-1-A COLLAGEN SCAFFOLD FOR CELL GROWTH AND A METHOD FOR PRODUCING SAME
FIELD OF THE INVENTION 5 The present invention relates to bioscaffolds and methods of
manufacturing bioscaffolds. In particular the invention relates to a bioscaffold comprising greater than
80% type | collagen fibers or bundles having a knitted 10 structure providing mechanical strength and
elasticity. INTRODUCTION Bioscaffolds are structures that replace an organ or 15 tissue temporarily
or permanently to aid the restoration of normal function. The bioscaffold provides a substrate on which
cells proliferate and diferentisteFéveiitaalyoieplathiy thelbioSEaffold ahl PestoriRd HfioPmabergan or
tissue function. 20 There are a number of propesties thatare desirable in a bioscaffold, these are: a)
interconnecting pores that favour tissue integrafion and vascularisation; b) appropriately biodegrade
and bioresorb such that de novo 25 tlssue ultimately replaces the scaffold; c) surface chemistry that
promotes cell attachh ion fand ditferentiation; d) adequate mechanical properties; e) does
not induce aglverse blologlcal responses and f) easily fabricated in a variety of shapes and sizes.

The present invention relates to bioscaffolds and methods
of manufacturing bioscaffolds. In particular the
invention relates to a bioscaffold comprising greater than
80% type I collagen fibers or bundles having a knitted

10 structure providing mechanical strength and elasticity.

INTRODUCTION

Bioscaffolds are structures that replace an organ or

15 tissue temporarily or permanently to aid the restoration
of normal function. The bioscaffold provides a substrate
on which cells proliferate and differentiate, eventually
replacing the bioscaffold and restoring normal organ or
tissue function.

20
There are a number of properties that are desirable in a
bioscaffold, these are: a) interconnecting pores that
favour tissue integration and vascularisation; b)
appropriately biodegrade and bioresorb such that de novo

25 tissue ultimately replaces the scaffold; c) surface
chemistry that promotes cell attachment, proliferation and
differentiation; d) adequate mechanical properties; e)
does not induce adverse biological responses; and f)
easily fabricated in a variety of shapes and sizes.

30
In pursuit of bioscaffolds with the properties listed
supra, tissue engineers have fabricated scaffolds from
both synthetic and naturally derived materials. For
example, bioscaffolds have been made from synthetic

35 polymers such as polyglycolic acid, polylactic acid and
their copolymers. Naturally derived materials from which

bioscaffolds are made include protein and carbohydrate



30 In pursuit of bioscaffolds with the properties listed supra, tissue engineers have fabricated scaffolds
from both synthetic and naturally derived materials. For example, bioscaffolds have been made from
synthetic 35 polymers such as polyglycolic acid, polylactic acid and their copolymers. Naturally derived
materials from which bioscaffolds are made include protein and carbohydrate polymers. As well as
being fabricated from various materials, bioscaffolds havebeen manufactured in different forms such
as membranes, microbeads, fleece, fibers and gels. 5 However, currently available bioscaffolds have a
number of drawbacky@yrtheticdysolymer seaffdlds mo rotipossesssurfacenchemistryfamiliar to cells

and therefore celhgttachraent,isisuboptimal, Fusthessynthetic pelvmek 40.scaffolds produce acidic
by-products Whela dg_;raded which reduceshthe IocalyﬁgH and disruEts the cel mic%olenvironment,

discouraging norma cgﬁSPotwt 98&?@%5 avaitabie |ors%%?fcs)l’dsnfa6ﬁ8§88 fom naFuergl?y 15 derived

materials also habélzerngmperopdisadvantages. These bioscaffolds often elicit immune responses due
to presence of residual foreign cells from the host from which the material was isolated. Further, the

pore size and strycture 8]:: thegerscg}‘lfglfls g?enerz_aLIQ/bqoeesbnot 20 %@t(i)nfgléy Bg)vr_réc;;aee grﬁllll n%Drgwth §nd

tissue vascularisation. Lasfly, the bioscaffo d%aéurrently available lack sufficient anlcafpfoperties

quuﬂedtOMMhS%ﬁ@WﬁéCks' Synthetic polymer scaffolds do not possess
surface chemistry familiar to cells and therefore cell
attachment is suboptimal. Further, synthetic polymer
10 scaffolds produce acidic by-products when degraded which
reduces the local pH and disrupts the cell

microenvironment, discouraging normal cell growth.

Currently available bioscaffolds fabricated from naturally

15 derived materials also have a number of disadvantages.
These bioscaffolds often elicit immune responses due to
presence of residual foreign cells from the host from
which the material was isolated. Further, the pore size
and structure of these scaffolds generally does not

20 optimally promote cell growth and tissue vascularisation.
Lastly, the bioscaffolds currently available lack
sufficient mechanical properties required to withstand the
harsh environments in which bioscaffolds are regularly
used, for example joint repair.

25
Accordingly, there is a need to develop a bioscaffold that
better promotes cell growth and has improved mechanical

properties.

30 SUMMARY OF THE INVENTION

The inventors of the present invention have developed a

method for producing a novel bioscaffold comprising

collagen fibers or bundles which have improved properties
35 including superior mechanical strength compared to

currently available collagen bioscaffolds.



harsh environments in which bioscaffolds are regularly used, for example joint repair. 25 Accordingly,
there is a need to develop a bioscaffold that better promotes cell growth and has Improved mechanical
properties. 30 SUMMARY OF THE INVENTION The inventors of the present invention have
developed a method for producing a novel bioscaffold comprising collagen fibers or bundles which
have improved properties 35 including superior mechanical strength compared to currently available
collagen bioscaffolds. OBJECT OF THE INVENTION It is an object of the present invention to meet
the abovementiof&d heéd@ndioitto Providé Eobioscaffold and/or 5 a use of a bioscaffold which
overcomes or ameliorates one or more of the disadvantages of the prior art. It is a further or alternative

object of the presletnt inventionk'go at ]Ceasit pr vide the pubclic_with atusefulé:hoice. 0 Accordingly, in a
first aspect the presentinvantion provides a biostafioid comprisiig greatsr than-80% tpe | collagen

fibers or bundlesHeawitgjie khittedsstructse anld AaximuRTensile |oadostrs gl bp §reaaacthan 20N.

15 In some embedimeats; the maxypurrtensie lpadstrength ebthesbiescaffald isgreater thaa 40N. In
other embodiments, the ma>(gi£nuC ée%slilsealgad S ren%th isgr%ﬁtgr than 60N. In anoltktler.embodiment,

' T . :
the maximum tensile load strength is greateF]t an 120N, 1n siill other 20 embodiments, the maximum

tensile load strength Is'Greafsr thark S4BRT i Sornk Efbodiferts tRe Biosraffofieistd Abditus of
greater than 100 MPa dawotherembadimentspthie Imoduliish a useful choice.

10 Accordingly, in a first aspect the present invention
provides a bioscaffold comprising greater than 80% type I
collagen fibers or bundles having a knitted structure and

a maximum tensile load strength of greater than 20N.

15 In some embodiments, the maximum tensile load strength of
the bioscaffold is greater than 40N. In other
embodiments, the maximum tensile load strength is greater
than 60N. In another embodiment, the maximum tensile load
strength is greater than 120N. In still other

20 embodiments, the maximum tensile load strength is greater

than 140N.

