
collagen foil biomatrix is f i ntegrated. _Ti ss

staining e g mayaredicalademial ql?@@w Eifuls qargled- BissHeU PR cells
have |r‘?g?at%€ﬁésj H?l@ad@?ﬁt 5ibrmiatrixS SRR §taMale? @5 Sepdrafidtby MosB tissue

romthe scar formation and the renodel ed
with fateslIsfam tie span formati¢mend the-renodejed cgrm@ biomsEmx;t
two weeks postoperative; Magnification: x 4; HE
staining; the multilayered collagen foil biomatrix is
[0027]Fid. 11¢ B sBhews af rabhbit Tive wezksqoatoperatives Maignr@catlon x 4; HE
r e of

sta|n|n|51n tglf%%\z %E@%gqqﬁgcq[;g i %rmétf'l)r(gsg 1% éqtggragﬁ 'Igg%ée n%palr cells

have |ﬁfllt§§t€8 tl% thtfllé ercﬁltd&urﬁrdmhé B@IIé‘g“eﬁhrblbﬁfaW TovR eﬂﬂﬁ nﬁ@l@r is
r enodel ed &ke) bi omatri x; and, [0028] Fi

separasgtbig lcwsleathsue wifiofaheelksromdhe ﬁéahiqrm@tlowagﬁutgﬁa e%mpeﬁ'ed

ining; the multilayered collagen foil
collage)gmﬂl ﬂ;& ?a‘?%f ully integrated. Tissue repair cells

have infiltrated the nultilayer structure of the

e t The d t t ed
coonEl | HR A Wl e Vel e B BB 0 e
stalnln%thet Reultilg 6' &sllagen! forgeemairkn®@t fulli . infeglAbd EDissue repalr cells
CRI PTI OF THE I NVENTI ON [ 0029] One aspect of th

e
have infilisaiedt therpelitayen strachire of de &qu{balor'aﬁt”}sr(él/eﬂt% flgra mater is
separa‘?&ftby loose tissue with fat cells from the scar formation and the remodeled

collagen biomatrix.
DETAILED DESCRIPTION OF THE INVENTION

[0029] One aspect of the present invention relates to a method for preventing post-
surgical or post-traumatic peridural or perineural adhesion and fibrosis formation on the
surface of spinal column tissue, including tissues selected from the group consisting of
spinal canal tissues, dura mater, and spinal nerves in a mammal, comprising the step of
covering the tissue and separating the tissue from other surrounding tissues with a

microscopically multilayered collagen foil biomatrix.



surgical or post-traumatic peridural or perineural
adhesion and fibrosis formation on the surface of
wOo2mi711ar83g ol urm tissue, including tissues sel eBCEMPRI0BAV4791

the group consisting of spinal canal tissues, dura
mater, and spinal nerves in a mammal, conprising the
step of covering the tissue and separating the tissue
fromother surrounding tissiges with a mcroscopically
mul til ayered collagen foil biomatrix. WO 2007/137839

PCT/ EP2007/ 004791 12 [0030] The nultilayered col |l agen
foil biomatrix according to the present invention is a

o301 e ARG cices 1o BB s RS B en mvertion s @
collage‘%u§ Aatpad apbdsafidkedn eRiciREepicallpirhultiRiyBrdd eflodbtrix consisting of
ol lagen fibrils in a non- naturally occurring

multlplml@ms rafa sebgjantially r@i@s-eprqs@dfqlrpqnw@'lﬁ% efr @Faltageﬁafibﬂls in a non-
natural\i}ﬁbggﬁmﬁapélbﬁ‘\%}li)ﬁrb Qo or%f?@%égm H%em@ér?l‘é{ﬂﬁéﬁrﬁat@fﬂ application

her ew by reference in it
WO 04;’!1081&,ytheTUEsctonsbl'ea@énNrﬁlohIisUmdwabcmcdnmgated b)heeference in its
ent_invenfion

et FRE SABES HAE B85 Yo sl 35hinBn s biouncona,

bloactnf/é Uhdchartibilly SBBRS icstix, hbﬁ%r@ﬁjanéeﬂwdtt@iﬁtespemally blood and
orary barrier agai nst uncontrolled distributio

;
cell tlgm tﬁiﬂ?oﬂﬁ%Pﬁﬂt?gé\@a'fﬁéé'f‘é@”téo"ﬂﬁiéi'éﬁﬂpﬂt'o%ﬁﬁb@&ﬁaﬂ"é’dﬂoge% necrotic
matern%l'eﬁ%ﬁﬁmaﬁegq{s ned /Q!d%ﬂﬁ&b REWE R %) g{lllo'n%é Er BEIWERSNthe spinal

unn tlssues us I ni |elds t he
columrs pssuﬁs thalsuimitially sshisdd s ioe wrnablmwmg tlssssm surpending tissues,

one orﬁqﬂtﬂf ofw\é\c'{}b@ag g%r@ﬁ%grog %H%&g%??ﬁy\gggt Hgmﬁgyep&ecollagen

foil biohRiA% bty as aeedstaticl agemt dnd snhibico oheaitatiedf filrin bands formation
bands formation and distribution as

and digfghutiemgs, Wahiashefpatogias. Jrhieth areqne é\FhLee%Sa'irblcauses for fibrosis
and a% (ﬂ\sfo?m BA, RARR %tbﬁﬂcéloérgﬁg'vﬂ'ﬂch idte A0t Healde2bEdfose to the

are located beside or close to the dura mater
dura matersqrigpimalmervess. [ 0031] I n one exanple of the present
i nvention the cells whose adhesion to the spinal
nerves and/or the dura mater is prevented by the
[0031]atded erarapledbithet presbat imventiot the pelentvhose adhesion to the spinal

nervesyhhy B i OB HSSRLIERES e bbnol SolBIE (e present
lnventlgﬁgﬁe seldcted BBRZLoIMERLISE QRsQE ey ETHA hapmdaP ARG 5 BAY mammal,
he tissue with a nultilayered biofunctional collagen

such asdnumamsmucqe|rﬁtm§t%éogar¢tped out during the treatment
of any injuries or defects

[0032] The step of covering and separating the tissue with a multilayered biofunctional
collagen foil biomatrix may be carried out during the treatment of any injuries or defects
of the spinal dura mater or the spinal column. In one example of the present invention,
the step of covering and separating the tissue with a multilayered collagen foil biomatrix
may be carried out during spinal surgery. In another example, the multilayered collagen
foil biomatrix attracts cells such as repair cells and regeneration cells and directs their in-
growth through and on the foil biomatrix. The multilayered collagen foil biomatrix is

reabsorbed and remodeled to natural tissue by the in-growth of cells. The collagen foil



of the spinal dura mater or the spinal colum. In one
exanpl e of the present invention, the step of
WOeo7aB87439 and separating the tissue with a nuPCTIERYW@7E04791

collagen foil biomatrix nay be carried out during
spi nal surgery. In another exanple, the nultil ayered
collagen foil biomatrix attracts cells such as repair
cells and regeneration cellfzand directs their in-
growt h through and on the foil biomatrix. The
mul til ayered collagen foil biomatrix is reabsorbed

biomatARGctLavaehiedctive aad bicflindtionauecaffold ier cellutpramtgnowth in vivo and

. cells. The cqllagen foi|l WO 2007/.137839
s replagef) Br-mAmMaban EsUs sUBNg FROPNSaleh @nssrestasplioR The collagen foil

blomatﬁﬂqs be&drasic Q\F‘fl‘llle %%fr%ll G fvﬂ{lcr? &l isUhPiartBd ITRM probBrty may be

vo and |srep aced yrmrmalantlssue durln
enhanwg@wetrwt ibinfuaetionaditt of atheolmatlvmérqs@kllrdsgdncwtﬂgen fibers and the

multula%r%ﬁgsﬁ{dgg{re.sloﬁirt@é gélgagcgerntefyﬁﬁéérﬂgtg@gyghodvn cf{VE f‘i{?ﬁé 5 ' 8.

bi of unctionality of the native cross-1linked coll agen
bers and mul ti ered structure. of the caql.l agen .
[0033]f § PINCSSE ,] d 1o pg Qhﬁ ?Iagpggmgglor%atn[(d@gg]m%ﬁg invention
forms Qfa‘éRS@f'rayHré'dfzc%ﬁlab@n APIL) etiveen Ceddha@§Br bR linterstices into which
biomatrix used inthe invention forns stacked |ayers
cells ap¢l veskulasa afitbeipatienBeangvigratecand g:ym ngwecollagen “structures and
ol 0 [ J f
natie GO EEREHSELE U S pRLAPDEME g gl adding to e
presendnidvemtadn Veatc thef diofahctiond | regive. cd>ltag'e$| ﬁbbmsnehdctrml NON-porous,
resen

ayeredy FBtEn Al (GR0oBP 01 (Hlc BIURATn BT Begb T gBrorowth of cels

vasculéﬂub@fénén@\et RenaionPer Mléw collays %ﬂru&tdrd@%tfr@s@ﬂhéh@ollagen foil
col l'a en foil biomatrix pronotes the in- girovvt of

biomatgix| ang in thes tieratice thatrexisthetivendts Brvltbile dayere of\smpared to
randorﬁ%&éﬁ’éﬁ ?Ier é}oeh%@rﬁ?%@aecéﬁmér SR ét thQ v&ﬂfﬁd br"d&@gt ithe directed

I ces exl st bé&tween
in- grthaymds regenecatigaliredhe cunethadsimhthengmrmm prevents the formation of
roll ed ce waun

adhesifiy o0 MRS ARALIS e GeBatAl R 1o ol gpinal column

anatorhiggl redtueass. ofhds)epainveinid @onipliestsrss dsseclatedranitonpefidural or

adhesi ons and fibrosis, mintaining the separation of
pe“”ek”ﬁ‘éa?h%%Q’é%aP%f'PFPeS'%BTen%YO'@‘%ﬁ -umm  anat oni cal

structure. Thus, pain and conplications associ ated

w th peridural or ﬁeri neural adhesions and fibrosis )
[0034]aWbea;s;4was@d'.coyeJtm]t Fhitsspler with a covlitaveged reolleger il biomatrix”

meanstt Befe Bl G PR Buf b R s R coteger
foil blo\Mettll’b( dn nktdxatyse of tieopledgatinvention, the contacting of the tissue with a
multilayered collagen foil biomatrix results in an implantation of said foil. Examples of the

positioning of the multilayered collagen foil biomatrix are illustrated in Figures 7 — 8.

