WO 2007/137839PCT/EP2007/004791 1 METHOD FOR DIRECTED
CELL IN-GROWTH AND CONTROLLED TISSUE REGENERATION IN
SPINAL SURGERY FIELD OF THE INVENTION [0001] Thelprese nt

WK elates to a method for preventing post-surgical Gf T/EP2007/004791
post-traumatic cellular adhesion on the surface of a tissue selected from
spinal column tissue, dura mater and spinal nerves comprising the step of
covering and separating the tissue with a multilayered bioactive and
biofunctional collagen biomatrix foil, and to a method of directing cell
growth and tissue repair and for treating a disorder in a mammal
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multi ayered collagen foil biomatrix. The methods of the resent invention

prevent peridural ﬁ%@ﬁ%ﬁ%@%ﬁdﬁé@%&ﬁ%ﬁ e formation by

providing a biofunctional matrix for directed ingrowth of cells and

controlled tissue regeneration. BACKGROUND OF THE INVENTION
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after spinal surgery are FHER R AR BRRTARY side effects of said
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"Association between peridural
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adhes¥PRAACS:ar tissue formation by providing a biofunctional matrix for directed in-

growth of cells and controfied tissue regeneration.

BACKGROUND OF THE INVENTION

[6002] 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 carboxymethylceliulcse 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 Pear]
1: 16, 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) 51-860, (1999); and, Ross et al:"Association between

peridural scar and recurrent radicular pain after lumbar discectomy: magnetic resonance
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Study Group." Neurosurgery 38:855-863, (1996). In these examples, a gel

is distributed in an uncontrolled manner in the application area and once

WaIBNEEE 3@ gel distribution cannot be easily manipulated cHEGRREHEH04791

Further, these anti-adhesion gels have limited success as a barrier and

have undefined layer thickness. These anti-adhesion gels have low

hemostatic properties, if any at all, apd provide no wound healing support

functions and do not direct cell growth and tissue regeneration. There are

even reports of increased rates of CSF (cerebro spinal fluid) leaks
evaluatioruirgif @ uBctiomsait el w serof ADEBEMNok lidely, 83 B58-358ydn82E). In
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followi atio anti-adhesion barrier gel: case report and review of
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BilatdPy RAGIN P hbtsrkasrengogasanotnaue gé@g@d@@ﬁ:kmemt&@n@b a chronic
elast And du to the fact EN PL

atth rief is porous, i
oo S L BRI el Wy LT B o
ADCGiiteaeduddse ACHEPHBIC fs@@hRﬁ@E’h@M&S a‘b}sﬁrbgogem D.

E., Diieednyhichgande ultMInﬁ!brla@a@%aéat@Iama eyoQleiatee R. B. (2001).
Ume%%t{r\lo% sis of ad esion formations and its porous structure promotes
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the ufipftisRiSSue fofmmenr28{rid tbldhetasnssidtitbdie regeneration to
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formation in the tissue healing and regeneration ocess following surgical
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DURW absorbs blood which can results in fibrin bands that piay a key role in

the pathogenesis of adhesion forrmations and its porous structure promotes non-directed

y at all,

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



[0006] The present disclosure is directed to compositions and methods of
preventing post-surgical or post-traumatic peridural or perineural adhesion
and fibrosis formation, directing cell growth and cell in-growth and
controlling tissue regeneration after surgery or trauma by using a
multilayer collagen foil biomatrix to cover and separate tissues such as
spinal column tissues. Spinal colunin tissues include those such as spinal
canal tissues, dura mater and spinal nerves. The methods of the present
fissue HISEIoSUIRMAY hesad, for.example of Wing RRIRR SHIgeTyial camameniak ura!
“e.g., a human being, comprising the step gf Qoveringgpd%ﬁagggg%ﬂga§ and
adhesigR SpIEMATATA MG dSSE5I SR RISy & BGilEGeR Toif Biomatrix. 1n orie
traumafXampie-ef theabavsemethodztiemulitaybredheoilagerpfolisbibrnatiggodeing,
regenetiag ts calls selected, or sIRS ghaunLo nsistingelrepair celle,ad and the in-
°g® regen’era{‘uon Gells Tn ancther example of the above method, the
growth miltelés cred whigbtarésorTRat RN AR oAl TR FPBiBHTIRY Birects
the cell growth on to the surface, and the in-growth of cells such as repair
_. cells and regeneration cells and is remodeled to na Jissye. after.said.
jO00s] iﬁ-%w?hfanﬁ]isofﬁgab%{d.l Urther {ﬁe'g\rég%e%\{‘ d%c oﬁ‘r%ére%af}to%@?ad f,m
sreventhethogfortoeating adisorleniiia peiive eharaceriZe P By aaf8efof>ros s
and dia’tgﬁéﬁ inal GolyDRLissHe. SHmelisinaitBestensHavering anghsepaating:tional

said tissue arid/or a surrounding tlss_ueiwit\h a n}ultilacyered collagen foil

collagesidpidiit i BroRYab IRAIGRPA BhcSRTENET HesUe ormation. [0007] In
using collagen based compositions therapeutically, collagen based
compositions are usggkb{l@gg@@ived as foreign by the host and often
encapsulated. Therefore, recellularisation and remodeling to the
respective anatomical tissue does not occur or is impossible, there is no

10006]diragigaeall dRcgrandh anera contrglostithe rehertraiof progsss and are
o5 A oSt AU P B RLAI o e e CroUlooLTe A formation.
directimgerabreme (e andspHidnraeemirane) forelihing s urHiBartFE i By oY
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used, HIPEOSRIS R¥IFENaplkdiearive andsHRrats thegremadelmngmiitiae comprising
the step of covering and separating the tissue with a microscopically multilayered
coliagen foil biomatrix. In one example of the above method, the multilayered collagen
foil biomatrix altracts cells seiected from the group consisting of repair cells and
regeneration celis. in another example of the above method, the muitiiayered structure
of the biofunctional coliagen foil biomatrix directs the cell growth on to the surface, and
the in-growth of cells such as repair celis and regeneration cells and is remodeled o
natural tissue after said in-growth and is resorbed. Further, the present disclosure 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 fissue with a multilayered collagen foil biomatrix in order to inhibit



tissues, For example, two weeks after implantation, the multilayered
collagen foil biomatrix of the present disclosure is already well integrated
into the restored anatomical structure of peridural tissues. Further, during
and after surgery, the nonporous, fluid-tight (e.g., blood) multilayered
structure of the collagen membrane of' the present disclosure is capable
of preventing uncontrolled distributio#t of blood (e.g., fibrinogen /fibrin) and
necrotic material from the peridural wound areas, which are responsible

orting.. ifions of adhesion formation in the initial time period _
Uncoi%%eﬁ%u%%%%ﬁ%%ﬂ%ﬁést to porous compositions). The collagen biomatrix

of the present disclosure also prevents direct contact between the dura
mater and the peridural wound area, the primary area of the scar _
(0007 %mation and fibr%sis. his contributes also to the controlled remodeling

ahatomical St LEHIrEs WP GeERE HirRh &RbRSS  Jifssiftrolled
compeglfiesiorrandsthr jernsation antbpegidanalfibresisardaci@0takiaaaed.
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regenenaltilayered colagendoiidiomatixavhereinthesmultilayered coliagen foil

biomatrix.directs the growth of cells in the interstices between the collagen
contrapl 2 muféf y emasﬁé?]é%%égoéﬁl% f%”%aeuf@(c?g FrBTH Bha ST GSUE Bonsisting of

Faiyers wherein

MembpRif ¢ SoreRie2lehaine B Nt collagenabid miktareshermgfseparation

layer directing cell growth within the multilayerad coltagen foil biomatri and on the

surface cf the coltagen foil biomatrix. Rather than acting solaly as a barrier against cell

growth, as most anti-adhesion compositions do, the multilayered collagen foil biomatrix
of the present disclosure is extremely bicactive and supports the remodeling of the

tissues. For exampie, two weeks after implantation, the multiiayered collagen foil
biomatrix of the present disclosure is already well integrated into the restored anatomical

structure of peridural tissues. Further, during and after surgery, the nonporous, fluid-tight
(e.g., blood) multilayered structure of the collagen membrane of the present disclosure is

capable of preventing uncontrolled distribution of biood (e.g., fibrinogen /fibrin} and

necrotic material from the peridural wound areas, which are responsible for supporiing

conditions of adhesion formation in the initial time period after surgery (in contrast to
porous compositions). The collagen biomatrix of the present disclosure also prevents

girect contact betwaen the dura mater and the peridural wound area, the primary area of

the scar formation and fibrosis. This contributes aiso to the controlied remodeling of

anatomical structures with prevention and minimization of uncontrolied adhesion and

scar formation and peridural fibrosis.



100081 The present disclosure 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 WO 2007/137839PCT/EP2007/004791 5 surface of a tissue in a

mammal, comprising the steps of providing, covering and separating the

tissue with a non-porous microscopicdfy multilayered collagen foil

biomatrix. 2. The method of paragraph 1 wherein the tissues are selected

from the group consisting of spinal column tissue, dura mater and spinal
[006iaH, el pemsacsietherd oF Brardgrdphe 15612 dRemaIRstHACEI GroltRybacture of a

me(ﬂﬂ_’ﬁﬁ_&%@ ?ﬁﬂlﬂﬁ‘ei'ﬁ%@h@ﬁﬁ betpeentherayas abinedmvitiayeres callag@Brein the
corr{ggsﬁli%;n%%ists of a microscopically multilayered collagen foil biomatrix wherein the
multilayered 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.

{6008} The present disclosure 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



4. The method of paragraphs 1,2 or 3 wherein the mammal is a human.
5. The method according to paragraph 2, wherein the step of covering and

weeparatngsthe tissue with a non-porous multilayered collageniok:oo7/064701
biomatrix is carried out during spinal surgery. 6. The method according to

paragraphs 1, 2, 3,4 or 5 wherein the multilayered collagen foil biomatrix
attracts cells selected from the group consisting of repair cells and
regeneration cells. 7. The method aecording to paragraphs 1, 2, 3, 4 or 5
wherein the multilayered structure of the multilayered collagen foil

surfaQlOgIAH 6 AITRCts, the insgowh ol repaif anldegrneraion Salls Wit anfy and
on the surface, and within the multilayered collagen foil biomatrix. 8. The .
sepaiFfiftfoll Ackdttihg i h&raBPAPEYs ofEliREreiRdhe Miiltiiayeied collagen foil

siom&aitagen foil biomatrix is reabsorbed and remodeled to natural tissue

during the inzgrowth of cells within.a period of two to abaut fwelve wegks
2 T oo AT o B/t heoD CEndiEH (. oroup

consisitangeadonlistlervetisiom dire ofalee tolbvingldumess selected from the

3. ThETQRMEANFISHRSLPE HOYING . POKFBRIEMANG O RMAIAR eaUReeNiANRe interstices
mixtures thereof and is attached tg the tissues of the mammal using a

betwal N MR O ATASIAG B GrESRRTIAY AUREEEKs in mammals
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~multilayered collagen foil has interstices between the layers for directln% _
the tisgup grivth ARPIRCARESO M HEFYRIBTageleabIlal S IBIPBIS nTafAlrien oph&luring
spinal @etod of paragraph 10 wherein the method prevents post-surgical

8. Th%dr%gﬁigg%ccording to paragraphs 1, 2, 3, 4 or 5 wherein the multilayered coifagen
foil biomatrix attracts cells selected from the group consisting of repair celis and
regeneration cells.

7. The method according to paragraphs 1, 2, 3, 4 or 5 wherein the muitilayered
structure of the muliilayered collagen foil biomatrix directs the in-growth of repair and
regeneration cells within and on the surface, and within the mullilayered coliagen foil
biomatrix.