In some embodiments, the bioscaffold has a modulus of
greater than 100 MPa. In other embodiments, the modulus
25 is greater than 200 MPa. In another embodiment, the
modulus is greater than 300 MPa. In still other
embodiments, the modulus is greater than 400 MPa. 1In
still further embodiments, the modulus is greater than 500
MPa.
30
In some embodiments, the bioscaffold comprises greater
than 80% type I collagen fibers or bundles having a

knitted structure, a modulus of greater than 300 MPa.



25 is greater than 200 MPa. In another embodiment, the modulus is greater than 300 MPa. In still
other embodiments, the modulus is greater than 400 MPa. In still further embodiments, the modulus is
greater than 500 MPa. 30 In some embodiments, the bioscaffold comprises greater than 80% type |
collagen fibers or bundles having a knitted structure, a modulus of greater than 300 MPa. - 3A - In
some embodiments, the bioscaffold has an extensiorm at‘maximum load of less than 85%. In other
embodiments, the extension at maximum load is less than 80%. 5 In some embodiments, the
bioscaffold compfises greatemthani@s9% type toelldgens tradthet @nitroslimentsx ttiebioscafédld
comprises greatefthan,90% type |collagen. lnsome embodimentsythe kigseaffold has a knitted 10
structure comprisin%first and second}gro%ps %f co Iagenlfibers %bun%lgg where fibers or bundles in
the first group extend predominately i a first difection and fibers 6t bundfes in the second group
extend predominately in a second direction. 15 In some embodiments, the first and second directions
of _4 _the groups of sellagenfiberscortundiesaneisihstantially pespgndicidar toreacheether. In other
embodiments, thg figersg%r% bl,é%lalgs p @glf'irgg group are goetnk(leéq_,lIyesnggaocggmaé)na{tsfrorpheeach other by a
first distance and the tibers ’

bioscaffold comprises greater than 90% type I collagen.

In some embodiments, the bioscaffold has a knitted

10 structure comprising first and second groups of collagen
fibers or bundles where fibers or bundles in the first
group extend predominately in a first direction and fibers
or bundles in the second group extend predominately in a
second direction.

15

In some embodiments, the first and second directions of



5 or bundles in the second group are generally spaced apart from each other by a second distance
and where the first and second distances are different to each other. In still further embodiments, the
different fibers or bundles of the first group overly, or underlie or weave through 10 fibers or bundles of
the second group. In a second aspect, the present invention provides a bioscaffold comprising greater
than 80% type | collagen fibers or bundles having a knitted structure and has an 15 extension at
maximum load of less than 85%. In a third aspect, the present invention provides a bioscaffold
comprising greatehtham80% type | collagendibers oe bandlesthavingea kaittedsstiuctuwre tarmld v

maximum 20 tensile-load strangth of greaterthan 20N, a madulusof greaten tham1Q0 MRa.and an
extension at max%m m load of |less than 85§/o.tlﬁeaf urth asgect, the present inveﬂion %)rovidgs az25

method of manufatfiiting & hioRcaffold compbrisitg the'stsps b (R) Rofating coliagen fibBrR S bundles

from a mammal; @s)FinEudativig sad fibeisherbindies nia alixtdire bRNaOH rdlcdhiut, dcéteme, HC1 and

ascorbic acid; angr{chmegharicahmanipuationef spidfipersrer bundesto130 produce akaitted

structure. In som]gregpnb%dlg}gntscﬁrel% cglla en fibers ré)ygggegcoef tQ%g'%%?gfrf(e)'dt re g\r/lggd from

dense connective Tissue. It Will%e_ appre%iatedsﬁ%%rt]he ense connective tissue used 35 in this
embodiment of tFE'BioSE&PEIE £3iddstribed heféin Cahlse Rblaté® freAtanyfissie: contdlining dense
connective tissues in someuerbedimernts dhentissirs, isteh denddit 4 other feibleedimentsthedisssie is

epitendon. The tendan,or enitendop,may, be fram any tendop, from;any anatomical site gf an animal

and may be a rotator cuff tendon, supraspinatus tendon, subcapularis tendon, 5 pectroalis major
tendon, perbhealt&h8oT, &hileS EEHTdNClibialis arfiferdr terfdoh Rnterior cruciate ligament, posterior

cruciate ligament, hamstring tendon, lateral ligament, medial ligament, patella tendon, biceps tendon,
and triceps tendofyy 5 second aspect, the present invention provides a
bioscaffold comprising greater than 80% type I collagen
fibers or bundles having a knitted structure and has an

15 extension at maximum load of less than 85%.

In a third aspect, the present invention provides a
bioscaffold comprising greater than 80% type I collagen
fibers or bundles having a knitted structure and a maximum
20 tensile load strength of greater than 20N, a modulus of
greater than 100 MPa and an extension at maximum load of

less than 85%.

In a fourth aspect, the present invention provides a

25 method of manufacturing a bioscaffold comprising the steps
of: (a) isolating collagen fibers or bundles from a
mammal; (b) incubating said fibers or bundles in a mixture
of NaOH, alcohol, acetone, HCl and ascorbic acid; and (c)
mechanical manipulation of said fibers or bundles to

30 produce a knitted structure.

In some embodiments, the collagen fibers or bundles of the
bioscaffold are provided from dense connective tissue. It
will be appreciated that the dense connective tissue used

35 in this embodiment of the bioscaffold as described herein
can be isolated from any tissue containing dense

connective tissue. In some embodiments the tissue is a



10 In some embodiments, the dense connective tissue may be isolated from any mammalian animal
including, but not limited to a sheep, a cow, a pig or a human. In other embodiments, the dense
connective tissue is isolated from 15 a human. In still other embodiments the dense connective tissue
is autologous. The present invention also provides a method of repairing a tissue defect in a
mammalian animal comprising 20 implanting at the site ofthe tissue defect a bioscaffold according to
the an embodiment of the present invention. Accordingly, in a fifth aspect the present invention
provides a methdceofdepairingra tissuerdefebbinian2b nsarmhalian eswmalicommprigingdmplanting at the
site of the tissue ggfect a-hiescaffold comprising gregtesthan -8R%typed collagen-fibgrsarpundles

having a knitted structture_andla matximUJEn tensile Ioadlstrergjgth of greater th%}n %ON, amo ulus of
greater than 100 MPa afd an 30 extenion at maximum Toad of 1éss than 85% Iy oné embodiment,
the present inveritondsrovidesrraseeaa bioschffolddor thelepaitof artissuesdedecdtin a mammalian
animal compyisingdmptandingssaid bioscataldat 35dbesite-of the tigsig defeet. 11 8As In another
embodiment, thetpergaerrmlt in\éelrgiloglprgvgje ause otclgigggaffolg cgrenlplrig.j:ngcgreater than 80% type |
collagen fibers or bundies having a Knitte structure, a module opgreater than %%béﬁlga and an

extension at maxim8aTs Tad 6AESS T 85Y U6 tHeSrepa# Bt A figsutdetedtina maRftRalan animal
comprising implahting said hibgeaftold at thedsitel ofithgdissue defectelhisome ettbhodimentsp the

mammalian animal j3 2 QUMay triceps tendon.

