A COLLACGEN SCAFFOLD FOR CELL GROAMH AND A METHOD FOR PRODUCI NG SAME FI ELD
OF THE I NVENTI ON The present invention relates to bioscaffolds and net hods
of manuf asouniomgdiitoscaffol ds. In particular the inventiPOWAR@IBEI4E0 a
bi oscaffold conprising greater than 80%type | collagen fibers or bundles
having a knitted structure providing nechani cal strength and elasticity.
| NTRODUCTI ON Bi oscaffol ds are structures -that replace an organ or tissue
tenporarily or permanently to aid the restoration of normal function. The
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favour tlS§&§E§3é§9&§§L3§3%§2v§gfCU|arlsatlon b ) appropriately biodegrade
and bi ores I ssue ultimately replaces the scaffold; c
) surfate chemstry that pronotes cell attachnent, proliferation and
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naturally derived materials. Far_ex
synthetlg 80% type I collagen %1ber%nggebu%d es Lgf%% %9 & %g@inade from

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



pol ymers such as polyglycolic acid, polylactic acid and their copol yners.
Naturally derived materials fromwhich bioscaffolds are made include
protei n awo 2evwdoedtydr at epol yners. As wel | as being fabr pcatsadodwomdgari ous
materi al s, bioscaf folds have been manufactured in different fornms such as
menbr anes, m crobeads, fleece, fibers and gels. However, currently
avai |l abl e bi oscaf folds have a nunber-of -drawbacks. Synthetic polyner
scaffol ds do not possess surface chemstry famliar to cells and therefore
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responses da@<t'§ BP ffc€ ‘of residual foreign cells fromthe host from

which the material was isolated. Further, the pore size and structure of
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repair. Accordingly, there |s a need veI ? gscaffq}d t hat better

promot es c@tltag ed HE S FES Y SSUMVARY OF
THE | NVENTEGNffolds 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.



The inventors of the present invention have devel oped a nethod for
produci ng a novel bioscaffold conprising collagen fibers or bundl es which
have i nprwoediomopgierti es includi ng superior mechani cal sCTangvds/oepared to
currently avail abl e col |l agen bi oscaffol ds. Accordingly, in a first aspect

t he present invention provides a bioscaffold conprising greater than 80%
type | collagen fibers or bundles havimg-a knitted structure and a maxi num
tensile | oad strength of greater than 20N. In sone enbodi ments, the maxi num
tensile 'Oigcékat%gg&p Oant he ffi&%%ca%g@c@ kel peatent! Rk #@Norl n ot her
enbodi nent s mumtensil e | oad streng t reater than 60ON._ In

anot her enBEEVAERE, atﬁéoﬁﬁﬁﬁéﬁ%pt€Q§PFéSP§§d9§FP§ﬁ t Fheg §0&atdPS fan 120N.
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than 140N. In sone enbodi, b|o fol d has_a godul of greater
than 100 NPamaFﬁmBWhEFnéﬁggdﬁﬁﬁ rFHg 85I q& & e&rggg 2%§én 200 MPa. In
aggtgersenbodlnent t he nodul us |s greater than 300 MPa. In still other
enbodi nment h reqtar 0 1 al | er
errbodlrrentzh %ﬁgenggﬂPégmfgthea gr 5% uébge%gale &ﬁ%?bngr%ﬁ%&%ﬁﬁghts, t he
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enbodi ment gpLEReMEXEENSEAR AbxTBNNTEENS93E 19akiestrehdt A% Jrikatere
embodi ments, the bioscaffold conpris reater than.8 Wbtype I Il%pen. In
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col |l ages. strength is greater than 120N. In still other

embodiments, the maximum tensile load strength is greater
than 140N.

In some embodiments, the bioscaffold has a modulus of

15 greater than 100 MPa. In other embodiments, the modulus
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

20 MPa.

In some embodiments, the bioscaffold has an extension at
maximum load of less than 85%. In other embodiments, the
extension at maximum load is less than 80%.

25
In some embodiments, the bioscaffold comprises greater
than 85% type I collagen. In other embodiments, the

bioscaffold comprises greater than 90% type I collagen.