8. The method according fo paragraph 5, € or 7 wherein the multilayered coilagen foll
biomatrix is reabsorbed and remodeled to natural tissue during the in-growth of cells
within a period of two to aboutf twelve weeks post surgery.

9. The method according to paragraphs 1 - 8 wherein the collagen foll 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 atiached 1o 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 fissue with a bicfunctional, non-porous muitilayered collagen foii
biomatrix wherein the muitilayered coliagen foil has interstices between the lavers for
directing cell growth within and on the multilayered collagen foil biomatrix.

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



WO 2007/137839PCT/EP2007/004791 6 and adhesions caused by
trauma. 12. The method of paragraphs 10 or 11 wherein the method

wpteventssdibrosis formation on the surface of tissues. 13. Foerratioe ok
paragraphs 10, 11 or 12 wherein the tissue is selected from the group
consisting of spinal column tissue, dura mater, and spinal nerves. 14. The
method of paragraph 10 wherein the individual layers of collagen foil are
smooth and substantially non-porou%. 15. The method of paragraph 14
wherein the individual layers of collagen foil are

and adhesions caused by trauma.

12. The method of paragraphs 10 or 11 wherein the method prevents fibrosis formation
on the surface of tissues.

13. The method of paragraphs 10, 11 or 12 wherein the tissue is selected from the group
consisting of spinal column tissue, dura mater, and spinal nerves.

14. The method of paragraph 10 wherein the individual layers of collagen foil are smooth
and substantially non-porous.

15. The method of paragraph 14 wherein the individua! layers of coliagen foil are
completely non-porous.

16. The method of paragraphs 10, 11 or 12 wherein the multilayered collagen folil
biomatrix directs cell growth in the interstices between the layers of the multilayered
collagen foil and the layers of the collagen foil are reabsorbed and remodeied into
natural tissues by the host.

17. The method of paragraphs 10, 11 or 12 wherein the multilayered collagen foil acts as
a temporary spinal membrane directing cell growth of new cells while preventing
adhesion and fibrosis after surgery or trauma.

18. The method of paragraphs 10 - 17 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.

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, puimonary, muscle and tendon

tissues.

21. The methods of paragraphs 1, 9, 10, or 18 further comprising the step of adding
bicactive agents (e.g, piasminogen 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 multilayered collagen foil biomatrix wherein the



completely non-porous. 16. The method of paragraphs 10, 11 or 12
wherein the multilayered collagen foil biomatrix directs cell growth in the

wihigsstigasJpetween the layers of the multilayered collagendgil apgh o791
layers of the collagen foil are reabsorbed and remodeled into natural

tissues by the host. 17. The method of paragraphs 10, 11 or 12 wherein
the multilayered collagen foil acts as a temporary spinal membrane

directing cell growth of new cells whife preventing adhesion and fibrosis
after surgery or trauma. 18. The method of paragraphs 10 - 17 wherein

mumiéﬁgr%"%g RALE! 'i%?%?’ dofram ‘%ﬂ&:&ﬁt%? fc?é'i%""lﬂ%ﬁ@”!&%? ﬁ%&%CtSQtJJQéE the

egroupc nS|st|ngo ovine, porcine, equine, or human co
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derivestt 8 wherein tp ssue are? selected fg}om tf %Oqlroup consistin
© e (ﬁg%ﬁ'ﬁ OV Fﬂﬁ% u monary, MSti8 SRATENTRT 1dRUES, BT rife © Ume or
humamethiedsrst paragraphs 1, 9, 10, or 18 further comprising the step of

25, TRAAINGIORCHVE: aSRS 4619 PIRREHAAGRD ARIINAIAR) HOWHLREIR Siomatrix is

antibiotics, _cytostatic
derived from equing collagen.

26. The composition of paragraphs 23 or 25 wherein the multifayered collagen foil
biomatrix's individual layers are smooth and non-porous.

27. The composition of paragraphs 23 or 25 wherein the mutltilayered collagen foil
biomafrix's individual layers are smooth and substantiaily non-porous.

28. The compositicn of paragraph 23 or 25 wherein the layers of the multilayered
collagen foil biomatrix are porous and optionaliy the pores are interconnected.

29. 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
multilayered collagen foil directs the growth of repair and/or regeneration celis 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.

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
intersiices 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 fo
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.



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

WEIEMEN of fibrosis formation comprising a microscopicafl§ HititayHEa:
collagen foil biomatrix wherein the WO 2007/137839PCT/EP2007/004791
7 multilayered collagen foil directs the growth of cells in the interstices
between the collagen layers and on ghe outer surface of the multilayered
collagen foil biomatrix. 24. The composition of paragraph 23 wherein the
multilayered collagen foil biomatrix is derived from materials selected from
the group consisting of bovine, porcine, equine, or human collagens. 25.
The compositiomgipaegEpRie3wherathe prkiayess collagen foll
biomatrix is derived from equine collagen.

[0009] Fig. 1 is a SEM (scanning electron microscope) photograph illustrafing the
surface of a biofunctional collagen foil biomatrix. Collagen fibrils are clearly iliustrated.

Substantial non-porosity of the surface is evident from the picture;

[60101Figs. 2A and 2B are photographs taken under ESEM (environmental scanning
electron microscopy) conditions, which means near natural conditions in a slightly humid
atmosphere, illustrating the upper surface, seen from the side of a biofunctional collagen

foil biomatrix. Substantial non-porosity is evident from the photographs;

[0011]Figs. 3A and 3B are photographs taken under ESEM conditions illustrating the
lower surface of a biofunctional coltagen foil biomatrix. Collagen fibrils are illustrated in

Fig 3A. Substantial non-porosity of the surface is evident from the pictures;

[6012]Fig. 4 is a SEM photograph illustrating the surface of a hydrated biofunctional
collagen foil biomatrix. Collagen fibrils are clearly illustrated in Fig. 4. Substantial non-

porosity of the surface is evident from the picture;

[0013]Figs. 5A, 5B, and 5C are photfographs taken under ESEM conditions (humid
atmosphere) iliustrating 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 piciures;

[00158]Fig. 7 is an illustration of one embodiment of the invention, in which the



26. The composition of paragraphs 23 or 25 wherein the multilayered
collagen foil biomatrix's individual layers are smooth and non-porous. 27.
The comi)osition of paragraphs 23 or 25 wherein the multila&yl_ered collagen

WA BIGAE  ix's individual layers are smooth and substantidl h%i’r%;"ﬁ%’?gug.l

28. The composition of paragraph 23 or 25 wherein the layers of the
multilayered collagen foil biomatrix are porous and optionally the pores
are interconnected. 29. 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

biofuniicemicepieany drilithiaBrbd:dsIRGERT A BlotaRtdRRetem fgoically produced

defeculthayesadicellaganfotbgirdatmtdergrowtiy ofvepdir andiardegenergtionth and

contr&eﬁlilgs?etpf%len grshs ,SF]%E Wﬁr%UéRﬁng;O&éﬁsg?fJ@y&F MQ%%M% UG Bssue
Selected from one of' the group con |st|ng 0} Iovme, pQ cine, equine, or

to theyapian!cEHER SRR Amttsrisaherswes. 3. Tiie gseberiaeabrdph sgges of the

biofutthsrainhR adhesions AL ResLRRiFivafdne tess oS aehesipns—Rsseske of
by trauma such as peridural or perineural adhesions. 31. The use of
the Veaig%r :

gfraph 29 wherein the composition directs cell growth between the
interstices of the layers. 32. The of paragraph 29 wherein the collagen foil

[po165agtes PAMANsliaHiditightang celkighhraahPLPanienv33ndheiHSRIAtn the

_ paragraphs 29, 30, 31 or 32 wherein the collagen foil is attached to .
biofuilignal syliae04e'bPORR IS SAEhHBIB) SSa YL PREGE Yoot in the
verteparagrapnsi2® of3Bsvnereindte, doropksito prisvavaiabilesinkitftrmregenerating

wound tissue to the spinal dura mater and spinal nerves. In this embodiment, the edges
of the biofunctional coliagen foil biomatrix are secured to the interior surface of the

vertebra, in the spinal canal;

[0017]Fig. 9 is a sectional view of the collagen foil biomatrix one week postoperatively.
The structure of the surface is non-porous and forms a temporary barrier. Blood
{eryvthrocytes) are separated and did not penetrate into the multi-layered collagen foil

biomatrix;

[0018]Fig. 10 shows the coliagen foil biomatrix one week 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 um from the lower side

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



WO 20071137839PCT/EP2007/004791 8 BRIEF DESCRIPTION OF THE
DRAWINGS [0009] Fig. 1 is a SEM (scanning electron microscope)
“%hot%?ﬁggh illustrating the surface of a biofunctional collagen foil

Lollagen fibrils are clearly illustrated. SubstantiaPA&HREGSRE791
of the surface is evident from the picture; [0010]Figs. 2A and 2B are
photographs taken under ESEM (environmental scanning electron
microscopy) conditions, which meang;near natural conditions in a slightly
humid atmosphere, illustrating the upper surface, seen from the side of a
biofunctional collagen foil biomatrix. Substantial non-porosity is evident

struchebRf e pHGEHPAPRS; I[d0 117 mptesa Jatl BRyard i stsgftash Bt dkenmulti-layer
structwingerind bivheaadiionsidhustiating mﬂebﬁwr%ﬁagemcaablgﬁ.tmgﬂ@nmhe spead

IIa foil biomatrix. CoII anbI’I|S are ill srated staptial
of the ‘ﬁeg%ef%s t}g 0 “%%e sgu aac%cls eV| %rom e p.%‘t”uréf";f’f %ﬁ % P%ﬁtg 15
timess‘EM@h@tdgnaﬁhdm@étr:&thetgunﬁacedofcaﬂhydmwmmm&mm (“F g. 107).

Mm;n‘%&'kﬂggﬂﬂ‘i’&t&‘?mﬂﬁﬂéﬂ&no@ﬁ%é RIS BBy rAUSIRR dpFdBebs;

Substantial non-porosity of the surface is evident from the picture;
[0013]Figs. 5A, 5B, and 5C are photographs taken under ESEM
[poz@onglitians{bwmisbaipesyiversdissifatingethe estmsisebtiorf"biZav") rabbit with

magrfRiR gg@%' \QRHZ%{QC}HH R@Oé@%mqﬁ%gug}ﬁg@ [OMRE13 ARIGEN S IEoRn foi

stack sheet very tightlytogether. Interstices between the
bwmg{ng&qgw@rgr@w@g%elﬁé Ri#ea mater and the dorsal wound area and

provides a bioactive multilayer structure which is nonporous and fluid-tight to blood;

00211 Fig. 13 A shows a NZW rabbit 1 week postoperative; Magnification: x 2,5; HE
staining. The multilayered collagen foil biomatrix is closing the laminectomy defect and
separating the epidural space from the beginning celi rich dorsai scar formation;

[0022]Fig. 13 B shows a NZW rabbit 1 week postoperative; Magnification: x20, HE
staining. The figure shows the contact area between the muliilayered collagen foil

biomatrix and the bone at the edge of the defect (a);

[0023]F1G. 13 C shows a rabbit 1 week postoperative; Magnification: x 20; HE staining.
The multilayered coilagen foil biomatrix is in the center of the laminectomy defect, The
multilayered collagen foil biomatrix is integrated and is separating the ventral epidural

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 collagen foil biomatrix is closing the faminectomy defect and
separating the dura from the beginning cell rich dorsal scar formation. Cells have not
penetrated the surface of the collagen biomairix. At the edge of the collagen biomairix