10
In some embodiments, the dense connective tissue may be
isolated from any mammalian animal including, but not
limited to a sheep, a cow, a pig or a human. In other
embodiments, the dense connective tissue is isolated from
15 a human. In still other embodiments the dense connective

tissue is autologous.

The present invention also provides a method of repairing
a tissue defect in a mammalian animal comprising
20 implanting at the site of the tissue defect a bioscaffold

according to the an embodiment of the present invention.

Accordingly, in a fifth aspect the present invention
provides a method of repairing a tissue defect in a

25 mammalian animal comprising implanting at the site of the
tissue defect a bioscaffold comprising greater than 80%
type I collagen fibers or bundles having a knitted
structure and a maximum tensile load strength of greater
than 20N, a modulus of greater than 100 MPa and an

30 extension at maximum load of less than 85%.

In one embodiment, the present invention provides a use of
a bioscaffold for the repair of a tissue defect in a
mammalian animal comprising implanting said bioscaffold at

35 the site of the tissue defect.



BRIEF DESCRIPTION OF THE FIGURES Figure 1: Confocal image (X20) of a bioscaffold in
accordance with an embodiment of the invention. S Figure 2: Scanning electron microscopy (SEM)
image (X100) of a bioscaffold shown in Figure 1.  Figure 3: Scanning electron microscopy (SEM)
image (X1000) 10 of the bioscaffold of the invention. Figure 4: Confocal image of a commercially
available bioscaffold (SIS/Lycol collagen membrane): 15*Figure 5: Scanning electron microscopy
(SEM) image (X200) of a commercially available bioscaffold ("Bio-gide"). Figure 6: Scanning electron
microscopy (SEMyinaget(&508bbd vommercidlly availabletbioscedfotd (lrycot collagen 20
membrane). Figured: bxagraph-shewing W@H&%@Oﬁfﬁ@g@@%%@o@r@ﬁ@sqaffold in

accordance with an bodimfenktaof the inv%ntioopland nother cor‘q{mercjcall available 25 collagen
. CO&_ a%en 1 eﬁS Qor . oun es av1ng a l"al eﬁ %truc‘ﬁufae,. a
membrane. Figure .irls bargraph showing comparative mean modulus for bioscaffolds’in

accordance with fslpresenf inveatce andtammeéltidiyaavaildbleBiegige élayer-membrans
30scaffolds;5 1oad of less than 85% for the repair of a tissue defect in

a mammalian animal comprising implanting said bioscaffold

at the site of the tissue defect.

In some embodiments, the mammalian animal is a human.



Figure 9: Is a bar graph showing comparative mean maximum load for bioscaffolds in accordance with
the present invention and commercially available Bio-gide collagen 35 membrane scaffolds; extension
at maximum load for bioscaffolds in accordance with the present invention and commercially available
Biogide collagen membrane scaffolds; 5 Figure 11: Is a bar graph showing comparative mean load at
yield for bioscaffolds in accordance with the present invehtion and commercially available Bio-gide
collagen membrane scaffolds; and, 10 Figure 12: Is a bar graph showing comparative mean extension
at yield for biosca@folds inacsard@&iceOWitREhE Ppresentiiedition and commercially available Bio-gide
collagen membrane scaffolds. 15 Figure 13: Is a light micrograph comparing loose connective tissue
(LOT) and dense connectl\imtl sue 1’) from the %mar%/ %and stalne I{:!haematoxylm and
eosin (from Kastélietai Iﬂuﬁlcomposntle%?rué e of oA fﬁ‘)nne ve Tissue Research,
1978, Vol.6, pp. BE-CZ0ZB) NERithelium ¢EPRRHISE BROWN OFighe 14 n1ssnééliematic diagram of the
tendon (adapted from Kastelic et al. "The Multicomposite structure of Tendon" Connective Tissue

Resea“*]19781y0|6 Bp2%1§§§§91ng electron microscopy (SEM) image (X100)

of a bioscaffold shown in Figure 1.

Figure 3: Scanning electron microscopy (SEM) image (X1000)

10 of the bioscaffold of the invention.

Figure 4: Confocal image of a commercially available

bioscaffold (SIS/Lycol collagen membrane).

15 Figure 5: Scanning electron microscopy (SEM) image (X200)

of a commercially available bioscaffold (“Bio—gide”).

Figure 6: Scanning electron microscopy (SEM) image (X1500)
of a commercially available bioscaffold (Lycol collagen

20 membrane) .

Figure 7: Is a graph showing comparative load-extension
curves for a bioscaffold in accordance with an embodiment
of the invention and another commercially available

25 collagen membrane.

Figure 8: Is a bar graph showing comparative mean modulus
for bioscaffolds in accordance with the present invention
and commercially available Bio-gide collagen membrane

30 scaffolds;

Figure 9: 1Is a bar graph showing comparative mean maximum
load for bioscaffolds in accordance with the present
invention and commercially available Bio—gide collagen

35 membrane scaffolds;

Figure 10: Is a bar graph showing comparative mean



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 30 Before describing
embodiments of the present invention in detail, it is to be understood that this invention is not limited to
particularly exemplified methods and may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing - 8 - particular embodiments of the invention
only, and is not intended to be limiting which will be limitéd only by the appended claims. 5 All
publications, patents and patent applications cited herein, whether supra or infra, are hereby
incorporated by refarence imtheir erxetyuidowever, publivaticnsaméntiosed. hereirr argdeited:for the

purpose of describing, apd disclesing, the: protegols and feagents ahich are,1Q feported i theo -
publications and which miquthbe used in connection ¥v'th the invention. Nothing herein is to be
de co b %m%

construed as an ddmission that the MVenton is Aot en 16 antedate such disclosure by virtue of
prior invention. 15 The practice of the present invention will employ, unless otherwise indicated,

conventionaktechnigues ofi gell auturecall bjelogy anddissue engineering: which-are withia the skill of
the art. Such technligLITJ_)%s are. d%gcorisbgdé'fo i dtgle iIirtlera;[:ur((-;. ee fé)r exgmp{%eColi éslgeeﬁtta/., 1999
"Current protoco% in Protein science” oﬁjme_ | and Ti (ﬁoﬁn ‘Wﬁey §ZJ_Sons_lnc.)fp oss et al., 1995
"Histology: Text aAt Allas'oBrd Ed. (WliaRTs & WitkiAs)2 kKHidel & PRtterson tedO) 1FPEMissue
Culture" (AcademicrRressy 25@nfifAlbers et ah2000 "Molecular Biology of the Cell" (Garland
Science). It must be noted that as used herein and in the appended claims, the singular forms "a",

"an”, and "thg" inglude. 30 plyral reference upless the cenfextcleay dictatese mean
extension at yield for bioscaffolds in accordance with the
present invention and commercially available Bio-gide

collagen membrane scaffolds.

15 Figure 13: Is a light micrograph comparing loose
connective tissue (LCT) and dense connective tissue (DCT)
from the mammary gland stained with haematoxylin and eosin
(from Kastelic et al. “The Multicomposite structure of
Tendon” Connective Tissue Research, 1978, Vol.6, pp. 11-

20 23) . Epithelium (EP) is also shown.