[0035] The phrase "multilayered collagen foil biomatrix" or "collagen biomatrix" or
“collagen foil” as used herein means a biomatrix (i.e. a matrix of biocompatible and
biofunctional material) of native collagen fibrils treated to remove non-coliagenous

components and to form a sheet of collagen fibrils with a multilayered laminar structure



foil biomatrix. In one exanple of the present
i nvention, the contacting of the tissue with a
wonmdrger ed col |l agen foil biomatrix resul t sPCHERR07/004791
i mpl antation of said foil. Exanples of the
positioning of the nultilayered coll agen foil
biomatrix are illustrated in Figures 7 - 8. [0035] The
phrase "multilayered collaggn foil biomatrix" or
"col l agen biomatrix" or "collagen foil" as used
herein neans a biomatrix (i.e. a matrix of
on a mieresvopfrlevel. & henehultihyeed collagel faifeheay ibel froraf amasowee, such as

collagen fibrils treated to renove col | agenous
bovine,cHH8n RSN EnGIVEr Gl UMER Sl FeRlPY ofefPPY ifg-collagenous

i red r thé3 h |
compoff SoFNS\ LETSCSHEU AT cHagls IFIIOBOTHAS A s

characteristi¢s. diher eallagen! fa dirmatrix ofehe wewﬁnnwlogb@r%@stantla"y non-
, h
porous o3 e BFrtile B seBAG A RRR BEREBIKIT. L omponent s

and to forma sheet of collagen flbrlls wWith the sane

physi.c racgterjstics. ,The colla en foil .bi ri .
(00361 §YRE B diRrCToRan b Pd BT dht 1 (STl o gifinctiona
mulmay%?eai%.ﬁb.m fheansRanheobei Eosidts of AaR@PYollagen fibrils that

36] The term "bi ofunctional”™ as used herein in

t he
are recogNatanst uHliZoPY. 8 FENEDT aMmANMeh{AdAanGeT Similar 0 fhe native
collagen fﬁ'f'?st l %F'%w?rﬂ?l tﬁ?ﬁ%{éh@l@'ﬂf%ﬁﬁ ithita Bﬁ" ch fihcfi dél"tf)\%y include

agen ré recogni ze utilrze
migratltbdnef oezidnsanmcl r@germrnammi celhs alongrhh@bltﬁumntloamal tollages fibrils and the
native coI | a

mult-ayEiegh iR A0Polle SRBRSERCH BRE RRGATIIGIarGHRMx By the cells

mcludlr’fﬁ @ a&p1aBingf tl'feedléfdncﬁékﬁ’alfcﬁﬂ@?’@‘l fibrilen cel s al ong the
b1 of uncti onal collagen fibri and the nulti-Ilayered

st r ucture, and the deposition of new extracellular

[ th | ggi t
[0037] é%{é}éonaﬁoﬁﬁ}a*tﬁal rlﬁc%ﬁﬂbg bl?rhgggdg j%ﬁeﬂg%cri a@greln means a

manufaqunmdnaatmabt ;rammkmgnmumnatme caﬁagma filsrformed from (i) a

maten%%x,%ggdralnlag Ctﬁué? u,'ag%%t'eﬁ%@ tr]a% oﬁ?ﬁ?é#trgg 6rsbt%gessed ina

mannefii Whidhgthbrbdlllégéh dibkils @ontambdrlﬁlthémtaﬂrralah\)atéri‘aimahasbeen moved

been treated or processed jn a nmanner nhﬁgb 2{ truct
or repasgianggeroT BV INaNGHIY-SeREENG AT AN A M Relg qolpgen structure
of the mﬁr%l P&ﬁ&éﬁ%?ﬁ i) PhatERIPbE bABESY [ RAUFDIAIL. a non-natural, artificial

natural l'y-occurring arrangenment Wi thin the coll agen
materiadt isuch uas a gecernbinaat unalerighit keatad; obProcessed imtreanipulate the

arrang%ﬁ%gf{ﬁl‘ ?ﬁé%l %’i‘%é’v'!sec%dr{bg’ﬁa'ﬁ?'g%%t Q?ﬁaa)ﬁjrall r%égghgilgablomatnx
may bledDm@ﬂS’ﬂﬁntSOartTﬁ@Inﬁmbaalecdﬂmlsmg collagen that has been mechanically or
chemically processed (e.g. grounded, chopped, etc.). A collagen biomatrix that is formed
from the treatment or processing of starting material in a manner that preserves the
structure of the naturally occurring collagen framework is not a non-naturally occurring
biomatrix (e.g. epidermal tissue treated to remove cellular components while preserving

the naturally occurring collagen structure).

[0038] In one embodiment of the present invention, the collagen foil biomatrix is



arrangenment of the collagen fibrils. For exanple, a
non-natural ly occurring biomatrix my be formed from
WO20e/13783 nat eri al conprising col l agen that h&ETHER297/004791

mechani cally or chemically processed (e.g. grounded,

chopped, etc.). A collagen biomatrix that is forned

fromthe treatnent or processing of starting materi al

in a manner that preserves fshe structure of the

natural ly occurring collagen framework is not a

non-naturally occurring biomatrix (e.g. epidermal
compribé® o @ohhéthedtidsuer gristains cehsistiag of @Utb@gemf ibrilehFbe example, the

preservin t he naturall ccurring,.col)

collagesy failcbigmatrix g de compriged i o g&W%f“S?ﬁ% %PE%%FO“S'S““Q of
I t

Tove | NS0 REnSTRS o) A st eBeltby. the colagen fol

biomatdr nearc furiteert ccsrs\pesg;rart exaipiandngi prasefvaiivec Igé@&'i' factor, or an

b
adltvi it i B BRI g ey B BB A P T L 16

of Typedl ;:ol lagen fibrils. In addltl on to being
1003915 ol overo . RolGRT Eoilpy 1S el ERp-pdtobs. The phrase
substé?‘ft%ﬁ?rr}b%t-bd(r%us gr&%hhér@ﬁ{ flean8rthah anfQdrés \eatt &rdt present in a
inthe flexibilit elasticity of the final
collagepr foilubipmatidoas]a Fesiit Déy@lmﬁtléﬁquﬁ%‘ﬁgﬁﬂ Hiriisstq form a collagen
sub r QUS n
sheet ﬂroe Bb%{é& flsogaggé’ggogﬂ hog]:éearﬁgéﬁgg Wﬁ?ﬁ)%res %\'@%g)?e@tb?%dé%ected in a
manneartaatptresalsteslthe athloknétsa@émhé auolla@erommt rMmMuwlrmrations that
reci pitation s to

create BoldGaE <lagh b RTHAR 'S oL BPiRed  CrBrEple of the present

mventu@ﬂ%@%atéﬁ'&ﬁ aPpESSs & Qenﬁlbsltéﬁtiélwqfdée@f @dréd) tieat wamdetse visible
hat traverses the thickness of the col] agen faqil

using mecsnanmom elesipBr BHCTOREORM AL 150®atBagpifigation, Sganning electron
mlcrosgﬁﬂ)% %gcettr}refssglﬁ?tﬁtg RS Tok- CﬁJrSHQ‘ﬁtatLﬁercﬁst 'd?)llgggn %ﬁﬂ@nﬁ‘atnx as in

rnventl erraerla appears to be
Figuresubst.antially free of pores that would be visible
usi ng a scanning el ectron mcroscope at 1500x
magni fication. Scanning el ectron mcroscope pictures

[0040]i 1h|dh&t éRbediitt P fhd Bretient nﬂ/bblﬂ@w ctﬁetda;aagexh faigisionfatiix utilized in
biomatrix as in Figures 1 - 4. | 040% In o

the prgﬁ%dl%ﬂt‘o%flst%@%\"&%téfﬁ"yl ﬂ%mm%r{“u Heveigel sgflagenomembrane
consnsﬁhg :%)}e?fslbtf It Bus '?nulh%‘?re@ﬁ&%ﬁ%tehﬂﬂr%ﬁ tBiladeh fibrils. Thus, the

urally occurring multi-layered collagen
collagereﬁbmlarmre arearggest inng rmﬂltch(y;-gh@ajffaﬁumn@@splane and these planes

form SHU %ts w(?lllcrhegrtela n%I miu ti- Igyér\@”d s%hc?lﬂ'l | ﬂ\genuétl'zﬂf Ic?’f aEW%ollagen foil
biomatrix may be seen in a photomicrograph (SEM), which illustrates the surface of the
collagen foil biomatrix in which collagen fibrils are embedded (Figure 1). The collagen
fibrils are visible on the surface on photographs of the upper surface of the collagen foil
biomatrix under ESEM (Environmental Scanning Electron Microscopy) conditions, in
which a slightly humid atmosphere provides near natural conditions. The surface
appears smooth and substantially non-porous (Figure 2). Photographs (ESEM) of the
lower surface of collagen foil biomatrix illustrate the substantial non-porosity of the

collagen foil biomatrix in Figure 3.



collagen fibrils are arranged in a nmulti-directiona

fashion in a plane, and these planes form sheets,
wowhi7cla783peat e a nmulti -l ayered structure. An PCT/EP2007/004791

illustration of a dry collagen foil biomatrix may be

seen in a photom crograph (SEM, which illustrates the

surface of the collagen foil biomatrix in which

collagen fibrils are enbeddgd (Figure 1). The coll agen

fibrils are visible on the surface on phot ographs of

t he upper surface of the collagen foil biomatrix

under ESEM (Environnental Scanning El ectron

[0041]5‘%@&@ rlﬁﬁ%gaéﬁ%%gphﬁ%ﬁﬁ?é rsdar{gllplfcﬂht l lop%gi(jprlections in the

multlplé ll’é)fe?§ﬁs pARBARIrespomAbIE fand nau#Mgmheed |e)(/eﬁQJhd@9h¢§J$hydrostatlc
2). Photographs (ESE the |ower surface

pressucﬁ, aﬂgﬂ wrag@ﬁsmeat giresiath mith hig @é@&t@t% Pue ta tiws numereys parallel-

oo GERSB T e 20k BSOA, PRIE fi Aefle st

for tempoi'anlye re‘ma’a@ng ame bnd;dé awretisld iagdosing laed$eip|arating the defect after
| Tens ers is

covenrlgr glﬁcgrprcp\g; ﬂ& %nql qglglapr' ¢ heaafql b I(ﬁs-ée |3 %91 for forming a

new tissDEEThE hﬁJT'tlrhé! Hyesistutture BF &Ees;bﬂe%enﬁlﬁdelﬁ’ﬁcﬂvemc@fsetﬁé liquid-tight
strength with hi gh el asticity. Due to the nunerous

characwvsgppéthe epllagan dell Pigmatdyl | agen fibril layers of the
collagen foil biomatrix, this material is suitable
for tenporarily replacing the body's own tissue in

[0042] cWobde ntgeamjlagepaﬁodt biogattice islsiubstantibliye monemreus,n 'gwtemlces exist

betwe ,[%wldesr afbI PInaJThbI 3 tr| i 9rl dl f 2l OlLJS to a stack
"h&ré%‘iﬁ‘%oﬁ"?%"r 'R>a v PIR8TRUISHE

of pagbamheletrr watHrsagy id tsab@traaﬁelm smwermtarmw nenlponees Wik a space
quid-tight characteristic of the collagen foil

betwee,ﬂ Sﬁﬁfﬁ Mage. Mbapn Wei fy the the indefsHcediare pneigaPfqneunged. The
lnterstléﬁ?%'eeaﬁ'fea}édﬁcger\lvﬁé’r'i QHe dllQ{;@ﬁ %l‘l Qﬁ&nﬁ?ﬂxsfs o@@ér\’)@@rhnder near

'ayers of coll agen he col |l agen foil
naturalmmmutqnsmmasshghawgmmg ettmoapber@c r{hedfedpetgntsOMerletaﬁstlces of the

collagegafg)ﬂ c@‘ﬂgglé(tlaég%ﬁéger&]mgg télrec‘%%ljals%%g{;{@%r Bioécﬂllé%e{m%ﬁ IBlomatrlx

in a humtjedtﬁidspﬁéreifneFi@)r@ 5pnmradumoado dfbmotlngtaenqmdd@ht property, the
cone reduced when t |§€{ F%gen foil ormtr

numergis GRvRlPRABIehdgP oA branars offs the Gollggpgnigil biomatrix
SImuIté?\%BhglyaééWé RRes %loiﬁ.ﬁk/dl@ﬁuﬁbflm&n@ﬁalt St@ffort Birsédicmsgrelvth for de

Ccol | age [ omatrix is illustrated in
novo cgwmqt@a qﬁghe:b@@sse@mﬁlwg of collagen foil biomatrix
in a hum d atnosphere in Figure 5. In addition to
pronoting a liquid-tight property, the
[0043] The change in volume of the collagen foil biomatrix used according to the present

invention is small or negligible when hydrated. In contrast to porous replacement
products, the collagen foil biomatrix substantially retains its size and shape upon being
hydrated, having excellent shape stability even after hydration, and causing no problems
of swelling or shrinking following the contact with the tissue. Once hydrated and
implanted, collagen foil biomatrix does not significantly expand or contract in area or
thickness to the extent that it would tear surgical sutures or break apart fibrin or other

biocompatible glue seals that hold the collagen foil biomatrix to the patient's tissue.