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



[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 ictures;
V3 h57137839PCT/EP20071004791 9 biofunctional cAifalER 800471
biomatrix is placed over the edges of a surgically produced defect in the
vertebra, and on top of the dura mater, in order to direct cell in-growth and
control tissue regeneration, thus preventing adhesion of the regenerating
wound tissue to the spinal dura mater and spinal nerves. In this
embodiment, the edges of the biofunctional collagen foil biomatrix are
(00258 Eisuréd kostramare P Blfanbl Womek saresetrtite Vsl oorsrigHs
stainily An IHuSHR0 8 RfraRatb erambo m@@u@em ivpation, lEwRisR e defect. No
biofunctional collagen f0|I bjo atrlx lag der a surgjcall pro uced
clear BERERDIR hE Y AHETE BV SRR TSRS FI A AR S dhnd
area. ddkegiongsf M]M'whwr&tlﬁgmund tissue to the spinal dura mater and
spinal nerves. In this embodiment, the edges of the biofunctional collagen
foil biomatrix are secured to the interior surface of the vertebra, in the

(00264 5igaf ¢4hah To6 Friabht &e Eﬁ(%%&BH%ERﬁ%WHﬁH’@%QﬂIH@%W%.F Bigmakrix
stamlﬁ@me’mﬁw&m%@eﬂ' hﬂ! $tewotine &f ey surfgeads Misspereusiandis

r

o RSSO UoB et Sepgatatild oo

with fah@%v§ trerchimge f@ﬂ%ﬁfaﬁn@ém W%‘R@r‘i@ﬁﬁ%ﬁﬁﬁi@ﬁaﬁf% human
patient (age: 18, gender: female) was operated in the interval of 7 days in

{0027&‘9 ﬁfqr%wg aro%tlgna%eggr ical tr atgoesné |Ie Syﬁ?fl ef otLII(%g nfog_i

atrix was |mplan epl ura urlng |rs 'sur ry prevent|0n of
stamlG{Sﬁxﬁemw@ammqﬁéag@@émj@gr@@rgxﬂséwbdlmwatﬁﬁbﬁmumw&ﬁﬁs

have Wﬁﬁré@éﬂ%@%&’iﬂﬂﬁ@b’ dhefaisdhs fropanigePbifieduarhienenmugelsof

dural implantation the collagen foil biomatrix is still mechanically t bIe
Sepafafﬁmmﬁs%%réssméﬁ‘ FhC o st (RERPBP IR EoNESE

colladeintriatrixiring caredyeek after

[00281Fig. 14 C shows a rabbif two weeks postoperative; Magnification: x 10; HE
staining; the multilayered collagen foil biomatrix is fully integrated. Tissue repair cells
have infiltrated the multilayer structure of the collagen biomatrix (a). The dura mater is
separated by 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 fissues, dura mater, and spinal nerves in a mammal, comprising the step of
covering the fissue and separating the tissue from other surrounding tissues with a

microscopically multilayered collagen foil biomatrix.



implantation. Fibroblasts have invaded the biomatrix to about 25 pm from
the lower side and are spreading in a directed longitudinal in-growth along
the parallel multi-layered WO 2007/137839PCT/EP2007/004791 10

W@t?ﬁ@(&?é@%nd are growing into the collagen foil biomatrix, difettédf BY !

multi-layer structure. The penetration in longitudinal direction is about 220
to 320 pm. The speed of the directed in-growth of repair cells along the
multi-layered structure is about 10 t@515 times higher in longitudinal
direction compared to the transversal direction ("Fig. 10"). Minimal
inflammatory infiltration, expressing the ongoing regenerative process;
[0020] Fig. 12 shows postoperative slides of a New Zealand white

rooaof NEZNMaRRE with-mrgaificatiahon 2@ with dbrstaininthasstabght invention is a
Exarréple |. The multilayered collagen, fo“ biomf'ﬁrix IS 8 %e aration Iaxer .
collaggagi eﬁ‘?ﬁ%edﬁfgsrﬁ"hfgﬁgnaqfﬁ@ oresAwo g ares and p%&’)l%%é gonsisting of
multidhéoteyiive of titayetaitiatiurewhiviis fohponmrseddfigeliagtn @blsdd;a non-
naturéﬂg%d&.&%né%ﬁtéw a N2\ rabbitih ek pesiaraiativeaMagaificatiamation

5; HE staining. The multilayered collagen foil biomatrix s closig the
WO MHPRHSmip ettt ah 2ty ThoemyLPargaeaaEd e 15 ﬁﬁ'ﬁ%m lts
entircegl Tich dolisgkscasiformaticriciOR?] kg3 BratmwsrayiZMArabliictunctional,
bioactifi HRANIRELANG, MAINIGR R0, JE S TORCUES SRR and
contact area between the multifayered collagen foil biomatrix and the bone
cell tightHerapgebf leigefreaigf, uncontrolled distribution of blood, fibrinogen, necrotic
material and damaged tissues. A defined bicactive separation layer between the spinal
column tissues thus initially shields the spinal column tissue and surrounding tissues,
one or both of which may be abraded or otherwise damaged. The multilayered collagen
foil biomatrix acts as hemostatic agent and inhibits uncontrolled fibrin bands formation
and distribution as well as hematomas, which are one of the main causes for fibrosis
and adhesion formation, in anatomical areas which are located beside or close to the

dura mater or spinal nerves.

[0031] In one example of the present invention the cells whose adhesion to the spinal
nerves and/or the dura mater is prevented by the method according to the present
invention are selected from connective tissue celis. The mammal may be any mammal,

such as humans, mice, rats, cats, dogs, efc.

[00321 The step of covering and separating the tissue with a muitilayered 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 muitilayered collagen
foil biomatrix attracts celis such as repair cells and regeneration cells and direcis their in-
growth through and on the foil biomatrix. The multilayered collagen foll biomatrix is

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



[0023] FIG. 13 C shows a rabbit 1 week postoperative; Magnification: x
20; HE staining. The multilayered collagen foil biomatrix is in the center of

the laminectomy defect. The multilayered collagen foil biomatrix is

Wﬁ]?&'&fr[é%gggand is separating the ventral epidural space frof e dorEat ™
scar formation; [0024] FIG. 13 D shows a NZW rabbit 1 week
postoperative; Magnification: x 2,5; HE staining. The multilayered collagen
foil biomatrix is closing the laminectemy 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

biomaisiaeh Bominscheyipmhgielivastionheraiingh of et drgiRtgina vivo and
is reﬂ%ggngﬁwgﬂﬁé!@@%éﬁ/%%/ é@g&ﬁﬂ%ﬁ/ BR20OANREINITHE collagen foil
) ig. shows a NZW r it 1 week postoperative;.Magnification:
biom 15 A T AL EB o L SO AR I IR U B ey ey be
enhatetinbgtdhey biefesttiNoatiyarhdnepordive supasdithethysi beswcireteand the

mum;s?gw&aétﬁm&% eHbe sl mawdhuea, JbemRengeiaaaked with
blood; [0026]Fig. 14 A shows a rabbit two weeks postoperative;

Magnification: x 2,5; HE staining. The multilayered collagen foil biomatrix
10032 3% Tully priegsatetliEidswepredairectils tielisg anfiftritigidtheroollage nbibenatreation

form¢ SAREL A RAPTEERAALR %mas&i%%%%_%g SelRdromdbsR6aknich

ormation and the remodeled collagen biomatrix 7]Fig. 14 B shows a
cells pshitasryRidexsplgcptiant eaMaiiFeafion. (e pevstalmagnisluctures and

nativéﬁ&dﬁt@ﬁﬂm@f@@@@f\ foilbiomatendsiubs piegratete Tissto depatbaghs to the
ve infiltrated the, multilayer structure .of the colla biomatrix, The dura

prosai Y0 ba o By ROLE LR VI o SRy e aeat s rous.
layereghdsthecteraodbldtecoltiiganbidaiathinreait: [CO28IFis 1 shavwwth of cells,

vaschBRRL MR VeeKSIBRsIARRr alVe el %lig?@HogﬁrM?e@ Eastaiingietheliagen foil

o Mg e, S A P Shres
randduranatesds separatedliey loobdaissugonith ftloelisdvonh ehdafeat, the directed
in»ng%W%%nrgggn@gtfgﬁ”W%%dﬁgimﬁnﬁi%qg%ntion prevents the formation of
adhesions and fibrosis, maintaining the separation of the tissues in the spinal column
anatomical structure. Thus, pain and complications associated with peridural or

perineural adhesions and fibrosis are avoided.

[0034] The phrase "covering the tissue with a multilayered collagen foil biomatrix”
means, in general, bringing the tissue into physical contact with a multilayered collagen
foil biomatrix. In one example of the present invention, the contacting of the tissue with a
muitilayered 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 biocompatibie and
biofunctional material) of native collagen fibrils treated to remove non-collagenous

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



DETAILED DESCRIPTION OF THE INVENTION [0029] One aspect of the
present invention relates to a method for preventing postsurgical or
ost-traumatic peridural or perineural adhesion and fibrosi '
WELIAERR of spinal column tissue, including tissues selegé%fpﬁgﬁ(g%l
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 tissueg with a microscopically multilayered
collagen foil biomatrix. WO 2007/137839PCT/EP2007/004791 12 [0030]
The multilayered collagen foil biomatrix according to the present invention
ona ﬁ&%@é&@ﬁgﬁ%ﬁb hEAVE RS RGO SO BIENIg S TR P BicPAR R 25
bovindopgising st multiptasiay e s al:arsubstagitiathy sien-foroasifeit comprided afous
collagen fibrils in.a non-naturally Qccuri i iX,.e.8., as.d ibed.:in..;
Comp?ﬁgr%r%teranna%iokrs?al fﬁé’f‘%n? aﬁ’;‘)ﬁ%ﬂé’% \/%%%ﬁoﬁ% th\gr%isg%s%%c‘)gw%i{gﬁmag
charadterietiewitFipasiraendeibyinsetancd tHateTertrstpvPRECLIRgRRSIBITIRIY O
poroufCEOHRG R HisdreseBhinveiiepdshieikIastepal, bioactive, mechanically
stable, elastic, non-porous and fluid-tight, especially blood and cell tight,
temporary barrier against uncontrolled distribution of blood, fibrinogen,
[6036hetotitenatSbiakand daliaged tisslidwraiti eitndeebioarivé sépéardtiefynctional
muiti14(%@331%5}”5897g&%{%ﬂ%scﬁ@{@ﬂé'ﬁmm%%ﬁ%%ﬁhﬁ% 4h@ssRinabrils that

umn tissue and surrounding tissues, one or._both of which, mg%/ E?e i
are regpeairas GrsthaNFRE RIS REYSTH P ARIREL IR P ORGSR FTEIbATat native
collagahtmashemestaticiag ot andrinhihitathocoiridiigchfilsunibamds dosmegioimciude
m;graﬁ‘é}? df'?é”%%‘rt%’”da{%%%'é% DEDAIONAR, WG AR A I IBRHAEAISESS the