Figure 14: Is a schematic diagram of the tendon (adapted
from Kastelic et al. “The Multicomposite structure of
Tendon” Connective Tissue Research, 1978, Vol.6, pp. 11-

25 23).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 Before describing embodiments of the present invention in
detail, it is to be understood that this invention is not
limited to particularly exemplified methods and may, of
course, vary. It is also to be understood that the

terminology used herein is for the purpose of describing



otherwise. Thus, for example, a reference to "a cell" includes a plurality of such cells, and a reference
to "an agent" is a reference to one or more agents, and so forth. Unless defined otherwise, all
technical and scientific 35 terms used herein have the same meanings as commonly understood by
one of ordinary skill in the art to which this invention belongs. Although any materials and methods
similar or equivalent to those described herein can be used to practice or test the present invention,
the preferred materials and methods 5 are now described. In some embodiments the present invention
is directed towards: athioschffoldcedmprisiag ttellagert fibersrordnindes. 101Qollagen bundies-are

composed of collagen fihers. Collggen fihers ate qompased ofithree polypeptide shaing thatjatertwine
to form a right-handed tgglg hellix.. rI%ach collagen polypeptide chain is designated as an a chain and 15
is rich in glycine,aﬁ)%llenne and ﬁy&r%x;s/proline. There are a number of different a chains and different

combinations of these a chains correspond with different types of collagen. In some embodiments, the

bioscgffold of th%prgsgnﬂdpyerat{qmmpﬁa&gty@g Iagﬁ)diag@m.eﬁytpe.am collagenis C@mpglged of two
al chains and ong 3.2,ghain, |n spme eBadiments, (pe collggen fibets o7 Ryndles arepoyided from

dense connective tissue isolated from a source. The term "dense connective tissue" as used herein 25

refers to the matri¢ ESAPRSEd phintdrRy-6f P Hedhdger flersdr bundidsiforihd GA the tendons,
ligaments and demmis abalémanemalsn Asrkustrated infBiguré & 3pdemnseseonnective tissie rsydistinct

from "loose connggliveiSsues skoese-ennectye tissue ischaractedsed Pynsi ch are

10 reported in the publications and which might be used in
connection with the invention. Nothing herein is to be
construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior
invention.

15
The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of cell
culture, cell biology and tissue engineering, which are
within the skill of the art. Such techniques are described

20 in the literature. See, for example, Coligan et al., 1999
“Current protocols in Protein Science” Volume I and II
(John Wiley & Sons Inc.); Ross et al., 1995 “Histology:
Text and Atlas”, 3@ Ed., (Williams & Wilkins); Kruse &
Patterson (eds.) 1977 *“Tissue Culture” (Academic Press);

25 and Alberts et al. 2000 “Molecular Biology of the Cell”

(Garland Science).

It must be noted that as used herein and in the appended

claims, the singular forms “a”, *“an’”, and “the” include
30 plural reference unless the context clearly dictates

otherwise. Thus, for example, a reference to “a cell”

"

includes a plurality of such cells, and a reference to “an
agent” is a reference to one or more agents, and so forth.
Unless defined otherwise, all technical and scientific

35 terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which

this invention belongs.



30 loosely arranged fibers and an abundance of cells and is present, for example, beneath the
epithelia that covers body surfaces and lines internal organs. Dense connective tissue may be regular
or irregular. 35 Dense regular connective tissue provides strong connection between different tissues
and is found in tendons and ligaments. The collagen fibers in dense regular - 10 - connective tissue
are bundled in a parallel fashion. Dense irregular conrective tissue has fibers that are not arranged in
parallel bundles as in dense regular connective tissue and comprises a large portion of the 5 dermal
layer of skin. The bioscaffold of the present invention may be composed of either regular dense

connective tissueyordensaniregylar connestive tissuenor Aombination: of bothe 10 Theterm “"source”
as used herein regerstt}g)oasné/ tfifesue C né%?ni{}grdeense connngé:tive ti s%e in any mammal. Ir]Esome
a i

) . SCri in. C .us o) ctice est .
embodiments, the Tisste 2on ining dense connectivetissue is atendon FA tendon is the tissue which

connects muscletBbopesA Arhaiitian inlether BRfbdeinERISIAE tii3Ge s 83 epRendaie Epiéndon is
the thin connective tissus.capsite-that surrounds the substance of the tendon, as illustrated in Figure
14. The tendon may be from any anatomical site of an mammal 20 and may be a rotator cuff tendon,

supraspinatus tendon, subcapularis tendon, pectroalis major tendon, peroneal tendon, achille's
tendon, ibialis antétiot WRdSHeRemsErciakeligrRent posteyier Ertfeiaté figamemt Hrinstring
tendon, lateral ligammentdmediab ligamenf,old comprising collagen fibers or

bundles.
10
Collagen bundles are composed of collagen fibers.
Collagen fibers are composed of three polypeptide chains
that intertwine to form a right-handed triple helix. Each
collagen polypeptide chain is designated as an o chain and
15 is rich in glycine, proline and hydroxyproline. There are
a number of different o chains and different combinations
of these o chains correspond with different types of
collagen. In some embodiments, the bioscaffold of the
present invention comprises type I collagen. Type I

20 collagen is composed of two @l chains and one o2 chain.

In some embodiments, the collagen fibers or bundles are
provided from dense connective tissue isolated from a
source. The term “dense connective tissue” as used herein

25 refers to the matrix comprised primarily of type I
collagen fibers or bundles found in the tendons, ligaments
and dermis of all mammals. As illustrated in Figure 13,
dense connective tissue is distinct from “loose connective
tissue”. Loose connective tissue is characterised by

30 loosely arranged fibers and an abundance of cells and is
present, for example, beneath the epithelia that covers

body surfaces and lines internal organs.

Dense connective tissue may be regular or irregular.
35 Dense regular connective tissue provides strong connection
between different tissues and is found in tendons and

ligaments. The collagen fibers in dense regular



25 patella tendon, biceps tendon, and triceps tendon. The epitendon may also be isolated from any of
the above tendons. Tendon may be isolated from a source in a variety of ways, 30 all which are known
to one skilled in the art. In some embodiments, a section of tendon can be isolated by biopsy using
conventional methods. In some embodiments, the tissue containing dense 35 connective tissue may
be isolated from any mammalian animal including, but nbt limited to a sheep, a cow, a pig or a human.
In other embodiments, the tissue containing dense connective tissue is isolated from a human. In
some embodimentsp thectissue contaminedendeucohnettive tissweris? altdlogoust pe. -isolated from
the 5 body of thergubiect in-pegd of ireatment- ot example, & mammaliansubjectwith-a refator cuff
tear can have a bioesay takgn from anéfﬁnio%in thfir bodg. Sucl&tendons include, but are not limited
to, tendon of flexdt Carpr radialis and the calcanieus tendan. 10 In"Some embodiments, the present
invention provideSabivsEaficld cbaftisimg greaterthan 89% typeridcollagen Linothér Emdodiments,
the bioscaffold cemprises atleast 83%dype | coltagens I stilk ether @yodimentsrthediescaffold
comprises greater t(}arg1 90% tyrgg I qgélagen. The 80”83%%” jfjck%?rs or QUHQLI% Oofl é@les Qloscaffold form a

. e Q ompose er r . .
knitted structure.llIhe term ’Enltte_% structurepas usea herein refers to a structure comprising first and
second connective tissue or dense irregular connective tissue, or

a combination of both.