30 In some embodiments, the bioscaffold has a knitted
structure comprising first and second groups of collageﬁ
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

35 second direction.

In some embodiments, the first and second directions of



I n sone enbodi nents, the bioscaffold has a knitted structure conprising
first and second groups of collagen fibers or bundl es where fibers or
bundl es iwothw/dop31st group extend predom nately in a fiPst/adizo@®aian and
fibers or bundles in the second group extend predom nately in a second
direction. In sonme enbodi nents, the first and second directions ofthe
groups of collagen fibers or bundles are-substantiallyperpendi cul ar to each
other. In other enbodi nents, the fibers or bundles in the first group are
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In a 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

35

will be appreciated that the dense connective tissue used
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



of: (a) isolating collagen fibers or bundles froma manmal ; (b) incubating
said fibers or bundles in a mxture of NaOH, al cohol, acetone, HCO and
ascor bi c woi2d10/mpsi1(c) nechani cal mani pul ati on of said PChaRo@yoi4ndl es to

produce a knitted structure . In some enbodi ments, the collagen fibers or
bundl es of the bioscaffold are provided from dense connective tissue. It
w Il be appreciated that the dense conngctive tissue used in this

enbodi ment of the bioscaffold as described herein can be isolated from any

tissue contaijiRg dense GINQGIHIE rdritstend SR eibadi fRhidord he tissue
is atendon. I n other enbodinents the tissue is epitendon. The tendon or

epi t endon FRE eI ERIGRIVIOT MY Kfy Thelt ARt diendae o™ A%hi nal  and
my be a redlt@micullf dierddE SUpIrESRIINANG Mandan,a sthrcayuit ard £ t endon,

pectroalis major tendon, perqneal_tendon, achille's. tendo tibialis
ant eri or t&ﬁcﬁ}gﬁ,n'aﬁtué’rri satteeqqqod’at <© c}éjtaexflisoretecrf’é]u%r}'at e |igament,

hanst ri ng peadaoalliat ersglod itgarknt,, peediredall itgardort,, guttielled € endon, bi ceps
t endon, an ri ceps . I ql@ﬂﬂi / d(_ﬁ_q&q nective

ti ssue nangéld:ogldl %tltgg'%fq(rio%maé{r%yesrﬁar%m I an_r{;ﬁ%exltl% u |_ﬂg,%t not limted
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connective 1Li3sha 113 Ja3RIAtl ethddiM & iysnhe | patd1la ddiviorgminidiepant s t he

dense connective tissue i s autol ogous.” The présent invention also provides
a method ofterseRi r Mg £uiERR Y in a mammualian animal conpri sing
i npl antipng at the site of the tissue defect a bioscaffold

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 some embodiments, the mammalian animal is a human.

35



according to the an enbodi nent of the present invention. Accordingly, in a
fifth aspect the present invention provides a nmethod of repairing a tissue
def ect i rwea20swmeediian ani mal conprising inplanting at tReTSIWe9N0Mhe

ti ssue defect a bioscaffold conprising greater than 80%type | coll agen
fibers or bundles having a knitted structure and a maxi numtensile | oad
strength of greater than 20N, a nodul ussof greater than 100 MPa and an
extension at maxi mum | oad of |less than 85% In some enbodi ments, the
manmal i an %R&%%I i H ON OF THE FI GURES Figure 1

Conf ocal i ' A—accor dance with an enbodi nent of

t he |nvent|on Figure 2 : Scanning el ectron m croscopy (SEM image (Xl OO

of a bioscaf 9&@1 ihowarﬂf@c%ugti Je (MDQUIGE 3 biSERANTE A Eligpt ron
m croscopy ( i mge g the bioscaffold of the invention. Figure

4 : Conf océFCPﬁé@@CSf w @oﬁﬁ’e dipenfaiqfatihe FEUY®d (SI S/ Lycol

col | agen nenbrane) . 1 Figure 5 : Scanning electron nlcroscopy (SEM i nmage

X200) of bl e bi ffold (" Fi 6 :
200 ol FAGRTEEo B pbelfy R el P, S LSS
avai |l abl e bfoacbﬁbsbdfibgdoBhomn dgerrigurer dne) . Flgure 7 : Is a graph

showi ng conparative | oad-extension curves for a bioscaffold in accordance

wi th an enbodi nent of the invention and another commercially av |Iagle
col | agen nEABBERe3: Scanning electron microscopy (SEM) 1mag (X