SFfibrogis and adfesion ormation, in gnatomlcal areas which are located
multi-lpefee citieieisteo e ditfa AERRY RS ShASErGEERRYYIEr I TEHE e RYnipfe CONS
includfdher PERRRIM AN e it IRerealS suhagenatbmsion to the spinal nerves

and/or the dura mater is prevented by the method according to the

present invention are selected from connective tissue cells. The mammal
[0037MdyeepngsnainTahsuckins suawang, hireafdls, éstsuEsgsheteinoosgns
manu%_a}&ﬁ}%ﬂpn%tﬁ@’@f IRgABL SRPESAINGINE Aiake WilBRMBBHRY &sefed from (i) a

biofunctional collagen foil biomatrix maB./ e carri§d our%dugingghemwsS din a
materiph SRR P AR UHE ST YEALOR GIHAGhiNAT KGR SR 8 pTRar
mannéaiumm_icth dfw@nagmig’ibfimeqnm in\tbatim‘tpthk?r‘sgépria‘l mv@rmgeamoved
or rep%%%%ﬁé@%gﬁ? HesHe Nt R rprlilaxered-cnYagrn fokRinalriomak b etructure

carried out during spinal surgery. In another example, the multilayere e
ofthecomagRIaIPERIN I ARG EUNE ST Yopalh G lead FESHB Ry o

mater®!ISsa88 diseatsréasiningsowindrsosiyveatkondhefoildsioedatix mMEmépulate the
arrangr:s]auu(—lzln %%e‘iglé: Oé%%egrégoﬁbggpsmég}x éﬁgﬁgﬂs%bﬁgﬂ%‘ &%ﬁ? dc?é&ﬂ’ttlﬂg biomatrix
atural tissu€ by in-growth of cells. The collagen foll )
may be formed from starting material comprising collagen that has been mechanically or
chemically processed {e.g. grounded, chopped, efc.). 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



WO 20071137839PCT1EP20071004791 13 biomatrix acts as a bioactive
and biofunctional scaffold for cellular in-growth in vivo and is replaced by

mammalian tissue during regeneration and restoration. The collagen foil
WBiGH A resorbable by the mammal in which it is implarfteb“ A&7

property may be enhanced by the biofunctionality of the native
cross-linked collagen fibers and the multilayered structure of the collagen
foil biomatrix, as shown in Figures 5;56. [0033] The process utilized to
produce the collagen foil biomatrix used in the invention forms stacked
layers of collagen fibrils. Between each layer are interstices into which

compeishs hd-vaseeiitu s Biatsgsaitertesstigratealrpron iy tonggamele. the
coiiag%W?@ﬂé%%ﬁ@rQ@Hﬁ@;ﬁ%‘f@éméﬂQ@&i%@nﬁ:‘@tﬁbaﬁ@}i@%wmmﬁhﬁng of

method acgording to resent invention that the biofungtiona tiv .
e SR BEHL A O B L, TR G W A oer !
biomdtibmedrix frraotesting sa-grovettiof oS \Rsselariie aAdareMbrigalign or an
additioE 16N SUBHeRSHUGHATRSATeRS iRy ipgathipibRigmatrix and in the

interstices that exist between its multiple layers. As compared to random,
unguided, non-controlled cellular in-growth at the wound or defect, the
[oozgliravied insgeowidt andieegenetatian is tsebsiethitaly oftiregovartioriihe phrase

=-sub£é%%gwt$&gﬁg%@mti°&0&&%{:&&%&? @@94@{9&8@9%@@%@% present in a

separation of the tissues In the spinal column anatomical structure. Thus,
collaggiirfeihdieaiapitcasonsassdoelaeerinitatioarrfural 8epe el dPdBs gl iagen

sheetaaﬁfefliaﬁ%%@r%ﬂ@wéaeﬁ?ﬁgm Afh@twas@e"m@ﬂng]éh@oﬁssmwﬁhmed in a
multilayered collagen fail biomatrix’' means, in gener inai iSS
menr e R S R AR SRR ST S A DA

createstangsiénofih e Pragemici iamal xHa ¢ oatdedieg ontiee e 3@ Rithad the present

inverfitiayeredaollaganiol RipmakbnaesHis N ebippliseiadionAf waiddalk visible
~ Examples of the positioning of the multilayered collagen.foil biomatrix are_ on
using)| ds PSR IROFIBIERISY BB p??é "Hﬁﬁﬁlgﬁé%ﬂcéf%?mm%ne ec

gen
micrdziespatpictarictilagete Hiemairigwmoisalizigen $bith asosagkhddimivmalix as in
Fiquid bgonhatrix (i.e. a matrix of biocompatible and biofunctional material) of
igures 1 - 4. -
native collagen fibrils treated to remove non-collagenous components and
to form a sheet of collagen fibrils with a multilayered laminar structure

[0040V[@ 3RO HABGIRAEE DIER200HOAYIN9antidn, the collagen foit biomatrix utilized in
the present invention is a non-naturally occurring multi-layered collagen membrane
consisting of layers of numerous multi-directional intertwined coliagen fibrils. Thus, the
collagen fibrils are arranged in a multi-directional fashion in a plane, and these planes
form sheets, which create a multi-layered structure. An illustration of a dry collagen foll
biomatrix may be seen in a photomicrograph (SEM), which illustrates the surface of the
collagen foil biomatrix in which collagen fibriis are embedded (Figure 1). The coliagen
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

coillagen foil biomatrix in Figure 3.



on a microscopic level. The multilayered collagen foil may be from any
source, such as bovine, ovine, porcine, equine, or human origin treated to
remove non-collagenous components and to form a sheet of colla
WS “v]“t;ﬁ the same physical characteristics. The coIIagerF foil Bid ‘%1751‘{?'32%1‘
the present invention is substantially nonporous, as determinable by
scanning electron microscopy. [0036] The term "biofunctional” as used
herein in the context of a biofunctiongl muttilayered foil biomatrix means
that the biomatrix consists of native collagen fibrils that are recognized
and utilized by the cells of an animal in a manner similar to the native
collagen fibrils in the animal. For example, without limitation, such
{0@@%Wonﬁcmyuimﬂmﬁemﬁ@maémﬁgepﬂmmdweger@mﬁmﬁlsﬁmgaman the
I tr I
muitlpl?éq%g AL Q %ﬁ%ﬁ%%é!% gl@agq‘ép S H'i%h?i%ﬁefz ; l"/cé &C?é}% ﬁ hydrostatic

new extracel rmatrlx ) SII"IC Ing, or repilacing,

pressifg, tﬁﬁﬂm@i@%ﬁ gonageiremsthsvthos g lesEpisPuAdA-giamerous parallel-

orient@BOHHND gEIRtbA! @y’éﬁ@@ﬁlﬂ@kﬁbm@ﬁﬂ‘@ﬂrﬂ%&ﬁ%ﬂ% Méﬁﬂrss suitable
framework com i?@g tiye coIIa%en flbrll formed rom
A

for tepatatlyi FERIAGINT 178 PRl %d?ﬂ‘i‘ 2HELH 7 aeif)‘%? a7 pr8c 6%8* after
coveringaandmmeviteshidhofive doited driofilatrixcertiitie don abié inagrralimbte fiaming a
new tRAVE. BeRNMAYRd aggé?eeéw@efff%?@@m%%wim%%ms the liquid-tight

arranégement within the co Iagen structure of the natural material; or (ii) a
charagiefisfigof dre kRIA%S T AARIPE 88X a non-natural, artificial material, such
as a recombinant material) treated or processed to manipulate the

gooaz@%ﬂﬁ&rﬂ%“ L&E%r?%ﬂg B E%@B@W&ifﬁtﬂ{‘m&@”%&% Ué‘%gexfst

iomatrix may ormed from starting material comprising col'agen tha

betwaesstpr &vare dhsrllagRndiientialrp ae%igé@l@*@t@fdﬁﬁaé@%fﬁe@ stack
of paB®)whaeliagrithigmpiric thabisaramedsiunthetteananioupr asrsSiNGpace

betwe%fnts teaartl %}mgitev\?fllm a m% A I,‘Jg%tnp es eﬁrx tt ggsstarsuef tur;?elrof troenounced The
atura rrng collagen meworkK Is no a non-naturally occurring

mtersbwmémzo(eag refligernahessihe tﬁ@élmwfmhim@@@ularmmwer near

naturdY g REIRPENANY ;%ﬁu}d QEFHLING OHBGE R BLIIEEHIE) W Qterstices of the
2007/137839PCTIEP2007104791 15 co rgnsed of. conngctl e tissue

cotlagsn, feihLiosRdiiiRd WelaHRg dh RIEHE T SRSRPIEINE SRR a%%%’oi‘ biomatrix
in a Hiondastixosakdre toffiprsed.chcaddidctivie issuefingteins odrgisingaferty, the
numeTcylPse Lfgpgt?eg%rﬂ.é%@@ ﬂm@%ﬁgaew beingsomerisedRf coiagen fifiSsiomatrix

he collagen foil biomatrix can fdrther comprise an excipient, a

S=mu'wﬁau%rv§ @r%\ﬁ/tﬁ"ﬂi’&'dw%?“ér%ﬁﬂf{?\?@’fﬁhﬁéﬁ@ﬁ‘u fhe Cffé&fawwﬁa for de

novo etasticittioh bratinabpyadoeh [2288] Each layer of collagen fibrils is
substantially non-porous. The phrase "substantially non-porous" as used

herein means that any pores that are present in a collagen foil biomatrix

[00433J aerebanast reeipitaiohio? collagen Mimiopasnyedotgerinpéethgoresent
invenBbiM&ilyrisalatedfegmyene anathalydheROres asat intersomecirRpicament
manner that trav? séegs the thICkrl;Esga% he %)Ila? {ﬁoll Mecc{’ %?lcal " bein
ProdustS SR ETE: TR BIR TS THRRE AbARG BFTEI Bt MiAR M & WAL being
hyaralatbﬁr@éngmpdze!mpp@s@abmmwnaﬂe’mmatmrammgaasu@mno problems
of swith aepaé%a‘ﬁ@ﬁg’ffeﬂa%ﬁﬁaa{hwoe%g%tvwmemgl%%ca@ﬂw RRFURIY and

microscope at 1500x magnification. Scanning electron microscope
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numerous multi-directional intertwined collagen fibrils. Thus, the collagen
fibrils are arranged in a multi-directional fashion in a plane, and these
planes form sheets, which create a multi-layered structure. An illustration
of a dry collagen 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
crirfacre annearce emonth and cirithetantialiyy non-noroiic (Eicrira 2)



WO 2007/137839PCT/EP2007/004791 16 [0041] The unique orientation
of the collagen fibers in two-dimensional directions in the multiple layers is
W ggs?rlly responsible for a liquid-tightness, even under high hlyd}rgsﬁt%})j&:m)l

%res ure, *&nd provides great strength with high elasticity. BLEEAE
numerous parallel-oriented thin collagen fibril layers of the collagen foil
biomatrix, this material is suitable for temporarily replacing the body's own
tissue in closing and separating thedefect after covering and provides a
biofunctional biomatrix scaffold for cell in-growth for forming a new tissue.
The multiple layer structure of the present invention enhances the
liquid-tight characteristic of the collagen foil biomatrix. [0042] While the

(00448 ol agendedrbenaitrikd psedzsthimtiahfionnipoduskinte stivesibxistf the area of

the d Yﬁ %ﬁhi% Hygfﬁﬁg 1)994'@"9%@4}%%% EQSL&O@EGEQ gﬂ%}%ﬁ%?ﬂm‘!@n completely

us to a stack of p g\%s wherein each page is substantially smooth
hydrami H@rﬁp%mrsemﬁ% HervebiNsaSpagle st dRi iy tormpy vary
beméél@ w@JSUQ% Rrawpore DWW@SmEMQWWﬁ@@dD%W&r{ﬁ@U@EHmpiB the
coI en foil. bomat iX is obsery under near pgtural con
area % qlg Iyﬁ d'a moép r%arét aé“faésdgce?r%ln X ﬁ1e n?te%? Lées 0 tﬁq %QP when
compdtibgeydfeledionmtexasifasiRacian piceedrpiooiegsadeildnerorulligepases

no mdpd PIamalhx:in adisnidalnashhpradr Rigikaes. In addition to promoting a

liquid-tight property, the numerous parallel-oriented thin collagen fibril
layers of the collagen foil biomatrix simultaneously serve as a
[0045hibequivalemt o frittopaisscaffold fiv T dihinagitgem fion déontaipx increases up

to abgeﬁéﬂémgm&f&}etmwésewaﬁﬁv% &Q&éﬂe@& chanasin N%JHHEﬁe‘PféQEmp!e,

col agen foil biomatrix used accord ing to the present invention is small or
the ctiaappnielpiemalbh RetEaecoHir 48t %%r&u‘é%ﬁlé@eﬁ%ﬁf‘m whgo tis
compRabiRgeydtelebiomatusubsiantialy tetaiotdtssizeiandsbaicnmpeasheing about

wwice [RGB excelnLshians siARliveven after hydration, and

causing no pro ems of swel g Srsh ing following the contact with the
tissue. Once hydrated and implanted, collagen foil biomatrix does not