10 The term “source” as used herein refers to any tissue
containing dense connective tissue in any mammal. In some

embodiments, the tissue containing dense connective tissue

is a tendon. A tendon is the tissue which connects muscle
to bone in a mammal. In other embodiments the tissue is
15 epitendon. Epitendon is the thin connective tissue

capsule that surrounds the substance of the tendon, as

illustrated in Figure 14.

The tendon may be from any anatomical site of an mammal

20 and may be a rotator cuff tendon, supraspinatus tendon,
subcapularis tendon, pectroalis major tendon, peroneal
tendon, achille’s tendon, ibialis anterior tendon,
anterior cruciate ligament, posterior cruciate ligament,
hamstring tendon, lateral ligament, medial ligament,

25 patella tendon, biceps tendon, and triceps tendon. The
epitendon may also be isolated from any of the above

tendons.

Tendon may be isolated from a source in a variety of ways,
30 all which are known to one skilled in the art. In some
embodiments, a section of tendon can be isolated by biopsy

using conventional methods.

In some embodiments, the tissue containing dense
35 connective tissue may be isolated from any mammalian
animal including, but not limited to a sheep, a cow, a pig

or a human. In other embodiments, the tissue containing



20 groups of fibers or bundles where fibers or bundles in the first group extend predominately in a first
direction and fibers or bundles in the second group extend predominately in a second direction, where
the first and second directions are different to each other and the fibers or 25 bundles in the first group
interleave or otherwise weave with the fibers or bundles in the second group. The difference in
direction may be about 90' Figures 1-3 depict the physical structure of an embodiment 30 of the
bioscaffold at increasing magnifications of 20, 100 and 1000 times respectively. As is evident from
these Figures, embodimernts oétheibiostadffod are eharacterised byraknitedwstacture of fibers or
bundles. This knitted structure applies to both collagen fibers or bundles and 35 elastin fibers. The
knitted structure iomgrises a f'rstogroug of fib%Els or hundles exteQdin{Q_in a fg;st direction D1 and a
second group of fibers B buntiss eXtending in'a° - 12 5&tond directioh D2 RAL TS different to, and
indeed in this embedimettiatappiediately 904 tdireetdon B THe fiberssorlsurritestincaachigroup

interweave vgith eacdnotber fofming:a poreus struciuee promoting-eelhgrowtr withinea tha biosgaffold.
Figure 3 depicts bothmcqlggen bgrs ar_bun |$S 10 and eclastin ﬂl%efrs 12. The collgg\e]ré figers or

fi
t T . t :
bundles 10 are differentiated from the elastin fibers 12 Sy their greaterelaor thickness and twisted

configuration. Asis fliriiertabpare ftfiin Figure S &opresBnt&iRbbdirmsht of e Bioseafsa s
composed largely ot toltagendibers ot bundles i tr particularctheccollagen Tibets oty pundles 10

may be provided,in an_amaunt of approximately 80%-90%,af type 1 collagen fibers or bundles with the

elastin fibers 12 being provided in an amount of between 10-20%. The remaining portion of the fibre

content of th® bioscaffold is provided by other types of collagen fibers
In some embodiments, the present invention provides a

bioscaffold comprising greater than 80% type I collagen.
In other embodiments, the bioscaffold comprises at least
85% type I collagen. In still other embodiments the

15 Dbioscaffold comprises greater than 90% type I collagen.

The collagen fibers or bundles of the bioscaffold form a
knitted structure. The term “knitted structure” as used
herein refers to a structure comprising first and second

20 groups of fibers or bundles where fibers or bundles in the
first group extend predominately in a first direction and
fibers or bundles in the second group extend predominately
in a second direction, where the first and second
directions are different to each other and the fibers or

25 bundles in the first group interleave or otherwise weave
with the fibers or bundles in the second group. The

difference in direction may be about 90°%

Figures 1-3 depict the physical structure of an embodiment
30 of the bioscaffold at increasing magnifications of 20, 100
and 1000 times respectively. As is evident from these
Figures, embodiments of the bioscaffold are characterised
by a knitted structure of fibers or bundles. This knitted
structure applies to both collagen fibers or bundles and
35 elastin fibers. The knitted structure comprises a first
group of fibers or bundles extending in a first direction

D1 and a second group of fibers or bundles extending in a



20 or bundles including type Ill, type IV, type V and type X. It is believed that the knitted structure of
embodiments of the present bioscaffold provide superior mechanical properties to those of currently
known bioscaffolds. The 25 difference in structure is exemplified by consideration of currently available
bioscaffolds depicted in Figures 4-6. Figure 4 is a confocal image of commercially available
SIS/Lycol collagen membranes. This clearly depicts a364andom arrangement of collagen bundles
and fibers. Figure 5 provides a scanning electron microscope image at 200 times magnification of the
commercially availabtenbiogidescollagenernbeenel  heirahdormarrdngernment afi3seeallagen and

elastin fibers is clegrly evident andreadily distinguishable from the knjttad struetusg shown irfigure -
13 - Figure 6 is afs_cgnning elegtrogﬁpﬁiﬁroscope igqa e at 1500 times ma nific%tkilon of ;ﬁcorglhmercially
available Lycol coltagen mémbrane. This tleary |sg15§/33u B raRd&m "5 distriblition of eoltaden fibers in a
collagen "gel" mdtaxmifids peheveeithas thekiitiee stuefed imembodiments vt therpidsent invention
provide increased meaximusr-tensde 40 load strength compared to currently available scaffolds. The
term "maximum tensile load strength" as used herein refers to the maximum tensile load that the
bioscaffold can bear. On a Load v Extension curve this is represented 15 by the peak load on the
curve. In some efnbddfRents fiel5ibScATftd has Madfriunt terRNE I64d Stréngth Bf HfedtBFthan 20N.
In some embodimeéntst the Hioseaffold ot theTpresentlinvgrtiorf has maximubundles 10 are

differentiated from the elastin fibers 12 by their greater

10 thickness and twisted configuration.

As is further apparent from Figure 3, a present embodiment
of the bioscaffold is composed largely of collagen fibers
or bundles 10. In particular, the collagen fibers or

15 bundles 10 may be provided in an amount of approximately
80%-90% of type 1 collagen fibers or bundles with the
elastin fibers 12 being provided in an amount of between
10-20%. The remaining portion of the fibre content of the
bioscaffold is provided by other types of collagen fibers

20 or bundles including type III, type IV, type V and type X.

It is believed that the knitted structure of embodiments

of the present bioscaffold provide superior mechanical

properties to those of currently known bioscaffolds. The
25 difference in structure is exemplified by consideration of

currently available bioscaffolds depicted in Figures 4-6.

Figure 4 is a confocal image of commercially available
SIS/Lycol collagen membranes. This clearly depicts a

30 random arrangement of collagen bundles and fibers.

Figure 5 provides a scanning electron microscope image at
200 times magnification of the commercially available bio-
gide collagen membrane. The random arrangement of

35 collagen and elastin fibers is clearly evident and readily
distinguishable from the knitted structure shown in Figure
3.