numerous parallel-oriented thin collagen fibril |ayers

of the collagen foil biomatrix sinultaneously serve
woago7a3m3dequi val ent bi of uncti onal scaffold foPCEAPRO07/004791

in-growmh for de novo construction of the body's own

ti ssue. [0043] The change in volune of the coll agen

foil biomatrix used according to the present

invention is small or neglit bl e when hydrated. In

contrast to porous replacenent products, the coll agen

foil biomatrix substantially retains its size and

shape upon being hydrated, having excellent shape

o041 3L, B e G L 8 P of the aes o
the drycédlizaeh foil blbrbdteixtrhap Vary foecattd(dr-s¥ewd avsut 207 vatndére dompletely
collagen foil biomatrix does not signifi cantl{sﬁlt expand

hydratesh. EoARPHEr SXAMRIER e arediQIkEsETH AONFReTRAAIRIOPAEK may vary
betweént aM@#er %% $FabsUf %%b héHtc‘é'i’r?p?et‘é[y H\?Cﬁ‘gt ‘ﬂg'ﬁlé’t {l{[lfgké?'éiample, the

bi oconpat i |'ue 'sea
area oﬁd)lhda aiywcomagen tfond)rtmmabuxt vz:artesebpmeeenabsutt s uUe. alygut 5% when

compleé%&?ﬂlﬁl éatg FEE@%{:\E@%@%t ?9 %’%%% gpl]e? d é‘]ﬁ fl?qabgorgfatnx increases

no morgkh iabgups pbl‘tﬁarﬂmnctfom;blbl%lydhydr@@d.agen foil
bi omatrix may vary from about -5%to about 20% when

conpletely hydrated. In another exanple, the area of

t r f i X
ooasiyfor¥ oA PRI Ol PO AAR rirases

to abo@iuBttinees ésalrplthickneérs wheedt isf carhpletely fwdrata@eh\ agether example,

e coB PO ok o BB Do lhea S e N8 Ml nen 1 1

complatelyl ragieatetioir abbm@atelsdample]dhea:s&sgemfomnbmatmamcm@@&ﬁs to about
. .4 percent when c | ete at e [0045] In one
twice '%%EWHI“%kQﬁsstVW%e’b ewp'eﬁ%ﬁe/ egt he col | agen foil
bi omatrix increases up to about 6 tinmes its dry
t hi ckness when it is conp Ietel% e/drat ed. I n anot her
[0046] hheenthiickness 96 the|colagan fali biomadimtariusei indhe sesentgnyention may

t
vory M S ol g P To 1 g PLSHA et
utilizedoioopretiuce ai petiedaesizé of abthagen foili bemitrix canycaeritial kine $ickness of
en Lt s C | etely hydrate 0046] .The thick
the colgSam o BRrIER PopNoPaRaE (Sl hBrPIgeent VERLOGs Deergiagen foi
blomat'rlQ\(f%@H'éU&oF@b{%/td e/ prssehe fivieh86n bihén Paité ldﬁydfo?fn has a thickness
appl i cation t he anmount of starting materi

betweert aboutdb0t mmptea @@? 3.0gamm: i anaihes pxampte, ¢ P%?eg@nffemblomatﬂx
has a thiOKTEds! BethRRnCR5BUt V.05 Nind Bl SKBESS.00%hm. In a further example, the

collagen foil biomatrix has a thickness between about 0.03 mm to about 1.5 mm. In
another example, the collagen foil biomatrix has a thickness between about 0.05 mm to
about 1 mm. In still another example, the collagen foil biomatrix has a thickness of about

1.0 mm or less.

[0047] The dry weight of the collagen foil biomatrix is dependent on its desired
thickness. In one example, the dry weight of the collagen foil biomatrix is between about

1 mg/cm? to about 50 mg/cm?®. In another example, the dry weight of the collagen foil



the collagen foil biomatrix. In one exanple of the
present invention, the collagen foil biomatrix used
WwOozewasti3ng to the present invention, when in PCI/ERRGHT004791

form has a thickness between about 0.01 mmto about

3.0 mm |In another exanple, the collagen foi

bi omatri x has a thickness between about 0.02 mmto

about 2.0 mm In a further ¥anple, the collagen foi

bi omatri x has a thickness between about 0.03 mmto

about 1.5 mm In another exanple, the_collagen foi

biomathik tsvhetweenhalod 1t himg(oms ¢o Iaboure@hn@s@nf l0.stifl amothes example, the

oy weBF i, il L SRR oo By Aoy LA 20 mojems

In a fultR&S exdrfpPrE/ Ithd kiey Wngmquhé c@ilag@ef@pbimnxf@bétween about 2.5
iomatrix i s depen ent on its desired thlc nes

mg/cmo,tpsagqlétnﬁ B9/eMe FRryeXpEIRIBL therdry Neeight of é@@ﬁoﬁ@gqn foﬂ)lomatnx is

%g@;r ol SnPRE IERR 185A 21 ng/cn2 to about 50
betwe%g crnZt.3I I ﬁyanot her exan‘p?kmthe dry wei ght of the

col lagen foil WO 2007/137839 PCT/ EP2007/004791 18

oose YRS B AR AR W TV B By L gl o somar
mcreastd;*,eu%@d) |a®ggﬂ 15;lirirwrté§)iite:myrvi/?glhtfwbmt W?élratilabolrt ra]ﬁotohl‘igy’r @x@mple, the
t o about cne. a further a .. the dr ,
weight gt colpdem &lLbiPTiagh MER#Sas Wik ADRUT 40 fiEaRibh dBpyiaht upon
hydrat|8n5lgn ?Héﬂ"@? e&Qm%hao%e L@elgﬁd Gf”#\e fd?l%g@?ﬂfiﬂ'mbﬂ)méthﬁ iféntases up to

of the collagen fOil biomatrix is between
about Alicnes s wgy svedghtoipgsobydratiomgincstill. an@baspxampiendhe weight of the

collage‘?\xt% I|oem inx |F&e8585°‘ tto 'aBXS{]é hﬂ{és Jﬂb‘ﬁ Wrgﬁ%nuﬁgqltsi@dry state.

coll'agen I'NCT eases
times its dry wei ght upon hydr ati on. In anot her

ooss T BB AR S SRR T Pl T eneriny
has h@i’fﬂr%ﬁlé%‘?renb% a«m&m% RYRERIR sipiRrieetheMareiing e the collagen foil
[ agen forl bi OMRLITX | NCT 6ases up to abouf 7 tines

blomatrnxse ar yupisiggite w@ﬁalhyapmt@n ang QIPV'IdPSa%_t'ﬁ‘éﬁeased mechanical
stabllltfxgggla?t’erﬁtgq OUOngchﬁonaﬂQl ihe é;ofhle thlc@ﬁ@éé b?(the collagen

ases u t1 nmes” upon tion fromit
foil biodrayrixs tat agmf[c@ﬁtl;@]ncﬁ'dsaasecthbltagste sf.tl:&rigtlhn omatri x used
according to the present invention beneficially has
high tensile strength, which inproves and supports the

[0050]hl&réjbidb@n§ft)( oheoldaddnafad bib®iatrix MiaCered ito Xes. lg\deilusbdeﬂ@d pressure
its surgica B‘I i cation and provi des an increase

may baeBRasITedl as 465 itimatp, teasie load"t @iy "q"ﬂ@at%ﬁ%ﬂ?afpr%" hereinafter
referre@9% GsONMit%te tEViBARITBY" Ihte WUKiRkRERE 16 B! hagigen foil

biomatrix may be determined by subjecting pressure to a strip of collagen foil biomatrix
having a specified width and determining the amount of pressure applied that results in
failure (e.g., tearing or rupturing) of the collagen foil biomatrix. Ultimate tensile force may
be quantified using the following equation: "Ultimate Tensile Force" = force applied/width

of collagen foil biomatrix strip = Newtons/cm-strip.

[0051] In one example of the present invention, the collagen foil biomatrix has an

ultimate tensile force between about 1 and about 30 Newtons/cm-strip, for example



foil biomatrix can significantly increase the tensile
strength. [0050] The propensity of collagen foil
woRbomarashx material to tear under exerted preBSUER200M0Y4791
be neasured as its "ultinmate tensile | oad" or
"ultimate tensile force,"” hereinafter referred to as
"ultimate tensile force." The ultinmate tensile force
of a collagen foil biomtrix may be determ ned by
subj ecting pressure to a strip of collagen foil
bi omatri x having a specified wdth and determ ni ng
betwedmabammulfbtamd apbaBSGrMewtmIsiomLstrrmtfor exaimpke batween about 2 and

about |G eWiosiEinsie. & Pl behBenanal sind o NEEhs/cm-srp

quantified usmgthefollovvlng equation: "Utimte

Tensile Force" = force applied/width of collagen foi]
[0052]B4V6H%1tﬂﬂ¢ collager fail Riematix usad saqcppding dodhe nrﬁseeménventlon has a

igh oBSAT gl 1EniRS B BT o5, GRYBRRETHE dotre pormis
the coflagemd fabbismABfx Nevapdinsdllynadapti to, thfeoanmmanploe)n\tmons (e g curves)
i Bt?/ 137 39t PCT/ EP2007/ 004791 19 between about 1.5
presenf ALtNG MG ewt ons/ cm strip, for exanpl e between
about 2 and about 10 Newtons/cmstrip, for exanple
tween about 3 and about 6 Newtons/cmstrip

00
[0053]VWheé‘ tmésclydratpen stage.| the 69’&\@%%@59&"‘8@5&%%&3 gallly moved
around Q?ﬁﬁﬁ RREUurdinyeSid Qﬁfjrkgﬁgﬁallyhl'ngeet?%n%é g%bf&f‘ﬂ; bhe shape and

ns elas I c and | e 'when drate
posmoh editte e efent mi.q. swh@@et (sobelag gémpfaritéd. b@omtmpbanteﬁ the collagen foil

blomatg rq;gﬁ)reﬁﬁ?da %%E?gmgﬁo%%%é folg%(sge\ﬁ/é O\{er time, cells

and vadculded &hﬁlgﬁbtét(ﬁf@ted harol@hbagenefmultupm mamtrs iof then nindtilayered
easi |y noved around e. site

collagngflqnlpéqm?tr%ggg@tga% bepégqgé gbet ?}eyltﬁ §§ é:ﬁga%quoﬁrl)lomatnx with a
new tls&‘?,l%' 'As A@fné?rgﬁtedﬁoe%s&ﬂ&uré"mﬁ% Mthlhsthg%)f‘é}s of the collagen foil

[ant e l anted, the collagen f
blomathxot’tm ti$suegtakes qnet’m fesmsobihencellagendyil tikomaisissinta giteeted way.

After Cﬁ,{l %Sag\?z{ lgp%é?ﬁ%%ér%qq gﬁit%lilt omg{r‘g( gf&bq @é\}gl efor ﬁonnectlve

tissue, mnihbsioayferradnorctd thegspindl @iura b epiatar meﬂ'veehseuesjasl rin;mmnzed
replacing the nultilayered collagen foil biomatrix
with a newtissue. As cells mgrate and vascul ature

[0054]f(96ITBi3éN td use e rlamdciuiig the cePaderoedll biematrix may be obtained
biomAtrix, the tissue takes on the form of the

from apylguilgble eircebiFomexample nwishelity lspitatipnapllaged gy be of bovine,
ovine, ‘%?%r\% aerqu?ﬁegaorr"l-ﬁ.@ﬁénrggn@ﬁ The cﬁ%éégﬁ{éyf&l haReSfERLfFdm a naturally

ewly ohnect
occurring tissue, such as tendon, corium, or other collagen rich tissue or may be

produced by recombinant genetic means. As described below, one exemplary

embodiment of the invention utilizes equine collagen derived from Achilles tendon.

[0055] During the manufacturing process, e.g. as described in WO 04/108179, the
collagen fibrils become naturally cross-linked as the fibrils precipitate out of solution to
form a collagen foil. Unlike cross-linking the collagen fibrils with chemicals or radiation

(e.g. ionizing or ultraviolet radiation), allowing natural cross-linking of the collagen fibrils



ti ssue, adhesion formation to the spinal dura or
spinal nerve tissues is mnimzed. [0054] Collagen for
wousw/B3783pranuf act uri ng the col l agen foil bi onaPCITEPREF/004791
be obtained from any suitable source. For exanple,
wi thout Iimtation, collagen may be of bovine, ovine,
porci ne, equine, or human origin. The collagen may be
harvested froma naturally 2®ccurring ti ssue, such as
tendon, corium or other collagen rich tissue or may
be produced by reconbi nant genetic neans. As
ensurededbeir bbibfredtmnalityne peoreotes aagcelendtedi megeneratiome and reduced

resorpti'&rl}}.lﬁe Heléonr{cg]@g oqléggﬁg?ﬁ]&ﬂm%tb%%g)rder | Vritgt {érff% with the tissue.