[00463FRIEICRRIMPaNEhercenBEACH @mgmw@km@@smbqoee@am thaériii:on may
would tear surgical sutures or bre pé\\}t fibrin % r other bI?CC%mSQ '1{ ble  ierial
vary g, FGUIRUEN RoRr N LB S5BI R Blo beaibd WY

|oma rllx)}( ﬁe pa?lents tlssue
ut:l:z@%ﬁi@ﬁg&g@@é’rﬁ@@@ﬁ@@ﬁﬁgﬁ@gn foil biomatrix can control the thickness of

the collagen foil biomairix. In one example of the present invention, the collagen foil
biomatrix used according to the present invention, when in its dry form, has a thickness
between about 0.01 mm to about 3.0 mm. In another example, the collagen foil biomatrix
has a thickness between abcut 0.02 mm to about 2.0 mm. In a further example, the
collagen foil biomatrix has a thickness between about 0.03 mm fo about 1.5 mm. In
another example, the collagen foil biomatrix has a thickness between about 0.05 mm to
about 1 mm. In stil another exampje, 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 mglem? to about 50 mg/cm®. In another example, the dry weight of the collagen foil



[0044] In one example of the present invention, the shrinking or swelling of
the area of the dry collagen foil biomatrix may vary from about -5% to
about 20% when completely hydrated. In another examplep the area of the
W‘&&?‘E’é’uf&%%n foil biomatrix may vary between about -5% to el
when completely hydrated. In a further example, the area of the dry
collagen foil biomatrix varies between about -5% to about 5% when
completely hydrated. For example, tige area of the dry collagen foil
biomatrix increases no more than about 4 percent when completely
. _hydrated. [0045] In one example of the Present invention, the collagen foil
biomaifgnis iwaER 2888 b tonmHiel tARRY iRl dRPIATIN B ARG SXamPple, the
dry welymplétely initiatedicintinatier exantpiesrtheboat dgen/foil bimatatrix20 mg/cm?.

. o Ahout 3 ti e dry thi < e
o (IEESEBIPLD SRCH IS U DRI ARl s 25
mg/cabiuekiide! fsaHEmickios Sxames itie coniprieh Hyarteliagsode] Pirmatnix is
netwdbBickpess PR dHageadel dipgiatii for use in the present invention

may vary as required by a particular application. Varying the amount of

starting material utilized to produce a particular size of collagen foil .
[ce48@ibmateesam@ertfdhthergtiekhisss oiahettellagiah ol Biermaltrigsmfohéiomatrix

incre 2AMRlaSLINR PR eRldOVRUR WIS HEAUAIe R falRIgMArXdaest example, the

according to the present invention, when in its dry form, has a t
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collagas iraBIrBis AR YRS R tRiBkAESS HEGFERPAIBIYBlES M iy date-

mm. In still another example, the collagen foil biomatrix has a thickness of

ut 1.0 mm ar less. [0047] The dry wei f.the col N foil b IXe
g b e T N S
has hilgb twikigesireiidbionhiex isprevescndbonretsdienzensimpaf S collagen foil

bsom-gﬂglcm% angther sxamplcathadnoweaiaht pfdhasolagenctels¥dOmechanical
.2007/137 39,PC,T/E|P2007/OO4791 18 . . .
stability, e.g., after its implantation. Additionally, increasing the thickness of the collagen

foil biomatrix can significantly increase the tensile strength.

[06050] The propensity of collagen foil biomatrix materiai to tear under exerted pressure
may be measured as its "ultimate tensile load" or "ultimate tensile force," hereinafter
referred to as "ultimate tensile force." The ultimate tensile force of a collagen 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 Newions/cm-sirip, for example



biomatrix is between about 1.5 mg/cm2 to about 30 mg/cm2. In still

another example, the dry weight of the collagen foil biomatrix is between

about 2 mg/cm2 to about 20 mg/cm2. In a further example, the dr Weight

W%F?ﬁ@’égﬁﬂggen foil biomatrix is between about 2.5 mg/cmzéféTﬁf(‘}gq7f}'§ N

mg/cm2. For example, the dry weight of the collagen foil biomatrix is

between about 3 mg/cm2 to about 10 mg/cm2. [0048] In one example of

the present invention, the weight of flge collagen foil biomatrix increases

up to about 15 times its dry weight upon hydration. In another example,

the weight of the collagen foil biomatrix increases up to about 10 times its
betwagy aRaght!upGAhdritiot? INGHERRF B &t Wah PEMRE L SRRy and
aboutf@h PiematibldRciaasasuponphobbiimestis.dfyandighbupdnbytatiom-strip.

In still another example, the weight of the collagen foil biomatrix increases

up to about 5 times upon hydration from its dry state. [0049] The collagen
(005 2biMbitariarixelnasaded bipg 4 ithegnd ssapiavehio HseperaallinHastniy has a

high {SNSIeSIERREh i WHIchHDRIGYES And sumnerishie angting ohtbecsalirossmits
foil biomatrix e.g. during its, surgical application and rovidea, n increased
the. cpBBRArOLISRIAIY EgoPURER W AR IRaSn AN AT ST CIEREA iy fdves)
preseifiekiesswftdod gadlagen foil biomatrix can significantly increase the
tensile strength. [0050] The propensity of collagen foil biomatrix material
to tear under exerted pressure may be measured as its "ultimate tensile

[0053h e ieitsabydereme $hiiGe, Mercahiasrn fofbhiainRiks ERinGeaslKipoved
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ﬁavmg a specified’wi ﬁand deter mu?g the amount of pressure appl.leg
biomatritt gssfilremaanurepel§. arshimiy drerupRasHig eftifeesragay fover time, cells

and PRRIAUHIpate tensietorerdugydee auantifiegiusingeize dollawinguitiayered

equation: "Ultimate Tensile Force" = force lied/width of callagen foil. .
coloqh OB L REHBAL RO B0 BHE £ D Al v
new fisveatids, ¢chitsooiagen doi barndaturrdorasukithiatéhe rayRrsarthpawlieggn foll

biom@PQUirnk aRd AbeUL30 N aWEoRS A B SHIP AL XA G M ELrix in a directed way.
2007/137839PCT/EP2007/004791 19 L .
After cellular organization of the collagen foil biomatrix with the newly formed connective

tissue, adhesion formation to the spinal dura or spinal nerve tissues is minimized.

[0054] Collagen for use in manufacturing the collagen foil biomairix may be obtained
from any suitable source. For example, without limitation, collagen may be of bovine,
ovine, porcine, equine, or human origin. The collagen may be harvested from a naturally
occurring fissue, such as tendon, corium, or other collagen rich tissue or may be
produced by recombinant genetic means. As described below, one exemplary

ernbodiment of the invention utilizes eqguine collagen derived from Achilles tendon.

{6055} 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 fo
form a collagen foil. Unlike cross-linking the collagen fibrils with chemicais or radiation

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



between about 1.5 and about 15 Newtons/cm-strip, for example between
about 2 and about 10 Newtons/cm-strip, for example between about 3 and
about 6 Newtons/cm-strip. (0052] While the collagen foil ix

W%@%’FW{;@ to the present invention has a high tensile stren%?tl%yr%@rwgﬁ%l
elastic and flexible when hydrated. This feature permits the collagen foil
biomatrix to optimally adapt to the anatomic conditions (e.g. curves)
present at the contact site. [0053] \When in its hydrated state, the collagen
foil biomatrix can be easily moved around e.g. in the surgical site and

optimally modeled and adapted to the sh gd p03|t|on Otf the d%f duced
ensurgsy %ﬁ%rebﬁ)f%‘é‘i%aﬁ%'pla& %ﬁoﬁﬁceaﬁ%%%ﬁ% HEEBEGEn Toil © ' oOYe
resoriiométnixsgratierémaintaaodd aivdreidy isetrepesitioie dihiedesithipe tissue.
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layers™o yered collagen foil biomatrix, eventually replacing the
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e produced by recombinant genetic means. As described b ¢
to 3'd§Héd@§eﬁ1b1§ﬂ¢éﬂ BARFRABBYRING  rARSRECR RIS BQURR %?&%88%0”5"’ reac
with elerire fremndchiltrstendontiiR056] ParigrtizionantfStbiffgepeocessponents
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precipitate out of solution to form a collagen foil.
CH=NJhliKeusiobs iskilsofiiée onagert RbS WiRsERBIMIELGY FpiRpATEsYated by

treatrRINZINEORAHERYIRINE radiatitna crll awving-DakiigleTog inkinthefude of chemical
cross%?rﬂggggggytlgcg\é Zggé}% %?ognl’la E/Ei%ggggéoc 4%3&1& gova!ently cross-tinked
cross-linking moisties. Commonly, this is accomplished by using a Schiff-base reagent
(e.g. glutaraldehyde) to form Schiff-base reaction products, and then stabilizing the
bonds through either an Amadori-rearrangement or reducing conditions. in addition
collagen can be cross-linked by various bifunctional carbodiimide reagents. Cross-
linking arising from the use of radiation can be detected by the presence of stable
covalent bonds between the coliagen fibrils, caused by the reaction of free 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 asscciations
between the fibrils in the product of the invention are substantialiy 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 o chemically cross-link



ensures their biofunctionality, promotes accelerated regeneration, and
reduced resorption times once the collagen foil biomatrix is brought into
contact with the tissue. Cross-linking collagen fibrils with chemicals or
WEhHi&HEH®An result in increased resorption times, or even AGAFEEYIHHYA!
encapsulation, and scar formation. The natural cross-linking of the fibrils in
the collagen foil biomatrix utilized in the invention occurs by natural,
physiological-like means. Primarily tiis natural cross-linking is through
non-covalent interactions (e.g. van der Waals or dipole-dipole interactions)
the formatjon of readily dissociable Schiff-base bonds between the
coll a%‘hu% i $08! g ST THE IR R o RE S Fite fBleafisks associated
with ioraheitakihgaitatikge misrasionsiblatforgaystattasrdichie nmcélestabiiten {oil

b;oma;@?)? K‘ﬁ)( %%Qﬁcfﬁfg}%ﬂgggoih T]g%gr r&&%}ll@“’t aq ?§§so%ilt§gss finking

enzymatlc conversion of lysine or oxy ysine resi and gives rise to
Chemﬁ]ﬁ'@h@@i&é@%%Fﬁé%ﬁ&%ﬁ?@ﬁ@ﬂ%ﬁét@h’é’% SIG8RyTE @@oh"\?smnagen fibrils
with chlRentanearsiiedret with reactive amino groups resulting in the formation

of Schiff-base components containing labile aldolcondensation products

with labile aldimine links (like for example - CH=N-). Thus, the fibrils of the
{0056y robectesfulioprérsaht inecipiiolethagyieatinsoeianssiigrréxmearwiglizoen foil