20 tensile load strength greater than 25N, 40N, 60N, 80N, 100N, 120N or 140N. Further, it is believed
that the knitted structure of the embodiments of the bioscaffold provides reduced extension 25 at
maximum load of the bioscaffold while providing an increase in modulus. The term "modulus” as used
herein means Young's Modulus and is determined as the ratio between stress and strain. 30 This
provides a measure of the stiffness of the bioscaffold. In'Some embodiments the bioscaffold has a
modulus of greater than 100 MPa. In other embodiments the bioscaffold 35 has a modulus of greater
than 200 MPa, 300 MPa, 400 MPa, or 500 MPa. - 14 - The term "extension at maximum load" as

used herein means the extensionofdhe bipseaffeld-atithe maxipugy tenisile Jaad;strength ygterenced to
the original length of the bioscaf%old in a non-loaded condition. '[tl]is is to b?a (‘ioentiaséwith maximum

extension which Will'he gfeater in ggrtn%aoélmBOO_Ii%ecn S, thé ‘pidscaffold Ras exteRisioh at maximum load
of less than 85% %% tH& BAGINAFRAGEN A0 Fighies7 depitis # cohfifariznh of thengad v Extension

curve of a bigscaffolt iniascoidancerwith anenbodimest of the presentiinyentionyslepicted as curve
A; and, a current!x vrailable bio-gide collagen membrane scaffold, depicted as curve B. The initial
length of both scaffolds 15 tested is 10mm. Accordingly, in this particular test,

It is believed that the knitted structure in embodiments
of the present invention provide increased maximum tensile

10 load strength compared to currently available scaffolds.

The term “maximum tensile load strength” as used herein
refers to the maximum tensile load that the bioscaffold
can bear. On a Load v Extension curve this is represented

15 by the peak load on the curve.

In some embodiments, the bioscaffold has maximum tensile
load strength of greater than 20N. In some embodiments,
the bioscaffold of the present invention has maximum

20 tensile load strength greater than 25N, 40N, 60N, 80N,
100N, 120N or 140N.

Further, it is believed that the knitted structure of the
embodiments of the bioscaffold provides reduced extension
25 at maximum load of the bioscaffold while providing an

increase in modulus.

The term “modulus” as used herein means Young’s Modulus
and is determined as the ratio between stress and strain.

30 This provides a measure of the stiffness of the
bioscaffold.

In some embodiments the bioscaffold has a modulus of
greater than 100 MPa. In other embodiments the bioscaffold

35 has a modulus of greater than 200 MPa, 300 MPa, 400 MPa,
or 500 MPa.



where the extension is also shown in millimetres, the extension in millimetres corresponds with a
percentage increase in extension. For example, an extension of 6mm represents an extension of 60%
of the at rest unloaded 20scaffold. It is noted that curve A has a shape that approximates the upwardly
concave shape of the Load v Extension curve for a tendon or ligament in that it includes a toe region, a
25 linear region and a yield and failure region. In a tendénA or ligament, the toe region is characterised
by crimps being removed by elongation. The linear region is characterised by molecular cross-links of
collagen being stféssete Thisregicmis indicativenefthe stiffhess 6f 36 the tehdoareriligansentsThe

yield and failure regionsisichakacigrised by the,onsetof £5ass-lnk o fibredamage leading wltimately to

failure. Point P1 on curve A in Fjgure 7 shows a maximum tensile 35 load strength o 0.63N of the
] t ol R e

tested embodiment of tha bioseaffold SRS ExterSior of the bioscatd

7.67mm. As the iitiab apielse lehgii of -N&-theadsddsioscaffotdis T0rhm, isis Fepresents an

extension ofs76. 796 nlrcontrast, the maximuwin tensie oashstrength R2iofithpoprigr astrscaffold shown
in curve B is approximately 19N and provides an extension of 5 approximately 10.9mm equating to a
100.9% extension in length. Point P3 on the curve A shown in Fi%ure 7 represents the yield point of

the present testedenibHnERPBF tHEETH BiosEaffoll 1 PRE Fiel@ point ISt PGiRtAt Rhieh the

maximum load of less than 85% of the original length.

10 Figure 7 depicts a comparison of the Load v Extension
curve of a bioscaffold in accordance with an embodiment of
the present invention, depicted as curve A; and, a
currently available bio—-gide collagen membrane scaffold,
depicted as curve B. The initial length of both scaffolds

15 tested is 10mm. Accordingly, in this particular test,
where the extension is also shown in millimetres, the
extension in millimetres corresponds with a percentage
increase in extension. For example, an extension of 6mm
represents an extension of 60% of the at rest unloaded

20 scaffold.

It is noted that curve A has a shape that approximates the
upwardly concave shape of the Load v Extension curve for a
tendon or ligament in that it includes a toe region, a

25 linear region and a yield and failure region. In a tendon
or ligament, the toe region is characterised by crimps
being removed by elongation. The linear region is
characterised by molecular cross-links of collagen being
stressed. This region is indicative of the stiffness of

30 the tendon or ligament. The yield and failure region is
characterised by the onset of cross-link or fibre damage

leading ultimately to failure.

Point Pl on curve A in Figure 7 shows a maximum tensile
35 load strength of 140.63N of the tested embodiment of the
bioscaffold. The extension of the bioscaffold at this

maximum load is 7.67mm. As the initial at rest length of



bioscaffold commences to fail. Beyond the yield point, upon relaxation of the tensile load, the scaffold
will not return to its original length. It remains plastically deformed. The yield point for the tested
embodiment of 15 the bioscaffold is at a tensile load of approximately 114N and provides an extension
of approximately 6.25mm representing a 62.5% increase in length. With the prior art scaffold shown by
curve B, the yield point is difficult to discern but may be approximated by point P4 20 on curve B at a
load of approximately 19.4N giving an extension of approximately 9mm or 90%. In order to maximise
the mechanical fofce trasmeissibn efficidricylof a tendomnit is desiratse forthe tendon to 25 undergo

low extension under physiglegical eenditions. itis thereforedoeliened io beheneficiakfor bioscaffolds
used in tendon ang ligament Eezoair to have minimal extensiogfa axigum extension. Th]gs property
f e 1S

t
may also be gau§&d by Aslessing the Hodlius or the bidscabid- As*30tHe mddGtisYs amassure of

the stiffness, it isaieirabletatitave d Plativedy RighvmedglusNFiguFe Byraphiedlly represents the mean

modulus of gix saipples:of van empodimentofdhe biascaffols in accordence3wih dhe present
invention, depictq]d as bgr A, and the prior art Bio-gide collagen membrane, depicted by bar B. - 16 -

. ) ch. ) . . . .
Figure 9 graphica Fyn(?eplcts a comparison of the mean maximum load (ie, mean maximum tensile load

strength) of embodiments of the present bioscaffold shown as bar A, and the prior art scaffold shown
as bar B. The upperibhoR2ontal lineonbarA & commensuratel with goint:Rler santesAshewn in

Figure 7. The upper.herizonialbag enbar B in Eighre Dds represamiative ok thegoiph,R2 on curve B in
Figure 7. bioscaffold. The yield point is the point at which the
bioscaffold commences to fail. Beyond the yield point,
upon relaxation of the tensile load, the scaffold will not
return to its original length. It remains plastically
deformed. The yield point for the tested embodiment of
15 the bioscaffold is at a tensile load of approximately 114N
and provides an extension of approximately 6.25mm
representing a 62.5% increase in length. With the prior
art scaffold shown by curve B, the yield point is
difficult to discern but may be approximated by point P4
20 on curve B at a load of approximately 19.4N giving an

extension of approximately 9mm or 90%.