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: 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;

Figure 10: Is a bar graph showing comparative mean



Figure 8 : Is a bar graph show ng conparative nmean nodul us for bioscaffolds
in accordance with the present invention and comercially avail abl e

Bi 0- gi de wol2bagessimenbr ane scaffolds; Figure 9 : |Is a bacTognapdy/mbmei ng
conparative nean maxi num | oad for bioscaffolds in accordance with the
present invention and commercially avail abl e Bi o-gi de col | agen nenbrane
scaffolds; Figure 10 : |Is a bar graph-show ng conparative neanextension at
maxi mrum | oad for bioscaffolds in accordance with the present invention and

commer ci al by ranadiibabhe B9gifif addigen MmuyTE S fiel dvcdridice 11 |s a
bar graph show ng conparati.ve nean load at yield f

, r. bioscaffalds .in
accor dance "itth thge PFeSSAT TNFARTHEOSh a8 SO %%/%%ﬁﬁx%ﬁéqaqﬁ%igide
col | agen mgilgeare19eakiohdabrend, sdagfadk? : |s a bar graph show ng
conpar ative mean extension at yield for bioscaffolds in accordance with the
present invention and commercially avail abl e Bi o-gi de col | agen nenbr ane
scaf f ol fs. FEigguree 113: IIss aa Hairglgraphc shgvaply compartiatg vieo osarnc dimrsttdtye
ti ssue (LC]) d i A fr.qmt | and

Chh e300 N9 GRARRHIHE it ?ﬁegr%@m WAYH R BIERIE O

stai ned wi th haematoxylin and eosin n Kastelic et. al ™. "The Miltic

nposi te st ABYEmtdonf ahehgommesshfddy wafiledhle Ristegidde crd289%%l. 6 , pp.
11- 23) . EehmblehkeUmcGERbL1IE al s;igshown. Figure 14 :© |s a schematic diagram
of the tendon (adapted from Kastelic et al . "The Miulticonposite structure

of Tendon" Connective Tissue Research, 1978, Vol. 6 5 JRP: 11-
10 Figure 12: Is a bar graph showing comparati 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-

N\

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



23) . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bef ore descri bi ng
enbodi ments of the present invention in detail, it is to be understood that
t hi s i nvewDi2or/dogsmot limted to particularly exenplifi edTahodeoand nay,
of course, vary. It is also to be understood that the term nol ogy used
herein is for the purpose of describingparticular enbodi ments of the

I nvention only, and is not intended te be |imting which will be limted
only by the appended clains . Al publications, patents and patent

appl i cati o3 Sl %ﬁ.aqere%%dl‘ﬂ{‘éﬂt@eroﬁl{ﬁfea Hvdr¥ilch GHI§ NeIRDYi d ey por at ed
by referenCe in their entirety. However, publications nentlongf herein are
¥5 tgﬁ?d

cited for tE&Eepdegose &e &éé‘@ftllﬁ}%d’w d‘Ps]éi &8 g e D rItIoe

reagent s WRibplendled @B@ised in the publications and which mght be used in
connection wth the invention. Nothing herein is to be construed as an

adm ssion that the invention is not entitled to antedate such disclosure by
virtue of pﬂﬂopubﬂdeamﬁ@ms T@aqannsiand(yaudnt;apgiinaﬁﬁnnﬂudiﬂedmII

enpl oy, ““lhl%%% i@ h%‘é!'t%%g g %P’aﬁnt&r@\?dn G Hated by

cul ture, Bi 6l O sue engi neer’i ng, are mnthln t he sk|II of
the art. Stxetfetr@tmm qmlesth@rle” geddmeda iHPwWS e i M%ﬁaéilcsé% for exanple,

Col i gan etm%htuo%%%g P Rlr PIQI QD for HY PhitigbsCidnaRsifalnitRy | and |
(John Wley & Sons Inc ); Ross et al., 1995 "Histaqlo ext and Atl as"
3rd Ed., (%0 9dss1leswngkithe) P QQQE9§%&QﬂﬂtQ?¥Hﬂ“f%gél GFF " Ti ssue