bicm&NRMRIA FiveRlcACI Hdiossdlibking amsggzfrmﬁhgy@%@dofdehsgaﬁalmemmne
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collagaectimidishipe byllaging faiSohitidbds e ey tlengiglutaeaididibly dep ¢ol fosttagen.
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elt -rearrangement or reducing conditions. In addition
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oL of stable covalent bonds between the collagen fibrils,
(ETogaﬂgé'Hqu%%e r%%% of ot fe o8 !rrc?é:;él%mmetles generated during

irradiation. The fibrils in the product of the present invention, on the other
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treateg %%I'Q&ﬁﬂg &Re 8?&%&5% Qé;&yggéﬂi'ggrd ggﬁérﬁlg%lﬂ)é‘}l%ﬂd bases, such as

formaldehyde, acrylamide, carbo ||m|ded|ones diimidates

sodiup|dAvgiRRinRIde, %fr?&“fﬁ% e RaveDeslageR, & mﬁéﬁﬁé?éiyt@%tﬁetﬁu%ﬁwate or
reducer Q&&IIH&ReM@sZO@Vé!&B@ﬁ%@E&@MERfﬂﬂ@@st()@ﬁﬂbﬂdmoliagemfamllse Usesent.
Treat D CBRMSAR: MRV ELMAA LERHILINLOXsi, (K3 ARsaRiaadYfifle. oxide
madverten tly contacting ne tissue WI resi aI ch micals in the
(ETOponagdherdikpibavateenhe pracipnd it iis friosAh e BpRIGYRS frrthods within

drug Mqﬂwm@i %@a&tiekmmhami@@dé BRENoRGEN \Fﬁ’ﬁ@é@ti%&ﬁn@éatment may,
associated cross nklnq the collfaagen fibrils, with che cq .
estmg %ﬁ equine

und S atigtion "Phe suﬁlng drle%iu pre Faq 58@&?agen composi
coiiag‘@!ﬂrﬁslm@bamWMMﬁwcﬁmuﬁwimﬁmﬁgﬁ -phdhecotdp@rigitrils during
the mENLHRUBIRATOHEAEBIRSHRBEARG CROSIRING L HACFOMSRY BYE AbK of disease
two-dimensionally multi-directional naturally intertwined collagen fibrils.
transmissinp RgeRA biomatrix primarily contains interstitial Type | collagen.
The collagen foil biomatrix has substantially no pores and is primarily
{coséé Ha ROl ese Ay sROMGIRF ARG PIBELE Bscrived
uarantee the absence of foreign protein. The collagen foil biomatrix may
be gas-sterilized with ethylene oxide (ETO) or similar sterilization gas or
by irradiation. [0057] A significant benefit of using an equine collagen foll
biomatrix according to the present invention is the substantially low risk of
transmitting a disease to a patient being contacted with said foil. The
manufacturing process in which the collagen fibrils are treated with acids
(e.g. hydrochloric acid, acetic acid, and the like) and bases, such as
sodium hydroxide, to produce the equine collagen foil beneficially acts to
inactivate or reduce the infectious levels of bacteria, viruses, and prions

that may be present. Treatment of biomaterial with hydrochloric acid,
cndinim hvdrovide ethvlene nvide (ETO) and the like have hean



22 above is not known to transmit any pathogens to patients. Thus, in

addition to the manufacturing process, utilization of equine-based collagen

further avoids the risks of transmitting spongiform encephalitis that have

WHeH/hidtAbusly associated with human cadaveric material®C T HBHEA e 1

collagen derived from an equine origin, such as collagen derived from

equine Achilles tendons avoids the risks of transmitting transmissible

spongiform encephalopathy (TSE), which is also known as bovine

spongiform encephalopathy (BSE) or scrapie. Transmission of this

disease has been associated with the use of biological material obtained
abovgr SmRinttAaN sbuEaREY i 18giEarRTRRaPRURREatliBUgodts?eRbep, o the
rmanuiinddhediledclIR5Aiheicollgnenfoi-bioratiisiuges doanedingdRiththe risks of
transBER e SHDebon, wheteln te collaach is derived fram,a0.eguine SUg numan

and eats e.g. Wwith e%zymes‘%ad [ |onaﬁy fedUces tie Tiok of & ICiting an
cadavgiifuneieasisoise. yoo 0 cElrdae-deiNat tpage AdoinBiongdliguaB@s collagen
deravéQSﬁ:E&i%alld@QUQgﬂi}ra‘%m@f 213 é%é%”ﬁ?he W&A@ﬁ @ﬁ;@@éﬁﬁﬁ%&ogﬁm{ssﬁme

contain collagen derived from sources such as human fascia lata, the ,
spong|H{Be PBP R ARy CMSre Rty for B CORAR: ihn B BguirRengiom
enceguilageth foilHiématrixdsasignificanttyiteiwer 0064 |diriarsto use tberndassociated
with GRlIAgED filDipnaattix Mz e Nydated. £aninpsINogicaLsaling, INgical

example, the physiological saline comprises a 0.9% sodium chloride

materdg) fish Chitsn 907 pienghéedilsden foil biomatrix is hydrated in

excipients or drug-containing solutions. The length of time necessary to

{005 yﬂ@t% tIE-'ae g&'%ﬂ%ﬂof I%RIQ nt} gxaigcr?lﬂﬁﬁdt&)tme tal?:'g.}e(:[ke %%gét‘hg,f%lierein the
he cof’ag n foil biomatfrix is ydrate(gi until it is consistent in thickness
collagasrds Sirs atifecarean PAONE SGEFTPRNthE TRy EhTowbloRTIYReS) additionally

redudaydrriedibshweatirbavifupecesgdsard 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
{0080 notwereerariveie twlagtiadeil fittbrivasisdsrhgditaténl betwrbmedbolpoiatory

respoPREONHRANE AN AQSNNLeR I RINSIRIRGICRISAlRRVHY NS SRRTIRIR as

the co!la%en foil biomatrix is_g%grated between about 0.5 seconds and |
humagl;E55si 19 s A8 BB PRSI OA0EATO T 2 ApSer Yt gifiaednf contact with the
equinphysietegicall dddimeiin stidignittbetiekample the collagen foil biomatrix is

hydrated between about 0.5 seconds and about 2 minutes in physiological

saline. In another exameIe the collagen foil biomatrix is hydrated about 0.5
[006 Yesinide testerihsedbnariirosRysibRIgRalitamy, kedBipHiBpmg- thephysiological
saling:0lngeR el Aomatienia Evisaegicalisaliasrprasstae o @mpledhe chioride
solutiS BIENIRAL Pt X 15, a0t Y ratesh RO 3 SO RGN 6 S Y Srents 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 (.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



[0062] The collagen foil biomatrix may be attached to the patient's tissue
by established surgical techniques, e.g. by fibrin sealant, tissue glue,
surgical sutures, or by pressure fitting surgical techniques. Alternativel
Wﬂ}@%?é’ﬂtsgf}attractlon between the collagen foil biomatrix aﬁgﬁﬁgﬁ%f?gﬁg}
the blood on the surface of the tissue, can be used to attach the collagen
foil biomatrix to the tissue without the use of any sealant, glue, sutures, or
pressure fitting techniques. Once hycyated, the collagen foil biomatrix can
be cut slightly larger than e.g. the surgical opening in the patient's tissue.
The collagen foil biomatrix thereby S|I overlaps the atlent tiss i
a0t SR BB T SR BB, (e PREN o ETPIBI DorAlARae (ol
béomﬁiﬁ@@étﬁﬁﬁﬁ%@@@p@mlmaraﬂ;ﬂ%&emﬁdabudta’bcm Bveitapenith tiersiclogical
saline, Slﬁug?oﬁggra&&% eoéré)% E]gﬁé?% At ?‘Qfo%ﬁ?myﬂ a%% %@éﬁﬁpg%%é&%s fo
3 ne exam

e surgeo ple, according to the well-known
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{ant % roved for surgical use include TISSUCOL and TISSEEL fibrin
to 30%38 § FB 8?AG Vienna, Austria). Alternatively, a tissue glue that
does not induce an extensive inflammatory reaction, and is approved for
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glue may be applied in a continuous line around the portion of the
S“"Q*%%M*%Bﬂfwmﬁﬁath& s oves(aps Iﬁé‘t?s&ﬁéerns&ffaéﬁa{o%}’ﬁ?% (RjRY-RESure
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UC ion of esion formatio fibrin. In another examp e the col a en

the cp@imarﬁatwaaut&faenaﬁﬁﬂ@.g*ﬁi%%mﬁqéﬁeaﬁ%eﬂw%a’ﬁ% ta%eaewﬁes or
press%r@?ﬂﬂﬁ@%@ﬁf@%&flmﬁe\?@?w /&%7&891?65 f@ﬁm&ﬁ/ﬂf -ﬂﬂb%ﬂs B4 cut slightly
‘ alant or tissue glue, In a further,exam g (0] .
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to the desired con];lact site. If th COH%%% n foil biomatrix % to be

overlgg uiih BeigHFing B2 AINGNLE R LY preveRt EAfn %ﬁé’-’f% Fignees
and dkiltedtmmenged to seal suture lines, for example, with a fibrin sealant. In
another example, the collagen foil biomatrix is positioned and implanted
according to pressure fitting technigues known in the art. In this technique,
{0063héncONsy S ITPFon?LE N Bodhid %d"ﬁ?f e Qag; dySHAst maﬂéncgl{agfﬁ‘d with
fibrintigdel Iﬂrﬂ&ﬂﬁch}emm stheounitiggrissuesorhbuix, e graffirethainplioceladd fibrin
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example e col agen riX IS position Implanted without
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doesRENMIAUE: e é%@&%fﬁ’#!mﬁw i@@&ﬁiﬁoﬁﬂd i3 thepeesdeebr use in spinal
implantation ste an Fij gldé%) enrtlact)lrjrgl Sgtttrac'tlon or adhesio r}‘ed in a
S“rg?ﬁ’atrB@fu?gsBe &eliiTR P0| TSR B0 The HSamMataliandEEss.
contitnaurzolnerarantpibethertioflafehedsiblingamidit hiaydeinPiilcov aslapistifetissue
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biomatrix may be applied to an adjacent tlssue and applied by an
comAlANRS ZSHE ARG A SRR B Ko GRA0°s. &
mdudﬂtﬂﬂtﬁtﬂﬂhﬁwﬁtﬂ}‘@mwnallryy ﬁtmnoitagentfmr lebcamatiixtioé thall poeseiof! biomatrix
prod ¥§f§'9§iﬁa e JUUIZRAIR SRALHACI RN M UNERIR U EEh AL LISIARSSS fibrin
ter ap e collagen foil biomatrix to the tissue and securing by any
of the means described above, an ant-adhesion product may be applied to
the upper or lower surface of the collagen foil biomatrix, or to adjacent
tissues. In one embodiment, a PEG based product, such as CoSeal(r)
(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
adheare In anonthear emhbhondiment a readyv-to-1ice eollacoean foil hinmatriv



25 a PEG-based product on one or both surfaces may be used. [0065]
Additionally, the present invention is related to the use of a multilayered
collagen foil biomatrix in the manufacture of a medicament, i.e. a

WA applicable material, for treating a disorder such 48 B Mjuifas’!

surgeries, or pathogen-based diseases, in a mammal characterized by a
disconnection of a tissue selected from the group consisting of spinal
column and dura mater, and the surgunding tissue. JO0661 Examples:
Adhesion and fibrosis formation, basics and study qoal Excessive
scar tissue formation and adhesion is a serious problem in spine surgery,

sealafegi EptNEcAllGNG Aditihar parmaiBRyatassndairientainy thaliggeriaps the
tissudurahasdissrsargany aphosidiseepmyssyndieme. Fheintidence pédigaln st

mater lesion, in case of revision surgery is,reported between,.5 and 10%,i
et R R SO ol AR T ATt gt 2o e
tissugpestopdtative deesioprabivnaddiexient dasdidive soridoinstigorifafee collagen foil

hiom i PP eAtR FiHationai ke swidisplAieadexists dadhasionsdibrasisevent

_inclusive a genetically predisposition of the patient); - the, ,
2o il BEABFVANES Bf R CEHBR, (ol PRGN iy? fioin sealant
in anatheidanaekinjusies!Eoiss iishivrd atext @ rpasidtoraitahstivgiiadsdeageording to

pressERR @hm@%ﬁ@@kﬁ%% r}ﬁg]gr?@ﬁiﬁaié\@m?{@ﬂg%ﬁ%d%ﬁ bioratrix

tissues étc.); and, -intraoperative measures for preventionan

5 PORRIRRANoH 6! HTE IR RINBS I 8%, HRIBIEIRFP oy he surrounding
tissuadltiradbeshe drytarnimbkes spopprs, (oilsct gk use of surgical sutures, fibrin

sealant, or tissue glue. In another example, the collagen foil biomatrix is positioned and
implanted without the use of any sealant, glue, sutures, or pressure fitting techniques. In
this technique, the collagen foil biomatrix is positioned in the desired implantation site
and held in place by the natural attraction or adhesion that occurs between the collagen
foil biomatrix and the mammalian tissue. In ancther example, the collagen foil biomatrix
may be applied to a fissue and affixed by any of the methods above, and then another
collagen foil biomatrix may be applied to an adjacent tissue, and applied by any of the

methods above, thus resulting in adjacent sheets of the collagen foil biomatrix.