In order to maximise the mechanical force transmission
efficiency of a tendon, it is desirable for the tendon to

25 undergo low extension under physiological conditions. It
is therefore believed to be beneficial for bioscaffolds
used in tendon and ligament repair to have minimal
extension at maximum extension. This property may also be
gauged by assessing the modulus of the bioscaffold. As

30 the modulus is a measure of the stiffness, it is desirable

to have a relatively high modulus.

Figure 8 graphically represents the mean modulus of six
samples of: an embodiment of the bioscaffold in accordance
35 with the present invention, depicted as bar A, and the

prior art Bio-gide collagen membrane, depicted by bar B.



10 Figure 10 graphically depicts the mean extension at maximum load of embodiments of the present
scaffold, depicted by bar A, and of the prior art scaffold, depicted by bar B. The upper horizontal line
on bar A in Figure 10 is commensurate with the extension shown in Figure 7 at 15 the point P1 on
curve A. Similarly, the horizontal bar P2 on bar B in Figure 10 is commensurate with the extension at
point P2 on curve B in Figure 7. Figure 11 depicts them&ar yield point (ie, tensile load 20 at yield) for
embodiments of the present scaffold, depicted by bar A: and, for the prior art, depicted by bar B. The
upper horizontal ing ®BcorP bar Awf Figuré v ldiswonimeasuyrateowith sloe load athpoimteR3 on curve A in
Figure Zbiirﬂlarwquegmg@@@) 7bﬁ|£e_ Ré %%Q%&%y@?ﬂ%ﬁglﬂs 11%i§&0&mgﬂa%1§$efwﬁh the load
at poin shown in curve B on Figure 7. Figure icts n extension at yield o
embodiments of ﬁwnébﬁr%%ﬁp Scaffold %ﬁa San %or%gé) 55%]%%?%% ssc%;%%fb %Sb;%aé:. THe Gpiser
horizontal line P3-6& bar Adh Fgliresr2istcokdmehsuraté withake extenSion aopsint P3 on curve A in
Figure 7, while thecapeihasizontah bapanbar Bainifggurenk issearmengtitate piathrtheextension at
point P4 on curve, 1§ri‘r}eFi%urSeh7. 35 - 17.-.above. As p.r%yligusg disc. sgeg,ztgg bing%aa{froldoig composed

. F . . .
of dense connective tissue. Ac%g?ldlﬁaé; the first step in mant gcetﬁrlng the scatffa(l) d comprises isolating

collagen fibers oPBtindtes frofit & W&mrhat S5 SBEHREUTcdNagEn fibers Gr Biftids WoulktFbe known to
a person skilled inihe arttanchateiajse discussed supra. The collagen fibers or bundles once isolated
are incubated in a solution of NaOH, alcohol, acetone, HO1 and ascorbic
10 Figure 10 graphically depicts the mean extension at
maximum load of embodiments of the present scaffold,
depicted by bar A, and of the prior art scaffold, depicted
by bar B. The upper horizontal line on bar A in Figure 10
is commensurate with the extension shown in Figure 7 at
15 the point Pl on curve A. Similarly, the horizontal bar P2
on bar B in Figure 10 is commensurate with the extension

at point P2 on curve B in Figure 7.

Figure 11 depicts the mean yield point (ie, tensile load
20 at yield) for embodiments of the present scaffold,

depicted by bar A: and, for the prior art, depicted by bar

B. The upper horizontal line P3 on bar A of Figure 11 is

commensurate with the load at point P3 on curve A in

Figure 7. Similarly, the upper horizontal bar P4 on bar B
25 in Figure 11 is commensurate with the load at point P4

shown in curve B on Figure 7.

Figure 12 depicts the mean extension at yield of
embodiments of the present scaffold in bar A, and for the
30 prior art scaffold in bar B. The upper horizontal line P3
on bar A in Figure 12 is commensurate with the extension
at point P3 on curve A in Figure 7, while the upper
horizontal bar on bar B in Figure 12 is commensurate with
the extension at point P4 on curve B in Figure 7.
35
Naturally, aspects of the present invention also encompass

methods of manufacturing the scaffold described in detail



10 acid in a warm and cold cycle and under vacuum conditions. The fibers or bundles are then
mechanically manipulated in order to flatten the surface of the scaffold and produce a knitted structure
described above. 15 The bioscaffold of the present invention may be used in repairing a tissue defect
in a mammalian animal. It will be appreciated that the tissue in need of repair may be any tissue found
in a mammalian animal, including but not limited to epithelium, connective tissue or muscle. 20 The
terms "repairing” or "repair" or grammatical equivalents thereof are used herein to cover the repair of a

tissue defect in aahamemaliaksammay, prefelably sslouman ' Rapair vefess &5 thelformation of new
tissue sufficient Zaipatdeastpartiallysill a yaidrstructyraldiscontinuity at & tispike, defget site. Repair
does not howeve ,mean or otherwise ne(‘fessitate, a process of ¢o Igte healing or a treatment,

S T nura the <§% es

which is 100% effective at restorifig BYsa0a defécts its'pre-Hetec compris

physiological/structgrafiimeehanical st Thidens "dssieidefees drirtgswe defecadite”, refers to a
disruption of epitheliumcconnective Dk Juiscle: tissue. Hrtissueddeiectresults ina tisseperdorning at

35 a suboptimal IeveIS%rnbeSng iq_g éugopg@gl gq_,r%digora Fq_lreexgpsp()le, tis%use d fe% Epraé( .be a partial

thickness or full thickness tear in a tendon or the result of local - 18 - cell death due to-an infarct in
heart muscle. A tissue defect can assume the configuration of a "void", which is understood to mean a
three-dimensionatidefect suehas, forlexample, &gap,leavitynheleiorcathersubstantiat Sudisrtyption in

the structural integtity, ot tihe gpithelium, gopnectlye yymysclg lissue.dn certpin, gmbodiments the

tissue defect is such that it is incapable of en(éroﬂ%enous or spontaneous repair. A tissue defect can be

the result of dccidéntdisBade,"aHdlo P8ttt thamisul&tigh For it exarmpie “Eartifdyd defeti may be
the result of traurfago aijoit such asundisplacement b tornesdriscustissuerintoithe jeintTissue

defects may be alsoibe the result:afdegeneraliverdiseases such as-esteeathilitys produce a

knitted structure described above.

15 The bioscaffold of the present invention may be used in
repairing a tissue defect in a mammalian animal. It will
be appreciated that the tissue in need of repair may be
any tissue found in a mammalian animal, including but not
limited to epithelium, connective tissue or muscle.

20
The terms *“repairing” or “repair” or grammatical
equivalents thereof are used herein to cover the repair of
a tissue defect in a mammalian animal, preferably a human.
“Repair” refers to the formation of new tissue sufficient

25 to at least partially fill a void or structural
discontinuity at a tissue defect site. Repair does not
however, mean or otherwise necessitate, a process of
complete healing or a treatment, which is 100% effective
at restoring a tissue defect to its pre-defect

30 physiological/structural/mechanical state.

The term “tissue defect” or “tissue defect site”, refers

to a disruption of epithelium, connective or muscle

tissue. A tissue defect results in a tissue performing at
35 a suboptimal level or being in a suboptimal condition.