Chlturaa ( Aepdeiied Rhess)k publlcations and which might be used in
connection with the invention. Nothing herein is to be
construed as an admission that the inventioﬁ 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
wCurrent 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.



and Al berts et al. 2000 "Ml ecul ar Biology of the Cell" (Garland Sci ence)
It nust be noted that as used herein and in the appended clains, the

si ngul ar worzo®/009811 "an”, and "the" include plural referema@2009%mwes6t he
context clearly dictates otherwi se. Thus, for exanple, a reference to "a
cell"” includes a plurality of such cells, and a reference to "an agent"” is
a reference to one or nore agents, and s6 forth. Unless defined ot herw se,
all technical and scientific terns used herein have the sane neani ngs as
comonl y understood by one of ordinary skill in the art to which this

I nvention bel ongs . Al though any materials and nethods simlar qQr equival ent
to those déd&hrhed ReYeMmitexi G&ed e hedse S8 16 C&s eIy P& dent

i nvention, tbhenpisef desed ibRide hietled nakdnMlehe@edat® pREcldse idietesdtn some
enbodlnent% thegpresru.inv ntion kﬁ directed towards bio%Faff%(%
conpri si ng tP61 PGSR HEVETSHBun&tSs PregsirsgefobGidies &8 f§HSSE of
col | agen f alrer aowCdlelsagdbeldi.bers are conposed of three pol ypeptide chains
that intertwine to forma right-handed triple helix. Each coll agen

pol ypeptide chain is designated as an a chain and is rich in glycine,
prol i ne andnhgemex gmbodiment sTibee paes extn diyentdondiisf éigact@dkhai ns and

different egghir-gat LoRI Qkalr#eid %o%%%ﬁ%%n 23 B Witder@ drerent types of
collagen. I'n some enbodi nents, the bioscaffold of the present invention

conpri ses PY¥pEIEScol | agen. Type | collagen is conposed of two al chains and
one cc3o chai n.

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 1is rich in glycine, proline and hydroxyproline. There are
a number of different o chains and different combinations
of these a chains correspond with different types of
collagen. In some embodiments, the bioscaffold of the
present inventfon comprises type I collagen. Type I
20 collagen is composed of two ol chains and one a2 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 tehdons, 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



I n some enbodi ments, the collagen fibers or bundles are provided from dense
connective tissue isolated froma source. The term "dense connective

ti ssue" awouswdobmnein refers to the matrix conprised pPCEaNU2D09/000946ype |
col l agen fibers or bundles found in the tendons, |iganents and derm s of

all mammals. As illustrated in Figure 13, dense connective tissue is
distinct from"loose connective tissue'0.-Loose connective tissue is
characterised by |oosely arranged fibers and an abundance of cells and is

present, fapnexerRle theRsat BreheueRitilelind af alraaawar shedwsur faces and
lines internal organs. _Dense connective tissue may be regular or i&{egular.

Dense reguPSRS@oAREEEINIBTL FORRE KNG FdSSIer bRG & i

different hirgaugedand parhoued bundardons dmddenganerigulakhe col | agen
fibers in dense regul arconnective tissue are.bundled in a p%;q]lel f ashi on.
%ﬁeg Fr &6

Dense i rre§IPEFCES EP7ES PESLENRE ISP 1PAST B8 TSP &% dfded in
Farallei bdedined asyem déns&inegulThe dtdoseetfifvd & iofs trdreapdesendr i ses a

arge porti the d | 0f ~SKi ' f f the present

I nvention %ﬁ&egél%@n%%?é%®of°@%?ﬁ§?‘F§g§P§P£§§ﬁ§%R§%ﬁié§%g§§ tissug or
dense irregahaectdipetiiovaet P¥sdenser ixregvpiaFacionmesit iy6t KisHye t &m
“source” ag derReiRgEeoR bef @btnt.0 any tissue containing dense connective
tissue in any mammal . I n some enbodi nents, the tissue containing dense
connective tissue is a tendon. A tendon is the tissue which connects nuscle
t o bonegy i nTAeneaERl *sboretheasenised Meredint e fleirsste iasi1ye iitsengon.