Cross- mlilﬂﬁgfséolla?eﬁ fibFIsd&atr idhechitcdls V& GAdibB8A78ant Fesult in increased
collagen fibrils becone naturally cross-linked as th

€
resorpiambimes, pPe@VENt BPRTRRATPHAN.s BNEARTMALAR, #ngt Rcgr formation.  The
naturalcerlol\sélglﬁﬂmt\;o# the i UﬁBr‘llL‘% Qﬁé’%%n cﬁéﬂ‘l‘cﬂgb tﬁ?'dtnﬂﬂé‘cﬂm the invention

em cals or ation .g. 1onizing or
occursubyr aatwaletph)@mlaglcalﬁ)Ke ame:am nigrimarilyr athISCnetwall icradselipking is

ovouoBlg LB ALl LT R sl e ngactons) o
by the ﬁbl@ﬁﬂicﬁﬁoﬁﬁ&&illwcﬁiwd:ldm@@mffﬁlbaw boadsl betdemethe amino acid side
ption tinmes once the coll agen foil

chains g dlgivollpes eReUE: MiPTIPIBRaY 8l king: 65 fabiﬁ)ﬁiiiﬁzesponsib'e

for physRid éﬁerbhfe'n*ﬁ&éllﬁaBﬂlfyhTﬁEq(@y%%é iPthe fffivaltibR™df &8Magen cross-links
result in increased’ resorption tines, or even

dependgman tke engymnetic cenvergion @ftlvsme oahudmh/Sfr@r iegtdues.anphgives rise

to aldeﬂgagé,blllg%agsaﬁwd h{/m??gae%gllnteh?ngé@ 'éHe rgtrgl?p§gﬂ)$rﬂgﬁé‘ously react

Y% U Avent’
with resdtiveabmipdygioapegresaltinigi ke th’eafmmaﬁon mef i$ghiff-base components

.nat ur al ross-linking is thro h, non- coval ent .
containing bl FIEpEOpaerEatiot pragyctoudindanfe gidTping. iksdlige for example -
CH=NJ) nTﬁu@th‘?ﬂ)‘iﬂs Qf thebb!ro'dh@t Bpfh'é%ﬁegéntoﬁvéﬁﬁcﬂi ay be dissociated by
di ssoci abl e Sch base bonds between the am no acid

treatmentauith, cfﬁaengm@fe téh‘@eéb Bridg ERosholintdng arisingtfearmihe sige #f chemical
i il ' .

rose R34 R R 5BLIAORdn iy, BESRFRS o ol By BN G v

Cross- Imklrtg)rﬂomgm @ammohlynkms islapeordplisired: by uengyaﬂcihéff-base reagent

(e.g. g&ilotg\éajcrjgﬁ of % gﬁpﬁ{egahyglrre? loﬁZf)[nﬂ%&%FsSIgnude?hen stabilizing the

bonds hm&@hy@tthyrs IaneAmHa@si&eahdﬁ@yrd@ngbeu@auémgnt@mmwd yin addition
react with reactive am no groups resulting in the

collagerp caft Pencreps-4pked fhyh ¥adous yﬁ@ﬁ«ﬁrsal %ﬁpa'?rmdﬁgrqa@ﬁnﬁ% Cross-
Innklngﬁﬁﬁdfﬁwﬁgﬁgt ﬁ‘é"opr%ﬁ‘éﬁb? déf'_rljhgglc?é?ﬁ&%fja%)d't ?E%r?]ﬂéés of stable
covalept bdnds dtwebe theesellagenniilenis oaused, byethd smlloat efdfrigg radical
moieties generated during irradiation. The fibrils in the product of the present invention,
on the other hand, are substantially uncross-linked with any stable covalent bonds, and
have not been treated in a chemical or irradiative manner. Thus, any associations
between the fibrils in the product of the invention are substantially non-covalent or
readily reversible, and are not stably cross-linked. Chemicals such as cyanamide,
glutaraldehyde,  formaldehyde, acrylamide, carbodiimidediones, diimidates,

bisacrylamides, and the like have been utilized in the past to chemically cross-link



treatment with, for exanple, a weak acid.
Cross-linking arising fromthe use of chem cal
WOoehw#Is743p nki ng agents can be detected from t heCPER@MOSI791
of stable covalently cross-linked cross-Iinking
noi eties. Commonly, this is acconplished by using a
Schi ff-base reagent (e.g. glutaral dehyde) to form
Schi ff-base reaction produils, and then stabili zing
the bonds through either an Amadori-rearrangenment or
reducing conditions. In addition coll a?en can be )
collageprfiuils.| Usk etisugh eheminals, Jiowaver. masresdlf b thxiciiydésks associated
I nki [ f ;
with ing GRS, cciahio heghel Adaf W ld BT cHRLA8 iR o collagen foi
biomatﬂmv?&herﬁrebmrtdttorbqirm tHeeemoIalvagientl'fel toxidity, rlslaaméd:rdngs -linking
. the ctlon of free radical |es ner a
chemicglf pig [9ERdPRPTIAN TG P SRGiFEa: Wt FoSSTBTHI (o cgllagen fibrls
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bonds, and have not been treated in a chem cal or
| . n Latl :
[0056] tmea?{e%p{l.ﬁ@ dFRf recnyt]%ﬁgt %gya@g%ﬁmsﬁ@nfdgﬁwﬁﬁ collagen foil
biomatﬂm bectraptlsisead | of aomgmmlmurtarowelgm_adiunylayevm sedilbgen am@mbrane
con5|st #;rmraégo%gg%ﬁrrgooﬁw %ggspggﬁépﬁ@kaﬁé&c%h ?;F gs)ﬁmlaleintertwined
collage‘ﬁa‘iﬁ?ﬂ@'Tﬁ'@ et il tﬂd)ﬂnﬁirﬁ@érﬁﬁanlgbio‘iﬁéﬁhﬂuﬂ@?éiiﬁ%l T?{!%il collagen.
he |i ke have been utilized in the past to chem call

The c@kasga fqllnlalomtzaowqmgarm@iw B2 Gore® b is primarily lqud -tight.
Immun%%#f&?s?@ﬁ‘ té%t?rrﬁé? be shdiltett6h tﬁgﬁb&@tﬁo@%‘f‘ﬁl’{@%'thg%sence of
resu in ty d wt

oXl C ri sks associ a
foreigni pmth/iar fTent d:qilagentfadtblorglatreumﬂy bé gasestarilized wsthdethlylene oxide
the collagen foil biomatrix. The
(ETO) § SRliE sl ligat o fL et B fiflray of et he t oxi i ty
r| sks of cross-linking chenicals and |onger

sorption tinmes associated with cross-]i nki ng
[0057] &m%@mnf pEReTteof Uping amesiag| oIIageR e Biaral 'X[meqmg to the

presenﬂ?ﬁeﬁf?@r‘r‘kstfhrégslfys'témrall?r 'nekto§i r%ﬂfm%h%%g&gease to a patient being

conposition forms an co agen mat ri x
contactednypith ssaid dbil aTheghanuﬂaewllngrplmegﬁtm rhich thay@rllegen fibrils are

treatedf\&isrl'n %%ﬁgn@e ma?é I'I;Jr§|9 {] gm t 'ragg?(fo Sﬁgr%gﬁﬁééﬁk%gﬁa b%ses such as

sodium ﬁi/di’bkldlenw pr@m]deaﬂw’le(ﬁmlbéIdoﬁiagé’dﬂéo:bbbhe@ﬁaﬂyf ad:tb to inactivate or
mat ri x r| mar i I% contains. interstitial
al

reducecg]q é@{@ﬁtlo s-”l]%ve&ﬂ %q{e@@),l Virgsesmg@ g )pr%-r}/rpa% may be present.

Treatm%HPSdfaBioh?Atéualnw.tHOh?éﬁo@ﬁrénbsaaal SRy hydtekidet 'élm'lene oxide
I'mmune diffusion tests may be conducted on the product

(ETO),tandyther ke bave heenlysepgnized in the prior art as approved methods within
drug and biomaterial regulations to inactivate prions and viruses. Such treatment may,

under some regulations, reduce the regulatory requirements for testing the equine
collagen foil on a batch-by-batch basis. Thus, the treatment of the collagen fibrils during
the manufacturing process enhances the product safety and reduces the risk of disease

transmission to a patient.

[0058] Equine material that has been subjected to the manufacturing process described



foreign protein. The collagen foil biomatrix may be
gas-sterilized wth ethylene oxide (ETO or simlar
wog0Eridvd32at i on gas or by irradiation. [0057] RCT/EP2007/004791

significant benefit of using an equi ne collagen foi
bi omatri x according to the present invention is the
substantially low risk of transmtting a disease to a
pati ent being contacted wi2xh said foil. The
manuf act uri ng process in which the collagen fibrils
are treated wth acids (e.g. hydrochloric acid,

above ag etat ckrenwrd to drahsntit anykpythagenshds eatiesta hThiss, ipoaddition to the

hydr.oxi de, to produce he e ne co
manut AR e oasy” uBieeR o, v RE e B duhBhl avoids te risks o
transmitﬂiﬁ@%bbagﬁohexeabépﬁénnbaﬁhehaae beehysresiouslydagydciziéd with human
that nmay be present. Treatnment of biomaterial wth

cadavayiamaiaiiels. e ao! %%lagemdﬁw%f(paban EBH{ERTISiB,Usb as collagen
denveém ei’lﬂﬁet/&& I'Iéé“f%ﬁkgﬂﬂ% @sr 0g8k<L gé‘nérﬂﬁtl 'ti%rnsmlssnble
ar P ods

pr ove rug an | omat er
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with tmaOMs@gGﬁ bislodicain neatbasIc bbh)hémtmim basiisantTBoisrces hi@.g. biological
eatnent of the collagen f] bL| I's during the

maten@}émgé\{t@r EH@tSpFB%%%sa%tﬁﬁﬂ'éé t he product safety and
reduces the risk of disease transm ssion to a

patient. [0058] Equine material that has been
[0059]slisj ecltagent foil triematixmsast aecaigingrtodbe presentrinventionowherein the

collag %%We%sﬁoﬁ\cy'l Eé:)cﬁ&o engﬁvgr}d tr?e%t@cfgg ﬁ.l_huthngltx r}}f"rqgé’)(na\ddltlonaIIy

o transm
reducesddetrnsbrmf‘eﬂcutndfgaanrimmdrmcrteapom process, utilization of
equi ne- based col | agen further avoids the ri sks of
transmtting spongi formencephalitis that have been

[0060]|0EG1Y h@lb@rweéséd?l‘ébéhe@ll%lbﬁam&o efléeinl & reatesd ahfammatory
he use of en derived from an equine origin,

respc%acww @@mpagaéh frilsi thaticentain eejlaces derivied fsamt saiesss such as
humanaf\égbgsl]a{éq%é 'n% é?foftlﬁﬁﬂﬁmf%g%llgrrggﬁﬂhéﬂﬁ contact with the

orm encephal o
equnneas)llbgem il stpmagmf srsignibcardlytiavepat hy ( BSE) or scr api e.
Transm ssion of this di sease has been associated wth
the use of biological material obtained fromrum nant