For example, a tissue defect may be a partial thickness or

full thickness tear in a tendon or the result of local



15 Typically, the bioscaffold of the invention will be implanted at the site of the tissue defect and
secured in place by any conventional means known to those skilled in the art, e.g. suturing, suture
anchors, bone fixation devices and bone or biodegradable polymer screws. 20 Throughout this
specification, unless the context requires otherwise, the words "comprise”, "comprising” and the like,
are to be construed in an inclusive sense as opposedtotdnexclusive sense, that is to say, in the
sense of 25 "including, but not limited to". The reference to any prior art in this specification is not, and
should not be takenlds, @pcadkndwde dgementior fanyformrof saggestiorsthate that prios artsforms part of

the 30 common gf@@é%kkwe@%ﬁhwew%%@t%lg&@a&wwﬁ al. ABiogeaffold cemprising
greater than 80% Wﬁe I 5 coll lagen flbers or b%ﬂdles @Vln a kmtte? énu ture and modulufs of

greater than 300 rat ﬂ%loscaff%? accor INg 1o claim 1. wherein gloscaﬁgo has’a modulus of
greater than 400 MRAPIG 3. A bieBcaffel Hetording fo @Iém@‘lhﬁrz,wm‘émhéadfoscaffold has a

modulus of greatgr than-20dMPan  thdA bioseaffoldaccordiag ta anpy enewfslaimstlrd11vmherein
the bioscaffold hag, an exfengion at maximum lead ot less han 85%,; 1 embodiments, the

tissue defect is such that it is incapable of endogenous

or spontaneous repair. A tissue defect can be the result

of accident, disease, and/or surgical manipulation. For

10 example, cartilage defects may be the result of trauma to
a joint such as a displacement of torn meniscus tissue
into the joint. Tissue defects may be also be the result

of degenerative diseases such as osteoarthritis.

15 Typically, the bioscaffold of the invention will be
implanted at the site of the tissue defect and secured in
place by any conventional means known to those skilled in
the art, e.g. suturing, suture anchors, bone fixation
devices and bone or biodegradable polymer screws.

20
Throughout this specification, unless the context requires
otherwise, the words “comprise”, “comprising” and the
like, are to be construed in an inclusive sense as opposed
to an exclusive sense, that is to say, in the sense of

25 “including, but not limited to”.

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgement or any
form of suggestion that that prior art forms part of the

30 common general knowledge in New Zealand.



5. A bioscaffold according to any one of claims 1-4, wherein the bioscaffold has an extension at
maximum load 200f less than 80%. 6. A bioscaffold according to any one of claims 1-5, comprising
greater than 85% type | collagen. 257.A bioscaffold according to any one of claims 1-6, comprising
greater than 90% type | collagen. 8. A bioscaffold comprising greater than 80% type | collagen fibers
or bundles having a knitted structure and 30 has an extérision at maximum load of less than 85%. 9.
A bioscaffold according to claim 8, comprising greater than 80% type | collagen fibers or bundles
having a knitted structure and has an extension at maximum load 35of less than 80%. - 20 - 10. A
bioscaffold according to any one of claims 1-9, wherein thgknitted structure comprises first and
second groups of collagen fibers or bundles where fibers or bundles in the first group extend
predominately in a first 5 direction and fibers or bundles in the second group extend predominately in a
second direction.l - 11. A Biesestfold adcbrdmtitsictdiny1@nshéin theafirsBArd s¥eend directions are

substantiallys10 pespeadicdlar to-each ethesu @1 Adiaseafiold aceording=to claim:40@rd lawnhere the

fibers or bundles in th%ﬂrlst roup are %ecneerralé)flgII%)lacag-:-éjoaEg,@rg1 from each other by a first distance and

the fibers 15 or bundies in the sec nc?group are generally spaced apart from each other by a second
distance and where the first and second distances are different to each other. 13. A bioscaffold
according to any one ofzclaimssH-iPpld according to claim 1, wherein the

bioscaffold has a modulus of greater than 400 MPa.
10
3. A bioscaffold according to claim 1 or 2, wherein the

bioscaffold has a modulus of greater than 500 MPa.

4. A bioscaffold according to any one of claims 1-3,
15 wherein the bioscaffold has an extension at maximum load

of less than 85%.

5. A bioscaffold according to any one of claims 1-4,
wherein the bioscaffold has an extension at maximum load
20 of less than 80%.

6. A bioscaffold according to any one of claims 1-5,

comprising greater than 85% type I collagen.

25 7. A bioscaffold according to any one of claims 1-6,

comprising greater than 90% type I collagen.

8. A bioscaffold comprising greater than 80% type I
collagen fibers or bundles having a knitted structure and

30 has an extension at maximum load of less than 85%.

9. A bioscaffold according to claim 8, comprising

greater than 80% type I collagen fibers or bundles having

a knitted structure and has an extension at maximum load
35 of less than 80%.



20 and wherein different fibers or bundles of the first group overly, or underlie or weave through the
fibers or bundles of the second group. 14. A bioscaffold according to any one of claims 1-13 for 25
use in the repair of a tissue defect in a mammalian animal. 15. A bioscaffold according to claim 1 or
claim 8, comprising greater than 80% type | collagen fibers or 30 bundles having a knitted structure, a
modulus of greater than 300 MPa and an extension at itdximum load of less than 85% for use in the
repair of a tissue defect in a mammalian animal. 35 16. A use according to claim 14 or 15, wherein the
mammalian animid is a humars caZl o 13, Adioscaffold 4% claimedire claimdl substahtidlly as

hereinbefore desgriped withmpartigular reference te any oneprtpore-af the,Figuresq S 8- Anhioscaffold
as claimed in claim 8, subst?ntialy as herejnhefore desckr)ibeg with e’%rticulay ference to any one or
Q &g les e 1

more of the figurgsr.ouf@. R ysg aslcefé]’i?nne in claim 14 o 15; sﬁbstantiéﬁﬁ/ as 10 ﬁére?ﬁbef_ore
described with pérticdlag feferericeeto fanysonedsompre st tecFigursominately in a first

5 direction and fibers or bundles in the second group extend

predominately in a second direction.

11. A bioscaffold according to claim 10, wherein the
first and second directions are substantially

10 perpendicular to each other.

12. A bioscaffold according to claim 10 or 11, where the
fibers or bundles in the first group are generally spaced
apart from each other by a first distance and the fibers
15 or bundles in the second group are generally spaced apart
from each other by a second distance and where the first

and second distances are different to each other.

13. A bioscaffold according to any one of claims 10-12,
20 and wherein different fibers or bundles of the first group
overly, or underlie or weave through the fibers or bundles

of the second group.

14. A bioscaffold according to any one of claims 1-13 for
25 use in the repair of a tissue defect in a mammalian

animal.

15. A bioscaffold according to claim 1 or claim 8,
comprising greater than 80% type I collagen fibers or

30 bundles having a knitted structure, a modulus of greater
than 300 MPa and an extension at maximum load of less than
85% for use in the repair of a tissue defect in a

mammalian animal.

35 16. A use according to claim 14 or 15, wherein the

mammalian animal is a human.
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17. A bioscaffold as claimed in claim 1, substantially as
hereinbefore described with particular reference to any

one or more of the Figures.

18. A bioscaffold as claimed in claim 8, substantially as
hereinbefore described with particular reference to any

one or more of the figures.

19. A use as claimed in claim 14 or 15, substantially as
hereinbefore described with particular reference to any

one or more of the Figures.