[0064] Optionally, the collagen foil biomatrix of the present invention may be utilized in
conjunction with other products. For instance, after applying the collagen foil biomatrix to
the fissue and securing by any of the means described above, an ant-adhesion product
may be applied to the upper or lower surface of the collagen foil biomatrix, or {o adjacent
fissues. 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 foll 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 wilt not adhere. In
another embodiment a ready-to-use collagen foil biomatrix, which is aiready coaied with



Due to the multiple causes of adhesions, surgical measures may never
reach a 100% adhesion prevention in every patient but preconditions of
the above mentioned parameters can be influenced. The sur |cal oal is
WGt ation of the surgical wound situation during andffn fﬁ@zg%fﬂ?‘mi
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 4ge pathogenesis of
adhesions/peridural fibrosis, the investigation of the behavior of potentially
dura protecting and adhesion preventing and minimizing WO
a  PEsdhasTB3oPeTreP2007/002791 28 metibls aHdBrEducts@iringthe used.
physiological scar formation in the peridural dorsal wound area is focused
n.the first po operatlv erlo ap to two wee ks ts r
1006 o Tk G S e i S L R
foil bicoaipesitichefuifilsfaetiuacion ofestotectity ihdesersaiaaiy) aheligahle material,
for tre%ﬁrg QG 6 SERHGEMAYOR;IHHe Qﬂ@'@!e%”&'ﬁ?&ltﬁ@ BERAAAGHAGes, in a

avoidance of uncontrolled postoperative, dlstrlbutlon c!"ﬁlbnnogen
BBk AR RSt FA MO o S S R SCIBH 0 R Orsisting
of spicausgdenamd ucantrakedschiftachesionditydsisuermation. The

situation at two weeks post-operation allows the evaluation of the

|ntegrat|on of the |mplant and conclusmns of the klnd and potentlal of the

e&m@v@ft@ramwkarmtmlmu@dﬁ@tﬁwlcﬁccemedeﬁeutiIamzetémm spine
, integrated to the dorsal.anatom ontras it act
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(i (MBS O BRGEIRIGH ARt AR SBBIF Y Ri g g ent and
extent@%ﬂméﬁdhémmmdamcontrolIed scar tissue formation. [0067] Example

I Maierials,g Q%M@@Q@tﬁﬁ”&?' FXPEHDERSSOWRGERALCR e sions/iibrosis,

adhesmns |n s‘&na surgerﬁ usin 3 the blofunctlonal collagen foil biomatrix

inclusiyprmgensficahanurtitens! rtegs: 7-0:

- the intraoperative performance of the surgery (extent of wound area, avoidance
of injuries of tissues and certain anatomical structures (e.g. membranes) , carefulness of
hemostasis, avoidance of drying out of tissues etc.); and,

-intraoperative measures for prevention and minimization of postoperative
adhesions, e.g. implantation of anti-adhesive implants like sponges, foils or gel.

Due to the multiple causes of adhesions, 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 preveniing and minimizing



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 foll

W6 SMEEAZYE aminectomy, exposure of the spinal nerve root Bt picetioH

of the collagen foil biomatrix. Each group includes 20 animals. WO
20071137839PCT/EP2007/004791 27 Group 1:Laminectomy, Skin
closure (Control). Group 2:Laminectagmy, Covering with collagen foil
biomatrix. Surgery:

methods and products during the physiological scar formation in the peridural dorsal
wound area is focused on the first postoperative period {aporox. one to twoe weeks post
surgery). This is the most important time period to determine whether a particular
composition fulfills the function of protecting and separating the dura mater from the scar
formation in the dorsal surgical defect area and the avoidance of uncontrolled
postoperative distribution of blood, fibrinogen, fibrin and necrotic material, which are the
main factors and underlying cause for any unconirolled scar/adhesion/fibrosis formation.

The situation at two weeks post-operation allows the evaluation of the integration
of the implant and conclusions of the kind and potential of the bioactivity, biofunctionality
and tissue compatibility of implants. For example, after two weeks, is the implant well
accepied, cellularized and integrated into the dorsal anatormy or, in contrast, does it act
as a long term foreign body and provokes encapsulations and scar formation? The aim
of the following Examples is fo evaluate the biofunctionality as a temporary separation
layer and as biomatrix for cell growth and tissue regeneration of a biological collagen foil
biomatrix in the postoperative period and the valug for the prevention and minimization

of clinically relevant adhesion and uncontrolled scar fissue formation.

[0067] Example I: Materials and Methods: Animal Experiments showing reduced

adhesions in spinal surgery using the biofunctional cellagen foil biomatrix

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 foll biomatrix: Laminectomy, exposure of the spinal nerve

root and application of the coliagen foil biomatrix. Each group inciudes 20 animals.



The animals were positioned in a prone position and secured with the
surgical area (lumbar spine) shaved. Under sterile conditions, after
median incision of the skin, the Para vertebral musculature was detached

Wf?&ﬂ%’ﬁ@?ﬁinous processes and the laminae of the Iumbaﬁmwﬁfﬁ%ﬂ

column exposed. Hemilaminectomy of the 3rd and 41h lumbar vertebra
was conducted. Exposure of the two corresponding spinal nerve roots and
of the root channels. Continuation afBurgery in accordance with the
different groups is also described. General anaesthesia:Ketavet60 mg/kg
mpunlé m S.C Thiogental\;é throygh ear vein, based on effect

R /
Groug £ o iPARAGEN: SILBAPTRLE (SRR Pain medication: 2 x day.

Temgesic 0,05mg/kg s.c. for 3-4 days post operative. Euthanasia: In

Grou@eneralangsibiasiapabiiiate Avednsgdy -5y aliafiapand 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
Surgemonths. Evaluation parameters: Extent of adhesions and fibrosis.

51”%?@%%%%@’ u%?e%@geé;%\é%@'ﬂOéOE)’oW@%éé‘é%ﬁdaH@- Eéé%ié@‘&ﬁ_ ﬁF? the surgical
showed reduced adhesion formation in the group utilizing the biofunctiona

area QoResPRoNDiSheet. Under sterile conditions, after median incision of the skin,
the Para vertebral musculature was detached from the spinous processes and the
laminae of the lumbar vertebral spinal column exposed. Hemilaminectomy of the 3™ and
4™ lumbar vertebra was conducted. Exposure of the two corresponding spinal nerve
roots and of the root channels. Continuation of surgery in accordance with the different

groups is also described.

General anaesthesia: Ketavet 60 mg/kg

Rompun 16 mg/kg s.c.

Thiopental  i.v. through ear vein, based on effect

MNarkosis, intubation, mechanical ventilation

Pain medication: 2 x day. Temgesic 0,05mg/kg s.c. for 3-4 days post operative.
Euthanasia: in general anesthesia barbiturate overdose i.v.

Evaluation and pathological examination:

Each group of animals were euthanized as follows: 10 animals after 10 days, 10
animals after 4 weeks and 10 animails 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.



WO 2007/137839PCT/EP2007/004791 28 [0068] Example II: Collagen foil
biomatrix one week after implantation in human patient The human
&atient age: 18, gender: female) was operated in the interval of 7 days in
Wihe@H4r8%3f a routine surgical treatment (epilepsy). The c&’l%%%??%ﬁl 04791
biomatrix was implanted epidural dur#® the first surgery (prevention of
CSF leaks). During the second surgery, the collagen foil biomatrix implant

o e R R e B R EE e

patieaid removable as shown in Fig.10. Fig. 11 is a sectional view of the
collagen foil biomatrix of Figure 10 one week after implantation. As can be
seen, fibroblasts are growing into the collagen foil biomatrix, directed by

thaNRUNBFR FRHGE0 O Thath HRIARTH R RIAL HFS PR IR IR [oarBiarval of 7
days2RAHe 820Rnef a rollie speegiefithediirmieddpigpwihofaepaii gelisoil biomatrix

along the multj-layered structure is about 1Q to 15 times hi in .
was AT AR GRSV RSy S2t). During the
secohininnalanf| aiimenatding anfilfraitibivisathisvimpéxpressingetheveng oinginely before the
tive p. S 6 e Jl: | generati :
room A e < T e A TE 2 ERBgen ol
biomgtitatiesttbinBraraaispliinspiie s gemovritiians R ddgain collagen
firils (Majgly typaibrallaasn)praducen-iem Ruribrehmineed ARRINESIO one week
tendon from horses and reupﬂate%?to fibrils. The flexible formstable ar]
after LRSI S SHLIANY Erne LPERP ARih 2o AHABRoUR A TighR
biomatdltjlayersiticiutee Thatthokressafithe difneqénetratittilaycred;dotiagendirection
. foi br was about 0.1 mm. In the wet condition the membrane
s ablt e 2 A o 08 i
The speed of the directed in-growth of repair cells along the multi-layered

Fagen foil

structure is about 10 to 15 times higher in longitudinal direction compared fo the
transversal direction (,Fig. 10“). Minimal inflammatery infiltration is shown, expressing

the ongoing regenerative process.

[0068] Example [il: Cell growth, tissue regeneration and prevention of peridural

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

surgery

Materials:

Native equine collagen fibrils (mainly type | collagen) produced from purified minced
Achilles tendon from horses and precipitated fo fibrils. The flexible formstable and
elastic biomatrix is specially engineered and has a nonporous fluid tight multilayer
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,.



WO 2007/137839PCT/EP 007/004791 29 General anaesthesia:Ketavet
60 mg/kg Rompun16 mg/kg s.c. Thiopentali.v. through ear vein, based on
effect Narkosis, intubation, mechanical ventilation Pain medication: 2 x

WHA edidtsic 0,05mg/kg s.c. for 3-4 days post operative. EUHAHESHHR1

general anesthesia barbiturate overdose i.v. Animal model:

28

General anaesthesia: Ketavet 60 mg/kg

Rompun 16 mg/kg s.c.

Thiopental  i.v. through ear vein, based on effect

Narkosis, infubation, mechanical ventilation

Pain medication: 2 x day. Temagesic 0,05mg/kg s.c. for 3-4 days post cperative.

Euthanasia: in general anesthesia barbiturate overdose Lv.