[0061] TR GE TisEEtHE: derIcQJII@ ﬁifd)ll bigBiaik fayf B Rydratdd, &.g dagihysiological
sheep, and the I|ke 0059] The col | agen fail

saline. o ane rSameleg 1o CEDBIAROICY. saBepoREHEeT i BriFopodium chioride
solutioWNr &HdihéEample, the collagen foil biomatrix is hydrated in excipients or drug-

containing solutions. The length of time necessary to hydrate the collagen foil biomatrix
is related to the thickness of the foil. The collagen foil biomatrix is hydrated until it is
consistent in thickness across its entire area. In one example the collagen foil biomatrix
is hydrated between about 0.5 seconds and about 1 hour in physiological saline. In
another example the collagen foil biomatrix is hydrated between about 0.5 seconds and
about 30 minutes in physiological saline. In another example the collagen foil biomatrix
is hydrated between about 0.5 seconds and about 20 minutes in physiological saline. In

another example the collagen foil biomatrix is hydrated between about 0.5 seconds and



collagen is derived froman equine origin and treated
(e.g. with enzynes) additionally reduces the risk of
wOoebhi7¢i3t43ag an i mmune response. [0060] Equi ne- @ETIBPRW7/004791
collagen foil biomatrix also results in a reduced
inflammatory response. Wen conpared to foils that
contain collagen derived from sources such as hunman
fascia lata, the nunber of Aflammuatory cells
resulting fromthe contact wwth the equine collagen
foil biomatrix is significantly [ower. [0061] Prior to
about dfeminutes dnyphysmla'e:m fsalime.blrorstit ranothery ebentw}@rtbe eepllagen foil

wiomatf i ity BeRudt RfoufF:800s S RbT &l E Mifusbdf impysiotogical

saline. 9Adioltedr. eﬂdm;ﬂécthbefollégaﬂ't)éll?bloh’mnﬁQé h?@%ﬂed abbut 0.5 seconds to
biomatrix i s hydrated 1 n excipients or
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ness of fomatrix s
to COﬂthﬂ’lQﬂt@dﬁlSﬂiﬂBl | it is consistent in thi ckness acr oss
its entire area. In one exanple the collagen foil
biomatrix is hydrated between about 0.5 seconds and
[0062] atheutollhgbaUdsil bionpdityis invdyobe atthclsed torthe patient'anissherby established

exanpl e the col | en foil Dbj ormtrlx iS
surgical eqRuAUeh Guf- bY P8R SSRRN alRFUC-HYa S%@"%%qrﬁﬁ’:“é@s Rr by pressure

fitti p sal Fy, 840 &
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blomatan@ndtibattlssoemrribt?é%wdwo@h'?% pulfaes ebihestiasupecan ke used to attach

v cofRE0 AT U AL SEER i LSSl ity g g, o

pressuF%Cﬂ'fhEBZ@&YrMﬁOég &lnce’ZByGh’atnd tﬂé)cmla‘gdnef@lllhlbmatnx can be cut slightly

' si ol |caIsI|ne ti th le the . .. .

orger B b % SEloieg ind T T e e REAghi g pomatr

therebf%ﬁg’rﬂﬂﬁo@?@p%*%ﬁétpa%em Sutase toOwhitnSt Rl SeHchR. Iﬁ@hbf&ample the
n anot her exanpl'e the collagen foil biomatrix is

hydrateg gpbagan il iemetrix isedzattte haye arAPRERURA!Y R-5 cm to about 1 cm
I I
overtaf N B HEE8] TP Aoy Ger B PP RRf) R4 prferences
and skébafrtpé sutdemncol | agen f0| | biomatrix is not hydrated
prior to contacting the tissue. [0062] The coll agen
foil biomatrix may be attached to the patient's tissue

[0063]0¥ @ﬁéabkambl%d a@cwrgﬂngaltotta@hWequmwnemerdnmohl bfl(follagen with
seal ant, tissue Iue surgl cal sutures, or g\ressu

fibrinogan EnAqitsorerinthe deiiADeudal DigmaiRAT, bRy ixeHh B place with fibrin
sealanfaExURblet & Gt QBalBAt ‘QBSR)VEBGFOF%lukgﬂgﬁnugéj'lﬂclude TISSUCOL and

TISSEEL fibrin sealants (Baxter AG, Vienna, Austria). Alternatively, a tissue glue that
does not induce an extensive inflammatory reaction, and is approved for use in spinal
surgery, may also be utilized. The fibrin sealant or tissue glue may be applied in a
continuous line around the portion of the collagen foil biomatrix that overlaps the tissue
in order to form a liquid-tight seal. A liquid-tight seal fixation is advantageous as it avoids
complications associated with contact of the adjacent tissues with hemorrhages, e.g.,
induction of adhesion formation by fibrin. In another example the collagen foil biomatrix

produces a liquid-tight seal when attached to the tissue with a continuous line of fibrin



bi omatrix and the tissue, or the blood on the surface
of the tissue, can be used to attach the collagen
WORMVI3M3BMmatri x to the tissue without the usePOT/ERRIN7T/004791

seal ant, glue, sutures, or pressure fitting

techni ques. Once hydrated, the collagen foil biomatrix

can be cut slightly larger than e.g. the surgica

opening in the patient's tizsue. The collagen foi

biomatrix thereby slightly overlaps the patient's

tissue to which it is attached. In one exanple, the
sealanhpdtlaslfﬂjgtuel Imgefarther Exéampleathei coliagenifeit hidrathiatbataverlaps the

issuo ZBRIEHORAE WinL s BeboE P oda M By SRR 1l Ihe v, 1 s
anothek aRip?é ahe eRageAsl BlonatriRfis tdMached Qﬁﬂgurgidaﬂﬁﬁﬂutuﬁhg it to the
one exanple, according to the well-known interactio

tissue gMGeolt| hafeipeRnt RoSHiPRRY ool deeirad IseBkRg site. | Hee collagen foil
blomatfhs?llgat%eﬂe es‘?.{tureg' Q@él&ﬁl?S&%ﬂ J?E’l f{e?&?uﬂ dEaspJn%%? by Eg'ed to prevent

["ant appr ov
tearingftbe feiliriyyiscraicomeended tooB;aaTlsSﬁSiﬂé:@earfdr ei’arﬁslﬂiwm @flbnn sealant.
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pressurdfittiagnatidfijuesRAdWANR tivadrt mlimfe@hﬂﬁ]ufeothé@@llagén foil biomatrix
spi nal, sur may al so be utilized. The fibrin

is posdiBRParin e dpster IMPLARtaRaR BEe A Mels im Rlace: dy fheustgounding
tissued. | THULTREN ratfth?%rHQirnts' AN pRket \Wﬁh&ﬂl {ROG8ef & Eu@lc%@lftb?és fibrin

that overl e tissue in order to form
sealant |Q1{u|saue|gym Ip emiothex éxamuple- thiegtallagealfoif bmmatun i$ positioned and

o AAGATEL L8Py 0 BT PR AR oatiaues.
this teéhriique, thedsttiagen foil bisHhesixas p‘o@ttmteuan thg deshxfeldnlmdlantatlon site
anot her exanpl e thfacol |.agen bi omatri x  produ

and heyd ny glars i tgRinadwal afireHoRof é‘é’ﬁ%ﬁ!of‘éh%‘éc%%@%”%rt ﬁ‘eaco”agen

foil bioffix BHAYSe mdinliah tREid NI SIMSIE, the. collagen foil biomatrix
PCT/ EP2007/ 004791 24 seal ant or tissue glue. In a

may b¢ @pplied tegdinsue arseaifised dyeanyf of thepnethwdsi sbavearnd then another

collage%vf%rllltﬁgﬁlai maty'g'esg fr tho %ﬂ %t\ff'sghefa 'aB Q'atny of the
plRht 4% AT

or tissue to a ¢ 1T 8sue,

methodmabdwa, tlaxsarq:*sluﬁlrighe adgﬂdeageheételolf the coltageinoil iomatrix.
attached by surgically suturing it to the tissue once
it has been positioned to the desired - contact site.

[0064]! DptiBRalRLth@@sMaden foil B?b@u'éﬂi)(f bftheSprbSemensétitioreshay be utilized in
t ensi onl’ess suturlng techni ques nust be used to
o)

conjunglien with otherprpdgctshkor l@stancm aftey arbihedhneleallagensied ibiomatrix to
the tissZ}ét h(férsleéémpyé%wﬁféq‘ﬁ%h%an@ &%& Pég%{t))hg ,fgrilaﬂwadheélan product
may beappliadotocttie ampgber oploweresirface af thegoltagen foil biomatrix, or to adjacent
tissues. In one embodiment, a PEG based product, such as CoSeal® (available from
Baxter Healthcare corporation) may be applied to the upper or lower surface of the
collagen foil biomatrix, or to adjacent tissues. As the collagen foil biomatrix of the
invention prevents adhesion by separating tissues and by directing tissue regeneration,
rather than by creating a “slippery” surface, its action may be complemented by utilizing
products that temporarily create a “slippery” surface to which cells will not adhere. In

another embodiment a ready-to-use collagen foil biomatrix, which is already coated with



pressure fitting techniques known in the art. In this
techni que, the collagen foil biomatrix s positioned
woizpoIsEs3desi red i npl antation site and hel d i nPOT&EP200BP04791

the surrounding tissues. Thus, the graft remains in
pl ace wi thout the use of surgical sutures, fibrin
seal ant, or tissue glue. In another exanple, the
collagen foil biomatrix is 2%sitioned and inplanted
wi t hout the use of any seal ant, glue, sutures, or
pressure fitting techniques. In this technique, the

a PtGibdasgdn fppodudti ot ri anés posi botimedsunfaddse desiyrede  used.
inplantation site and held in place by the natural
attraction or adhesion that occurs between the

[0065] C/Sedjdnﬂaﬁélly trd %re@bﬁﬂ'ﬁﬁvéhﬂorﬁl&@e‘dﬁd KRR R Bf élrﬁlﬂtﬂ%yeidﬁj collagen
anot her exanple, the collagen foil biomatrix

foil bioaygHis Bytheomanufasivie efnd naediramanty.eadymediqaly -’w{ ﬁ@}ag material,
\ et I f t

for treagina aedlsﬁﬂ% tslg.l%gna%g% o Lﬁrtlé‘s? sgg%e‘?f%saggbggip%?gdﬁdbséd;@rjlmeases ina

mamma¥f chahactemaedh by dllsomeneqtlbnsaf raetwsluel selpdted frdpatiengroup consisting

. sheets of the collagen ter [ 0064]
of SP'nﬁo‘Eq?'HHQI"’VV Ucrﬂén%tgfgaa{bje efs&rroug BgNSSUS” of the present
invention may be utilized in conjunction with other

pr oduct s. For I nst ance after apI y| ng t he col | agen
[0066] £xample s hd and fibrosis fogmatiogy b dstudy, a9al, of

EQ@ei&%ﬁg%c Ie%géu@% rﬁQ@d/r? an@naaﬁ‘és@ﬁ%% %rﬁh@db'l%tblem in spine

pplire to t e upper or | ower surface of
"surgermdremmﬂyf(musmg caticulax paior and pauﬁlaelempaltm@stu@sg lfawled lumbar

iso s o LR ABDA i PR B I BRI cose o

revnsmr&lsuigeejﬂlé @polted bipeeend drmw\m%wltﬁeattteralﬁrd he coll agen
biomatri x, or.to adjacent .ti

E6F Imgeimsransi Giigel PRIATSIERS 01 MF RS EROpGeplopment and

extent ARG R¥mEeBARE] Ng tissues and by di rect| ng tlssue
regeneration, rather than by creating a "slippe

s he apreopetativac siteationapf Haec @wglc@lmafead(qx}stlmgu Ianbeﬁgns/f ibrosis,
. 13 ri "slippery" surface
'nC'US'\%{)%ﬁeﬁ]&'céBﬁ?td\%%% ﬁ)otéfgla%é?géﬁ ’n anot her enbodi nent

athiecimtipoporatise ptandrmgene fobithe burgeeay (extentvdfiebdunds area, avoidance

. al roja}.dg coatgd 2007/ 137839 PCT/ EP2Q07/ 0?33791 ful f

of injurfes' & Yok 258 4 BLRRATOBCR S UBL 6 (510 sTF MBS yrgfuiness o
hemostBRI avolddRBebof Offhd banaf fissuet ke prapgient i nvention is

related to the use of a nultilayered collagen foil

HnisaeRaralive nmersuiagndeacRerentan angkdniwmization; of pgstoperative
adhemgﬁg' C@elh%lﬂﬂﬁ |6§6P5ﬁtl gﬁh@él\/é"lmplaé%: Ié%:%dggg fdils or gel.

Datehogee mamﬁtda dalmsefsadrneslms surgical measures may never reach a

100% adhesion prevention in every patient but preconditions of the above mentioned
parameters can be influenced. The surgical goal is the optimization of the surgical
wound situation during and in the early postoperative period. It is known that wound
conditions in this period are mainly responsible for the formation of any postoperative
adhesion and fibrosis formation.

Considering the pathogenesis of adhesions/peridural fibrosis, the investigation of

the behavior of potentially dura protecting and adhesion preventing and minimizing



manmal characterized by a disconnection of a tissue
sel ected fromthe group consisting of spinal colum
woand/13dwe3a mater, and the surrounding tissue. PODER2007/004791

Exanpl es: Adhesion and fibrosis formation, basics and

study goal Excessive scar tissue formation and

adhesion is a serious problemin spine surgery,

frequently causing radi cul &6 pain and physi cal

i mpairment, e.g., failed lunbar disc surgery or post

di scectony syndronme. The incidence of dura mater
methodseshdrprpdudtasduringg theephysiologinal geary foranatigpoint the peridural dorsal

wouns AT BRI ATl 16 41 SRR S g e o

surgerﬁﬁvﬁilsmﬁﬁﬁé Rogt ipbeant Ofnea?»baﬁﬂdn ﬁefelmlirie:)lwl'mmer a particular
t__eroer i v SI n of the surgical  area

compogifign SHlIRG e HBSHashe! BrotscsBednd ssper it B0 Gartatet o the scar

formatleﬁem SREShbisAD &lrgicle MAbteHréa and hhel HVORRIPREALF VEncontrolled
formance of the surgery (extent of wound area,

postopamivaailﬁiebutmn ohpl@pdeﬁbrmogansﬁb@@ anflcnecsetiamaterial, which are the

main fagc?&ts hagqrgol.?r{d ety [n4CeHIEFof Snd u P%ﬁ&l%&%{/adﬁ%lsmf IASSTS formation.

SS9 S d8nce
The s)tuativrdat MmWeebaebat-opreraneas;uows the evpluatientaf cbhne integration

of the quiq:r{f ngtrr(}qu% Lk?gnasg{) OM @tpo?./&ﬂtlgﬂpgt?]s angt%tp{gglgfunctuonahty

and tlSEQé'C%nﬂfatlgﬁllty oPifpladtd. orneldrhfib e aftat 845 vwifekad e teoMaplant well
surgi cal measures rraéépever reach a 100% adhesi on

accepted evaliiargadi andeméﬁgra inEnthepderspl acatran Ploris coptraste does it act
as a 'Oﬂgqg| n f g(%rpp aﬁﬁgﬁlg@élfés errcbsftibR lAanGed. for-m&lon'? The aim

zat1 on OPche surg
of the fmblommgs Ekamplecsnnsoborda\raj;uaiadhe rbloﬂulecmmahyy pest lmep@rarweeparatlon

t hat und con
iayer afiasgomebivt i Ry Srereicing TS s RatpB A & Pelkdls! saypoen foi
biomatAR $ RE pastoperativd Ficenamdthd VHILEFbE tHeopreveh@dn and minimization
Consi dering the pat hogenesi s of adhesi ons/peri dural

of clinigaliyrglevant aghesion ard ugaentarllegtscar Hasureteamagen of
potentially dura protecting and adhesion preventing
and m ni m zing WD 2007/ 137839 PCT/ EP2007/ 004791 26
[0067] iFxanapls larMateriatiziond Methads: Animah Fxiperioagnts| shawing reduced

d
acnes TR AP SufobFy FRIAGAE biceRioal B4 B8 bomatic
to two weeks post
A) Materials and Methods as shown in Figs. 7-9:

Animals: New Zealand White rabbit, both genders, weight 4 kg. Origin: Charles River,
Sulzfeld, Deutschland or Harlan Winkelmann, D-33178 Borchen.

Models and Groups:

Use of a biofunctional collagen foil biomatrix: Laminectomy, exposure of the spinal nerve

root and application of the collagen foil biomatrix. Each group includes 20 animals.



surgery). This is the nost inportant time period to
determ ne whether a particular conposition fulfills
woeh/1ia3et i on of protecting and separating t h&@CaPa007/004791
mater fromthe scar formation in the dorsal surgical
def ect area and the avoi dance of uncontrolled
post operative distribution of blood, fibrinogen,
fibrin and necrotic materi &7, which are the main
factors and underlying cause for any uncontroll ed
scar/ adhesion/fibrosis formation. The situation at two
Group heek sL@pinectiay.atkip flagure{sontid).eval uati on of the
integration of the inplant and concl usions of the
ki nd and potential of the bioactivity,
Group Bi of ubarminecdmy,yCowarohgt wisls vellagemfatl ibborhatrix. of
i npl ants. For exanple, after two weeks, is the inplant
wel | accepted, cellularized and integrated into the
Surgergtor sal anatony or, in contrast, does it act as a |long
termforeign body and provokes encapsul ati ons and scar
fbe mimals>Wers paslﬁpn@q! ”'B [fe PFAAIE BOSiHeN @rdngp@sed withythe surgical
area (IG%BhHapi ﬂezgﬁf@é@fﬁﬂ&% Q{@ﬁL e Eohdiforfs, HREP Phétidn mcnsuﬁn ofdthe skin,
separ a ayer an iomatrix for ce gr owt
the Para s&n’ebr@gmecwattme was eddfacherhifioah thel $pigews frodtesses and the

amine 57T R B AR D BB BB e 5 ane

4" Iumlb@P e/ePBbr A NS bord ited UBREsEUTe | dfethestmar cbrréspl@ndlng spinal nerve
formation. [0067 Exa le |1: Materials and Meth
roots apdiqfghe Egggteq:rp n‘&]ulqgop Ol SHEZETY ARy REsPrsirace rywth the different

groupsﬁ@b&%'decs‘éﬁg%y u5| ng the biofunctional collagen foil
biomatrix A) Materials and Methods as shown in Figs.

7-9: Aninmals: New Zeal and White rabbit, both genders,
wei ght 4 kg. Origin: Charles River, SuI zf el d,
Deut schl and or Harl an W nkel mann, D-33178 Bor chen.
del s, and G oups; e of bi of uncti onal coll agen
Ge”er%l‘/%PPeBﬁhSﬁ’é’tri X: }Q?_té‘ﬁFuﬁect @@ Whosure of the spinal
Rompuner ve16 fitffkg 8led appl i cation of the collagen foil
bi omatri x. %ach group includes 20 animals. WO

Thiopeptah7/ 3 tRpyaherr EpPodRs8danEffecd7 Group 1:
Narkosr_é"rﬂtUSQﬁ ! %&nﬂ:a‘?b@ﬁfﬂé %r( Gontrol ). Goup 2:
am nect ony,

vering wth collagen foil biomatrix.
Pain msdicgéory 2% Ideyaﬁemgbsncwe@@ngﬂ@i $.¢.doed-4 days posfoperative.
Bosl i oo anFI red Wit p pe suh i cal
Euthanasia: ngenera aneStHESiS pArbituratt overd KRy,

Evaluation and pathological examination:

Each group of animals were euthanized as follows: 10 animals after 10 days, 10
animals after 4 weeks and 10 animals after 3 months. Evaluation parameters: Extent of
adhesions and fibrosis. Subsequently, an extensive histology was worked up.
Experiments showed reduced adhesion formation in the group utilizing the biofunctional

collagen foil biomatrix.



area (lunbar spine) shaved. Under sterile conditions,
after nmedian incision of the skin, the Para vertebral
wonrngcdrap ur e was det ached from the spinous pr8CESFPeH7/004791

and the |am nae of the lunbgg vertebral spinal colum

exposed. Hem | am nectony of the 3'd and 4th |unbar

vertebra was conducted. Exposure of the two

NGl . a - «

[0068{ BxaRE"H. 3)AeR oIl Bidiatrif Urke Wéekatbhinldahtation in human
patierithe different groups is also described. General

anaest hesi a: Ketavet 60 ng/ kg Ronpun 16 ng/kg s.c.

Thi opental i.v. through ear vein, based on effect

I i, bR ORI BB AP SRR g el of 7
days iddhe frarae afperautinee surdital eeedsient (epilepsygr Bhe collagen foil biomatrix
was RGP S B e T B, ey B St 1. During the
seconéﬁd@?fﬁ%e%ll‘%@bhoﬁi bibthafk TRipfarft! W8S ré%d%ﬂsﬁou%@ely before the

s after 4 weeks and 10 animals after 3 nonths. )
reoperingl ofitthendpee. aAfieerene Exeentofoepidutale énplantatian, the collagen foil

. L br osi,s. Subsequent|y, amn extensive histolo S
biomalyyy e peShigal ehlesa sl e e i i Pl 6
fragmatiigry sBclidifal diewWofuihel tdlidd@nt fof BibaTatne df Fglire 10 one week
col'l agen foil biomatrix. W) 2007/ 137839

after ipgitaERLio07/ AU T3D besspencsiprenlasisl are 1arowing drfen theigollagen foil
vomeff? gelch 87 e ER 60 IR The WP gpgijucinal irecir

is abowBg20peBa0eMmI n the interval of 7 days in the frane
of a routine surgical treatnent gepi | eps

. Th
ce peedr 6f | thei giraetadk in-GEWihn eI aiePad éé?lmlaﬁg dthe mpulti-layered

struc’u{nﬁeisf ot S 967 ¥5 (tﬂﬁgﬁeﬁ]ghﬁp iﬁflo@u#iﬁakﬁ)mc%i&gﬂpared to the

e second surgery, e ctoll agen foi iomatrix

transvenrgal atitectien (i Eigoviéd). ridirtimak infldrefhataytindltration psnshrayvmmf expressing
the dura. After one week of epidural inplantation, the

the onggiNGLIRIALNEERY Ve HOGR8STi x is still nechanically stable

and renovabl e as shown in Fig.10.

[0069] Example lil: Cell growth, tissue regeneration and prevention of peridural

adhesion and fibrosis after implantation of a collagen foil biomatrix in spinal

surgery

Materials:

Native equine collagen fibrils (mainly type | collagen) produced from purified minced
Achilles tendon from horses and precipitated to fibrils. The flexible formstable and
elastic biomatrix is specially engineered and has a nonporous fluid tight multitayer
structure. The thickness of the dry equine multilayered collagen foil membrane was

about 0.1 mm. In the wet condition the membrane thickness growth up to 0.3 mm.