Animatl model:

The present study was performed on New Zealand White ("NZW") rabbits
weighing on average 3 kg &t the time of surgery and their average age was 4 months. All
rabbits were female and approval for the animal studies were performed after formal
approval by the authorities of the city of Vienna, Austria. The design of surgery in this
experimental animal model in rabbits was similar to the most common operative
intervention in humans. A laminectomy and reéection was performed of the facet joint af
the iumbar spine 4 to 5 (L4/5). To carry out the full extend of a real surgery 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 co!lageh 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. Afer decalcification each lumbar vertebra was cut into slices, dehydrated



The present study was performed on New Zealand White ("NZW") rabbits
weighing on average 3 kg at the time of surgery and their average age
was 4 months. All rabbits were female and approval for the animal stud|(

WO S Farmed after formal approval by the authorities of'the city Of '
Vienna, Austria. The design of surgery in this experimental animal model
in rabbits was similar to the most common operative intervention in
humans. A laminectomy and resectih was performed of the facet joint at
the lumbar spine 4 to 5 (L4/5). To carry out the full extend of a real

surgery such as sterior Lym nte d Fuson PLIF surger
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réfmalaeu:tsmta@tfe?rmetﬁmﬁ%bmammgméémﬁ@l@@Kﬂ?gy staining
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was moved back Iin place and the fascia was closed X absorb q
structypriee ISR IAA SRS SALN SR dorsphs Yiavound area.
cell :rliﬁg?@w&ﬂ |ﬁ@§tﬁ§e¢aﬂw§emamnrmmﬁhmmaddmw|dbaﬁmeimeaangetmcﬂlrextent of

adhesaon r%\éa?qnd r Ceelr\ll gfa ed foad. %?n@?gﬁs were euthanized by
8verdose 6 hIOp nta and € 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
Resylf %&'S&éﬁ?f&ﬁéf W& 2007/137839PCT/EP2007/004791 30 and

effiteddeibits paeatfistaBedenitetionsgphinticsivdes eskendrbiptaagh staining

all ce?%”ﬁl& bone-:r R SRCHARR WEIe §§W@§W§@ Hapmadaxiip &ﬁﬁtﬂﬁﬂ@ anatomical

general histology staining all cells and bone com onents he s |d§ ere
strucihan KRR 00, DEBLAG AR RS 206 16 BE R LRRISA OB At eree.

Cell 8RR ang thedperidbeatdmigahsiulpisialvaoindratabe omliantigrawth dedithef the

infrarg e 04 ?'°m&”%%Jn\%@&%ﬂ&e@rﬁasngm%s&ewe%agn&ma The
ormation anol peridural fibrous scar formation

integrationfincorporation process and the absence/presence and extent of adhesion

formation and peridural connective tissue organization were also analyzed.

The study shows foliowing histological findings:

immediately postoperafive: The collagen foil biomatrix is placed between 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 paraliel microscopically mulfilayer 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, especially lymphocytes (Fig 13 A). The
subdural space is free from cell infiltraiion or adhesion tissue. On the dorsal surface cells
are directed along the surface and have hardly penetrated the surface of the coilagen

foil biomatrix. At the edges of the defect the collagen biomatrix was applied on the bone.



Results/ Histological findings: The sections were stained with
Haematoxilin-Eosin for general histology staining all cells and bone

components The slides were examined by evaluating anatomical
WeritHiré ke relation between dura mater and the periduf HBFe4| /004791

surgical wound area. Cell growth into and on the collagen foil biomatrix
and the quantity and quality of the inflammatory reaction in the biomatrix
and surrounding tissue were analyzgd. The integration/incorporation
process and the absence/presence and extent of adhesion formation and
peridural connective tissue organization were also analyzed. The study.
The SHRIAE ISR & BTG RERRGS Do e Bo&dSEInERlign) and
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MjCroscopic multilayer structur the collagen. foil bigmatrix, which is .
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tissues. There is infiltration of blood cells, especialléllymphocytes Fig 1

biomalr plads Bt dhepleecte ¢ Jd WaHPRA iRfliratibios drinedigRUIREYIESOIRto the
paraitbenddtitalsufactucelds dre diktigdratoogi thestisfbiceanttihave hardly
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e collagen biomatrix was applied on the borie.

¢
and theFpNS 2BESPRIPAEP 300 #RIB4G1- 31 The contact area (a) is a preferred

aneig.of Bigaghatys(himaisiisgelbintesastion ) fandibe BeginAingeotenter of the

. directed cell ipfiltration along.the multilayer structyre. The area hetween
e e e e S
epidugtisepissuéoontamidgrizl cetdy (b)rasheparaslis terpediesirdopiprg the dorsal

surfaBR IRl SPACE I aseRspangerertiae anblemymags nebiipsiedibyil. The area
betwggrrxgtehr ég?lgge%hgiggé?riﬁi%hé?’ﬁfé dura mater consists of loose tissue containing
fat cells (a).

FIG. 13 D shows a NZW rabbit 1 week posioperative. The multitayered collagen
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 the beginning of directed
infiltration of repair cells into the multitayer structure(a) is seen.

Fig. 13 E shows a NZW rabbit 1 week postoperative. A coliagen 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,



Fig. 13 A shows the contact area between the multilayered collagen foil
biomatrix and the bone at the edge of the defect (a). Intensive interaction

of cells and the multilayered collagen foil biomatrix. The remodelling of the
Wﬂﬁ?ﬁﬂ’&%’i’%"d collagen foil biomatrix starts with the directed%ﬁl’t@g%ﬂg’%/%’fiﬂm

cells (fibroblasts, granulocytes) into the parallel multilayer structure of the
multilayered collagen foil biomatrix. Fig. 13 B shows the contact area
between the multilayered collagen fa& blomatrix and the bone at the edge
of the defect (a). Fig. 13 C shows the multilayered collagen foil

biomatrix in the center of the Jaminectomy defegt. The collagen biomatrix
SR AT L SORATE (PSP PR di (e MATG oan be
distingoahfal fatiothe«Caliscareditie btetial Gitg thés dordall sorfaio g drive idove the

memBEREIRIFd e SHHRCS YileCARIERLIPMANYLy ENErAEeR RRIYELEBIRS is free

collagen biomatrix and the dura mater consists of loose tissue containing

from ggfldgiikradipn or gfResiA DS Avs a NZW rabbit 1 week postoperative. The
metidayered calagen fail it atribbils telosing:Hsedaminectoimy défechaltithyered
separating the. dura fro inai ' I '
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biomeldyeof g citatrchabisiadtnmiibrgimiinglorditesey MMPIRIdA spparated by

loose/ 8RAEGRNS 1RIQ.4NE MAnilaYICSH HHERR) i518RB remddigictBdblisliewsidmatrix.
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
{0@70:?@0“@@%?@ wound area. The collagen sponge is soaked with blood.
wo weeks postoperative: The integration of the membrane into

sUMGuRAIRY IRELEE HRYRIGEd B 7toltth Brocapikriel SRR iy ention
proveame tiaivef dhariymphaeytand \AQ 10T EER28BAPCIHE PROSFH004U64tBE between

the dura mater and the dorsal surgical defect, avoiding the uncontrolied distribution of
blood, fibrin and necrotic materials into the peridural area and directing and separating
the cell growth of the beginning scar above the dorsal surface. The biofunctional
collagen foil also directs the cell in-growth into its muitilayer structure. The speed of in-
growth along the multilayered structure is higher than the in-growth of celis into the
biomatrix from the dorsal surface. There is no in-growth of cells in the first week into the
ventral surface of the collagen 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 muliilayered collagen foil biomatrix one week postoperative
(Ex. ). ’

After two weeks, the multilayered biomatrix is infilirated 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.



segmented granulocyte is increased. The structure of the collagen foll
biomatrix can be distinguished form the surrounding tissue. There is an
inflammatory reaction above the membrane with exudation of lym hocxte
W%ﬁ?f}aﬁ?ﬁfbcyte. The subdural space is free from cell infiltra(i%ﬁpg&mﬂ e
adhesion tissue. Figs. 14 A - C show a NZW rabbit two weeks
postoperative. The multilayered collagen foil biomatrix is fully integrated.
Tissue repair cells have infiltrated thgzcollagen biomatrix and are directed
along the multilayer structure. The dura mater is separated by loose tissue
with fat cells from the scar formation and the remodelled collagen
be%Wﬁ‘[@W@FC"&H@R%HH&bmmﬁﬁ@‘r%r’iﬁ%r%‘i?é?%l'ﬁﬂ%%ﬁ%g ebfs i Be an
effecfioit bigowatriygfitlee pre Sepfinveotisniproedibte baviedivimanedistpaaaton layer
excellent separati r 10 | L t )|
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The biofunctional collagen fog also d{'rec}s the & I(I}lj]g-gggfyvttﬂliélto izrtésventi on and
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minirszattur ofistinightyy thiwvyahbsdhgmiond. of cells into the biomatrix from the
dorsal surface. There is no in-growth of cells in the first week into the
ventral surface of the collagen 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. II). 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. WO
2007/137839PCT/EP2007/004791 33 The multilayered collagen foil
biomatrix of the present invention proved to be an effective, biocompatible
and biofunctional immediate protection and separation layer between the
dura mater and the dorsal defect area which is directing the cell in-growth
within the multilayer structure and the cell growth above its dorsal surface.
By directing the cell growth, the collagen foil biomatrix effectively controls
the remodeling and tissue regeneration process and provides optimal
conditions for the prevention and minimization of clinically relevant
adhesions.



34 CLAIMS: 1. Use of a composition in the manufacture of a medicament

for the prevention of peridural fibrosis formation in a mammal, wherein the
composition consists of a microscopically multilayered collagen foll

biomatrix wherein the multilayered c%ﬁagen 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 rhix thereof. 35 2. The use of claim

1, wherein the multilayered collagen foil biomatrix directs cell growth

between the interstices of the layers and on the surface of the

multiavered aplieasn 'l Blemalitr i 0ese Al LNNEIe N oveion of
multilayered collagen foil biomatrix creates a primary liquid-tight seal anc
sepdretiofbayer. orTee asdofal BiRBIavheresrethethsukdaysrstiacolkageists of a
fRitRiamaiiis SMepth.-ARd-sURSIANKA! Y DRI MSrein the muliilayered 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.
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10.

5. The use of claim 3, wherein the mult layered collagen foil biomatrix is
smooth and nonporous. 6. The use of claim 1, wherein the multilayered
collagen foil biomatrix is reabsorbe nd remodeled into natural tissues. 7.
The use of claim 6, wherein the mul yered collagen foil biomatrix is
reabsorbed and remodeled into natural tissues in 14 days. 8. The use of
claim 1, wherein the collagen foil is derived from equine collagen. 9. The
use of claim 1, wherein the composition is available in kit form. 10. The

use ef,@kaﬂmaimwnama@mtr@u{glﬁawmitaa@mﬂpHlbﬁ@ai%%m@@% 11 growth
gn the swgface of a tiss §? (jilected from the group consisting, of spinal
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biomatrix.

The use of claim 1, wherein the multilayered collagen foil biomatrix creates a primary

liquid-tight seal and separation layer.

The use of claim 3, wherein the multilayered collagen foil biomatrix is smooth and

substantially non-porous.

The use of claim 3, wherein the multilavered collagen foil biomatrix is smooth and non-

porous.

The use of claim 1, wherein the multilayered collagen foil biomatrix is reabsorbed and

remodeled into natural tissues.

The use of claim 6, wherein the multilayered collagen foil biomatrix is reabsorbed and

remodeled into natural tissues in 14 days.
The use of claim 1, wherein the collagen foil is derived from equine collagen.

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

The use of claim [, wherein post-surgical or post-traumatic fibrosis formation on the

surface of a tissue selected from the group consisting of spinal column tissue, dura mater, and

spinal nerves in a mammal is prevented.