Fig. 11 is a sectional view of the collagen foil
bi omatrix of Figure 10 one week after inplantation.
WOR807¢tIg7T83be seen, fibroblasts are grow ng i nt oPCHAEP2007/004791

collagen foil biomatrix, directed by the nmulti-I|ayer

structure. The penetration in |ongitudinal direction

i s about 220 to 320 pm The,speed of the directed

in-gromh of repair cells a?%ng the nulti-Ilayered

structure is about 10 to 15 tines higher in

| ongi tudi nal direction conpared to the transversal

direction (,,Fig. 10"). Mnimal inflamuatory
Generandnddstiaddiamn i s Keltawet 60axpikgssi ng t he ongoi ng

regeneratiye process. [0069] Exanple Il11: Cell growh,
Rompyn ssuéGr'@géﬁge%)%ﬁl on and pr ellentl gTrjl of peri dural °

Thnopéiﬂaeswntrﬁ\a@grﬁ bb¥ @é‘th@Jéd%n bffebtant ation of a col | agen
biomatrix in spinal surgery Materials: Native

Narkos;quuntlé)atl@hl expehanicet vendilgtieni nl'y type 1 col | agen)

Pain "ﬁé(ﬁgée{? d{ggqém pl% ﬁ%jg Q?%r ﬁ“s%'] ir_he %yl%g%%bl éé%e'

Eutharﬁéﬁ”aﬁmegﬁr%ra%esmw barbhiummtavievddsga ispeci al |y
engi neered and has a nonporous fluid tight nmultilayer
structure. The thickness of the dry equine
Annmamddél -ayered col lagen foil menbrane was about 0.1 mm

he wet condition the menbrane thickness growh L\R/ i
ﬂaweo msesent vmdxowmBaégmmv@ﬁ\i%ﬂ@@l@?él\’\%ﬂ? NZW") rabbits

welghlﬁar}ﬁ{ %erggg%slgjgtsﬂh@ tmﬁbf"gﬁﬁeﬂpaﬁ@m@r a\EQB’gé' %géein/e@ﬁ Sonths. All

ear vein
rabbuté.\lwéfes‘emale r:dm!bapproma! fmdhammmlal wbudties atdare rpapiormed after formal

appro@ﬁy %&gu@g&pg& |°€ihe I&ngﬁyﬁggqodao/?qr%n%gﬂi? §|e3|g?| ofssuAfgery in this

experitdtaithinapirabaiddel Uhakdbbréenass Sintilay . toAthéahost @ehimdmeoperative
present study was performed on New Zeal an

intervemtigvin)huraasi- t & larsieg My apd resrtingevad RY k! theddacet oint at
the lufbaP YpRE" ¥ (3 UM frodddihAg6t feruNaskténdBhbeal Slilgery such as a

Posterior Lumbar Interbody Fusion (PLIF) surgery, the ligamentum flavum was
resected. The dura above the spinal cord remained intact. The laminectomy area was
covered by a biological collageh foil biomatrix of the present invention. The paravertebral
muscle was moved back in place and the fascia was closed by absorbable sutures. The
skin was closed using syntofil sutures. ,

The rabbits received postoperative pain medication and fluid infusion during the
first three days and received mixed food. The rabbits were euthanized by overdose of
thiopental _and the operated areas of the spine were removed and isolated for

histological evaluation.
Histological Methods:

The vertebral column was excised en bloc and immersed in 10% formalin solution

for fixation. After decalcification each lumbar vertebra was cut into slices, dehydrated



rabbits were fenmal e and approval for the ani mal

studies were perfornmed after formal approval by the
woa0a7er43Pi es of the city of Vienna, Austria. POEEREI7HNM7I1

of surgery in this experinmental aninmal nodel in

rabbits was simlar to the nost common operative

intervention in humans. A | am nectony and resection

was perfornmed of the facet Bdint at the |unbar spine

4 to 5 (L4/5). To carry out the full extend of a rea

surger such _as a Posterior Lunbar |nterbody Fusion

and enipedded igurajaffip, Semen seetiansniimthiclkweie fzken frepeaachgample.
TR, SUtiBnaBAUe dihifed RliftfHaERIAOTIRIBLERKCr Beftal nHiGiogy staining
'am nectony area was covere@ %y a brol ogifcal co aggx
all celfsoahd hareatompoatntsh€herdislent werey eréinared blyeevaluating anatomical
LEar vertebra rrusgé}le was, rmvsgh back ,in Bl ace and lihe q
structures; fike relalion. patweenHra faaieh apf dhe RE(idwe! deizal swglcg! Woynd area,
cell inYrORBAirts ithe coVBEEN ifbil BIUMEAR -antihthel abdirice/precevde’ @fld extent of
postoperative pain nmedication and fluid infusion
adhesign/fprigationeand peddunahfilroug sgar farmatieBei ved ni xed f ood.
The rabbits were euthani zed by overdose of thiopental
and the operated areas of the spine were renoved and
isolated for histological evaluation. Histol ogical

ds: .Th ertebral colum was excised en bl oc and
Resul%ﬁg&gnq%%mé@gﬁm malin solution for fixation. After

deeaddtibhs atdrerstained vithhlaemwestitbEasinefor geherdlthistology staining
slices, dehydrated WO 2007/ 137839 PCT/ EP2007/ 004791

all cellspapd P saaweNPAtspAbParslides welrefX3BiabRY SatHg: Rnatomical

structd&@% ﬁké AdiSfor BQWe‘r:e‘_?lCE%hsrléﬁﬁ?'gr?aaa hSe BFH dnr%r‘a?aggr §tért§k%'l PRtnd area.

Haemat oxi ener a I sto y al ni ng
Cell gmiwthdeld andrah theneoltagepoiod hismatrix and diee quantityesrdriquelity of the

. by, eval uat.i ng_apat om |. u L I i O

ey Gy IEhR R S SLA FRHAGR, Baf LJbi Bgaaca. The

integrati@ufidcdrpefationC ptdces 8- gidwhd abyencéipeesmiceagrt éxeht of adhesion
biomatri x and the abse,nce/gresen e and extent of

formatignrrng BRrdWRheRNMGFIXR dSHHE PrANAAlPN WG Slsg apalyzed.

formation. Results/ Histol ogical findings: The
sections were stained with Haematoxilin-Eosin for
The styeyehaws fivlkving jistaegical finfings:| cells and bone

gﬁg?e%ﬁghfpgggpeﬁaw&%%E&Ia@éﬂrﬂ)ﬂqB%n@tri?‘@b%@gb Rtween the dura

mater and the dorsal defect area and forms a biological separation layer between the
dura mater and the dorsal wound area. It is not fixed to the tissue of the dorsal defect.
Blood (erythrocytes) adhere in a thin layer to the surface of the collagen foil biomatrix
and proves its function as a hemostat. The parallel microscopically multilayer structure
of the collagen foil biomatrix, which is nonporous and fluid-tight to blood, is clearly
visible. The thickness of the collagen foil biomatrix is about 0.3 mm. (Fig. 12)

One week postoperative: The membrane is mostly integrated in the surrounding
tissues. There is infiltration of blood cells, especiaily lymphocytes (Fig 13 A). The
subdural space is free from cell infiltration or adhesion tissue. On the dorsal surface cells
are directed along the surface and have hardly penetrated the surface of the collagen
foil biomatrix. At the edges of the defect the collagen biomatrix was applied on the bone.



structures like relation between dura mater and the
peridural dorsal surgical wound area. Cell growh
woi2p7a3#38 on the collagen foil biomatrix and PAEEP2007/004791
quantity and quality of the inflammtory reaction in
the biomatri x and surrounding tissue were anal yzed.
The integration/incorporation process and the
absence/ presence and extent3bf adhesion formation and
peri dural connective tissue organization were also
anal yzed. The study shows fol | owi ng histol ogical )
The cantaefi arge: (a) isradprefesred peaa @bbtoaptl\agf. (ieenateK |/ egdintesa¢tion) and
i trd ¥ r d
the el & drdcled LA ARURANTAS B Moy PR AE ThO Brea between
the multilegerdakicottagert Hieil bikmatrixabed theddurbemdters adbnsistsnof loose tissue
.areg. It ig.not fix to the tiss of the dorsal.
contaifipg dat SelplogorBAAE o8 yhe SFSU b aS SRdieharade, fepreas where
the anb@niy¥as Wot affectel Hyhﬁe%@'r%é@?é‘) adPshoh HRIg. 8 A.and
proves its function as a henostat. The parall el

Migr Gs8ahions hy cantactiasga bebyearcthe multidyeree cebrgenyia biomatrix
on g TR B e, BBEP USO8 LU ch an
multilagetedageltadeni Foibbmmeatrikx The rabmdellig3ofnthe (FilGlayaed cokagen foil

viomalf StalS S B dirigied NOUTEEN SHrile WERHAS TR, P TIgRYGRS) into the
paralldphfilags dtruct@@psFah@muitilbysieaaoyibgsn (di omatdy.. The
subdural space is free fromcell infiltration or

&ithe'st Brihomssttie. contatrsea Setugers thermelilauared coliagen foil biomatrix
and thglbbﬁgtaﬁf?h@gggg OEE% @%*FF‘Z@ _nand have hardly penetrated

the surface foil biomatrix. At the
Eiges3 of shHmvsldfieanultityerssl icalrgerbifa@mbiomatrinain tspcertgr of the

amine by Bty Ind Sondén, bl K InGaealed il 5 dendffyq The venta

epidurélbspa®d rfiom/ theelbrsantseapdbimatioranCells age béigicied oty the dorsal
directed cel] infiltrationaongme mul til ayer ,
surface 1 angt thave. NehPeRrEalask iR sitMacReOine | GolpgrR PIeBIAtRyehhe area

betwediPte BHRATA biornditbx he HEI quriBhsfer CBRSIsE 8f RoskAR3Be containing
tissue containing fat cells (b), conparable to the

fat cellsi(8sue of the epidural space in areas where the

HIBLADO 155,0% 084 S50 A0 B BB Thp R0 B9ARe cotacen
foil bidrhatrixulid iclasyrey elde clahlisgtomiyodéfebt amalt separating thee docndrom  the

beginnihy Eef IenaiRISEEar HaTDRTer doelp BBYS AgeReperfied the srface of the
coIIagezk:H'o;E;lﬁiggéétirr]i&]:c g‘;flhﬁeré’dﬁéj@f|thé‘§bdﬂ§gér|i‘€bi&‘hb¥ri>J ayRr Blginning of directed
infiltration of repair cells into the multilayer structure(a) is seen.

Fig. 13 E shows a NZW rabbit 1 week postoperative. A collagen sponge
(DURAGEN) was used to cover the laminectomy defect. In contrast to the present
invention, there is no clear nonporous separation layer between the epidural space and

the dorsal wound area. The collagen sponge is soaked with blood.

Two weeks postoperative: The integration of the membrane into surrounding

tissue is improved by in-growth of capillaries structures. The amount of the lymphocyte,



bi omatrix starts with the directed infiltration of
cells (fibroblasts, granul ocytes) into the parallel
wormsT8syer structure of the nmultilayered col PEGER2G0GI004791

bi omatrix. Fig. 13 B shows the contact area between

the nmultilayered collagen foil biomatrix and the bone

at the edge of the defect (a). Fig. 13 C shows the

nmul til ayered col |l agen foil omatrix in the center of

the [|am nectony defect. The collagen bi omat ri X i s

integrated and is separating the ventral epid
segmegipetaranuinayvtais nereageds dhe swctieialthe csl! ageraffél blomatrlx can be

t r

cisingsh 8 1t he i e, T NS bt shove e

membmneawntlbestxwdahom hné Iwrnphaqsde aridogsnuiocytendThéhsubidural space is free
0onsi st l.oose tissue containing fat cells

from C%Eﬁrs lgaign o 2 §‘r%\/5§5 S4°NzW rabbit 1 week

F@d opepat io/ehowhg NI idbitefned weeks qﬁﬁmpe‘rawe The multilayered
omatrix is closing the |.am nectony defect

col'ag%wrwm@w ﬁefuamraegwaé@ﬁ t HeSUg ERpaneelly have '%?ltaﬁed the collagen
biomaiR @l are ec éH He nQﬁLIb?erl'@Nfc;tLrl}%t Tﬂg%tré M&adr fs"keeﬁarated by

surface o agen Iomatri X he edge of
loose tmluba/gtlrnfabmeﬂmfrpnxtherm:abéqmmnongarwth@| negmc@djed collagen biomatrix.
infiltration of repair cells into the nmultilayer
structure(a) is seen. Fig. 13 E shows a NZWrabbit 1
week postoperative. A collagen sponge (DURAGEN) was
used tQ cover the | am necto defect. In contrast to
[0070};GRNGHSIQRHt i nventi on, the% is no clear nonporous

Bahéﬁb&%ukaﬁﬁfmgﬁé \é@eeoﬂd@}%neﬁblﬂlﬂi‘&haﬁﬁawf tﬁ@dpretsﬁﬁt invention
dorsal wound area.” The col "'agen sponge is soaked wt

provedpicolaie emmwm@tepam excallent separgkien |a|msieryptﬁqt|@n functtqnebetween

the dqueW?JtQP\A?HH %8 o%% gfcggd ite'c?sé{}?bldlﬁ ru(?%sqtr?ﬁ/eq d'isltlribution of
In-gro Iar gs stryctures. e amount 0o e

blood, Iﬂ}oﬁ‘pMh@croﬂ‘@n@@ﬁé&&ﬁﬁﬁ&eﬂ@rﬁ&?ﬁ@@r@aw firectd®y and separating

ul ocyte i s increased. The structu
the oefip Brauh | dyde RGN ntRet | R0En 1o JaTFSk PHgHEhaRe  Bpfnctional
collagéifoilsisé iraeisnet detSinegroWiie o iits rAlitildViel BEATBILPE YThe speed of in-
reacti on above the nenbrane with exudation of

growth glepBotbet @Uétﬁ@iyegﬁdrﬁirlb‘é%eels higbes thruthe irgaewth of celie into the
blomatfr&gmsrﬁgﬁvé gb%pg&%%% %@gﬁ@' mgﬁé&sln\%@%&ﬁé@k into the
ventralnsurfadeagfethectollagen foil biomatrix. The different speed of cell in-growth along
or across the multilayered structure is in line with a clinical observation after the
peridural implantation of the multilayered collagen foil biomatrix one week postoperative
(Ex. IN). _

After two weeks, the multilayered biomatrix is infiltrated by repair cells. There is a
full integration of the biomatrix into the physiological scar formation of the dorsal surgical
wound area. The dura mater is separated by a loose fat tissue which looks similar to the
fat tissue, which is physiologically separating the dura mater from the spinal canal.
There is a high bioactivity of repair cells directed along the gradually disappearing
multilayer structure of the cell rich biomatrix. The biomatrix is remodeled and integrated

into the normal anatomical structure.



collagen foil biomatrix is fully integrated. Tissue

repair cells have infiltrated the collagen biomatrix
wozny/13r89di rect ed al ong the nul til ayer struct BCEEPTING/004791

dura nmater is separated by |oose tissue with fat

cells fromthe scar formati on and the renodell ed

col l agen biomatrix. [0070] Conclusions: The nonporous

mul til ayered collagen foil 8 omatrix of the present

invention proved to have an i mredi ate and excel | ent

separation and protection functi on between the dura

miveemuliifayeréd cabager failubiginadilix dethecpresanbinyiention peoved to be an

e 1B 05h LOBHERSA gy P, PABEdH 248 sparation v

betweéh tiec turgmanst spiicational defeet eeéd wgli‘chv\fsfmm‘ctlhb&he cell in-growth
begi nni.ng scar above, the %Frsal rface.

within e muibeves aifuctug) angy e el protrts ahavedis qoRLswiage. By directing
the cell ﬁr&ﬁt‘ﬁ"‘ﬁﬁb bﬂﬁébe’nt ﬁ)ll%hb{rﬁyéfeélVéM%dm%ls ’EHéere?H@@éim@fand tissue

growt h al ong the mul ayered’structure i s highér
regenetratacvnt heodess g e rpr@fndeel Ioptlrrml ocenditions ofait the foreyantion and
I ds no in-gromh of cells in
mnmu%ﬁﬁorf@f&ﬁ\lcaﬁlgkrfe%@?nt %ﬂ%ﬁventral su?f ace of the
collagen foil biomatrix. The different speed of cel
in-growh along or across the nultilayered structure
isinline with a clinical observation after the
peridural inplantation of the nultilayered coll agen

foil biomatrix one week postoperative (Ex. Il1). After
two weeks, the nultilayered biomatrix is infiltrated
by repair cells. There is a full integration of the

bi omatrix into the physiol ogical scar formation of the
dorsal surgical wound area. The dura mater is
separated by a | oose fat tissue which |looks simlar to
the fat tissue, which is physiologically separating
the dura mater fromthe spinal canal. There is a high
bi oactivity of repair cells directed along the
gradual | y di sappearing nultilayer structure of the
cell rich biomatrix. The biomatrix i s renodel ed and
integrated into the normal anatom cal structure. WO
2007/ 137839 PCT/ EP2007/004791 33 The nultil ayered
collagen foil biomatrix of the present invention
proved to be an effective, bioconpatible and

bi of uncti onal imedi ate protection and separation

| ayer between the dura mater and the dorsal defect
area which is directing the cell in-growh



within the nultilayer structure and the cell growth
above its dorsal surface. By directing the cel
WOgnrovBsre3d9t he col | agen foil biomatrix effecti ve&CYEP2007/004791
controls the renodeling and tissue regeneration
process and provides optiml conditions for the
prevention and mnimzation of clinically rel evant
adhesi ons. WD 2007/ 137839 F&/ EP2007/ 004791 34
CLAIMS: 1 Anmethod for directed cell in-growth and
controlled tissue regeneration to prevent
post -surgi cal or post-traumati c adhesion and fibrosis
formation on the surface of a tissue selected from
t he group consisting of spinal colum tissue, dura
mat er, and spi nal nerves QGUAIMStanmal , conprising the
step of providing, covering and separating the tissue
with a non-porous mcroscopically nmultilayered

cal Ind@asd f i | dikdAs@t EdIK in-growthe af@t derdradledc tigsuw Jregeneratlon to
wherein the mammal is a human bei ng. 3. The net hod

a@fﬁ)’recﬂ‘ff Rst-surdical Mr poskiiaugiatio; adhasier apA iksoaisi fogmatien on the
5@é Io %gqu‘gzl L41S6448 Mhrhhe q?l g% Q:%&Qi‘éﬁgﬁftédlr?éf %’oﬁﬁnn tissue,

agen omatrix 1s car ng spi nal
Sldugiamatelz} anthepmt heweaonca diamgmab aoimpriaing thehetep af providing,

rmltllaeredclla r t t
ceprding,) ol caspriinendnt: J8hle oMRCH nBaPoiefs fricroscopically
cehliflapered doiggeerfeit biomatiet.l s t her eby inducing new
tissue growh. 5. The nethod according to claiml,
wherein the nultilayered structure of the

. Wq*hb'rhéﬂﬁgaqﬁ cFl RAARerERi thebh&mRidl iXa BURRS Beihe

gr owm cells on the surface, and the in-growh of
ceIIs in the interstices of the nmultilayered coll agen

t ﬂ'lge dirﬁgﬁgi%céé%rd etroeé.lgln{ tie\l\g‘l%ll'élﬁ tﬁé %‘5%? lo?%B\%jn e(i QFB separating

ONsSI St Png of repair cel regen
cehd sisse withea meinhpsroas analtilaygreéd collagem il lwbmamm ig barned out
mul tila er?d collagen foil biomatrix is reabsorbed
afdriPe sBtE! 8W9ERY-0 natural tissue during the in-grow h
of cells selected fromthe group consisting of repair

cell's and regeneration cells. _ . _
The method according to claim 1, wherein the multitayered collagen foil

biomatrix attracts cells selected from the group consisting of repair cells and

regeneration cells thereby inducing new tissue growth.

The method according to claim 1, wherein the multilayered structure of the
multilayered collagen foil biomatrix directs the growth of cells on the surface, and
the in-growth of cells in the interstices of the multilayered collagen foil biomatrix
wherein the cells are selected from the group consisting of repair cells and

regeneration cells.

The method according to claim 5, wherein the multilayered collagen foil
biomatrix is reabsorbed and remodeled into natural tissue during the in-growth of

cells selected from the group consisting of repair cells and regeneration cells.



10.

11.

12.

WO 2007/ 137839 PCT/ EP2007/004791 35 7. A nethod for
treating a disorder in a mammal characterized by a

woQedaisr836f a tissue selected fromthe group ®CHEIPANTHGHTI1

of spinal cord and dura mater, and the surrounding
tissue, conprising the step of providing, covering and
separating the tissue selected fromthe group
consi sting of spinal cord ad@ dura nmater, with a
bi of uncti onal non-porous nultil ayered col | agen foi
bi omatri x which directs cell growth within the
interstices of the nmultilayered col |l agen f oi
[ , acc r 0 e
%ﬁﬂ{%ﬁ .)f? ?{mﬁcéﬂnﬁfsggcgenr %mgl éﬁ’gnn%'t cr?alrgbf@r&gdwlé a&ect of a

tissuwe eélecw‘d from th@l d|r0\ap rRYnsisting @f spitlabcortiahd aura meater, and the
roug@conSJstln bovi ne ci ne,

BT R@R0 Hsauts Seripesing HhF Sl SlsroTing B NG AN SEAgyating the
fissyd8ERicRed B g}cﬁ»bee@fﬁslﬁmgl @angpté@ S’h@fmﬁé infater, with a

is attached to the“tissues of the mamml using a
bidfunctionehingntporeos mulsilavereth ¢obager écplhwbmmmﬁ@(r whight Huéects cell

B R el Bl BBl BUBIRLBF it

and on the outer surface of the multil ay_ered col | agen

B malseAadcsraind o a8, L B BRnbl Eekfs Bifagen foil bomat
?@B@Wéﬂ“ﬁo@%@bﬁﬂﬁ%ll&ﬁln@fstr&isP%IéctE@ 'freth |tI5)é1 grduPconsisting of
manmal wherein the conposition consists of

Po¥iNgs pofsing aaying. humagn eqliagen @nlddgk%(FPrﬁélﬂl‘erSPBrmt rix

wherein the multilayered collagen foil biomatrix

directs the growth of cells in the interstices
El'daEV\Hmhhd)ma)fcollalragénwm'y@nsthmmtéiilayeﬂed collagegefioilss biomatrix is

SEREFAEED brdms008 of Ble Al Y 8 R el 0V e

t her eof . 12 The use of claim 11 wherein the adhesi ons

are post-operative adhesi ons or = adhesi ons, caused
thaumgthade af slaimef.i whewin dhe gelliingnewih isAisesisAsn % interstices

%%Wvé AN g’o?'?ﬁ@%ﬂlg %’d ﬁlﬁa@?@ foThl‘FnoE%QmPfanel & The outer

erelnthenutl ayer en foi mat ri x
durfece of thel hultilayered collagen f0|I blomatnx

Use of a composition in the manufacture of a medicament for the prevention of
adhesions and prevention of fibrosis formation in a mammal wherein the
composition consists of a microscopically multilayered collagen foil biomatrix
wherein the muitilayered collagen foil biomatrix directs the growth of cells in the
interstices between the collagen layers wherein the collagen is selected from one
of the group consisting of bovine, porcine, equine, or human collagen and

mixtures thereof.

The use of claim 11 wherein the adhesions are post-operative adhesions or

adhesions caused by trauma such as peridural or perineural adhesions.
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growm h between the interstices of the layers and on
the surface of the nultilayered collagen foil
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mul til ayered collagen foil biomatrix creates a
primary |liquid-tight seal and separation |ayer. 15.
The use of claim 14 wherein the nultilayered coll agen
foil biomatrix is snooth an86 substantially

non- porous. 16. The use of claim 14 wherein the

mul til ayered collagen foil biomatrix is snooth and
non-porous. 17. The use of claim 11l wherein the

[tilayered Il agen f.0il_ hi.omatri x (.s.re o

i Use i 1 wB9RR 7% m PHBTRIE Ealsbeh@gRGx directs cell
grawth betwber eihe tifterdtideti baypeethyers | ahd ooRt tHex susface of the
reabsorbed and renpdeled into natural tissues in 14
muftilayared colager foikbiomatibm 11 wherein the col | agen
foil is derived from equine collagen. 20. The use of
claim 1l wherein the conposition is available in kit
fldreruse of claim 11 wherein the multiltayered collagen foil biomatrix creates a

primary liquid-tight seal and separation layer.

The use of claim 14 wherein the multilayered collagen foil biomatrix is smooth and

substantially non-porous.

The use of claim 14 wherein the multilayered collagen foil biomatrix is smooth and

non-porous.

The use of claim 11 wherein the multilayered coliagen foil biomatrix is reabsorbed

and remodeled into natural tissues.

The use of claim 17 wherein the multilayered foil biomatrix is reabsorbed and

remodeled into natural tissues in 14 days.
The use of claim 11 wherein the collagen foil is derived from equine collagen.

The use of claim 11 wherein the composition is available in kit form.