Epitendon E%n&g§n3ﬁ5nd%%ggeggk%%ckh%%u%issue 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 tendoh, 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



capsul e that surrounds the substance of the tendon, as illustrated in
Figure 14 . The tendon may be from any anatom cal site of an manmal and nmay
be a rot avorooufdsitendon, supraspi natus tendon, subcapulPaTia2o@rdess
pectroalis major tendon, peroneal tendon, achille's tendon, ibialis
anterior tendon, anterior cruciate |liganment, posterior cruciate |iganment,
hanstring tendon, |ateral |iganent, mediat |iganent, patella tendon, biceps
tendon, and triceps tendon. The epitendon may also be isolated fromany of

the above aeaggn\%onnzema FRYshe 180lialAd toPrans QUkfha) a vari ety of
ways, all which are known to one skilled in the art. In sone enbodi nents, a

section of tendon can be isolated by biopsy using conventional methods. In
_sorrf: engogmﬁeab&e bh@oalla@nesqonhai fiiRguderen tadmiert idense ssue may be
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| gl
cow, a pi g°BPPg Hdifan "R 16t A& 3%583°§€WF " OHE t P E90 con?g]%}ng ense
connectsvebbdysoé ithel sobjeed ﬁnonn&dhadamreBmH§GWB eMoadier@ample t [fe ti ssue

cont al 1l Ny RS ;SANGBEHELE WihUS LOCRUOIMMNToad cin kadleled from the

body of the su treat ment. For exanpl e, a nmammal j an subj ect
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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 bioscaffold 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



I n other enbodi nents, the bioscaffold conprises at |east 85%type |
collagen. In still other enbodi nents the bioscaffold conprises greater than
90% t ype wocoldmgam. The col |l agen fibers or bundl es of whe/Aizomwaeédsel d f or m
a knitted structure . The term"knitted structure” as used herein refers to
a structure conprising first and second groups of fibers or bundl es where
fibers or bundles in the first group extend predomnately in a first
direction and fibers or bundles in the second group extend predom nately in

2 second dLgeebion, Reue {1 LA 13030000 IO LkaNS ARl erent to

each other bers or in"the first grou |nterleave or
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of 20, 100fgHAiRg08 PPﬁ€§Sr§§ﬁ@€FP€@IPrQNQtF§géﬁ%& terﬁﬁﬁt & ™Fi gures,
enbodi nent ghef vtibechifgsadf.f ol d are characterised by a knitted structure of
fibers or bundles. This knitted structure applies to both collagen fibers
or bundles and elastin fibers. The knitted structure conprises a first
group of fFhguseoB depdices drténdioldaigena fibegts dinr dswriddiesD10amdda second
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bi oscaffold. Figure 3 depicts both collagen fibers or bundles 10 and
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.



elastin fibers 12 . The collagen fibers or bundles 10 are differentiated
fromthe elastin fibers 12 by their greater thickness and tw sted

conf i gur avpan10/08s511s further apparent from Figure 3, a pcesdanbosmeiradi nent
of the bioscaffold is conposed |argely of collagen fibers or bundles 10. In
particular, the collagen fibers or bundles 10 may be provided in an anount
of approxi mately 80% 90% of type 1 col hagen fibers or bundles with the

el astin fibers 12 being provided in an anmount of between 10-20% The

remai ning portion of the fibre content of the bioscaffold is provided by

ot her types of collagen fibers or bundles including type IIl, type IV, type
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col l agen nmenbranes . This clearly depicts a random arrangenment of coll agen
bundl es an8®B&rs. Figure 5 provides a scanning el ectron microscope i nage
at 200 tinmes magnification of the comrercially avail abl e bi ogi de col |l agen

rembrane. fhe ;LaRdTYLARISIE ROk IQR0SR AR LIASH RrldRRr:s ol early
evident and readily giStIQQUISth|e romthe knitted structure shown in
Figure 3 . Pifglhe preseatsdanentdos eaovdrleniacrsasse Maagd v ?Eﬂﬁ}%Qrms
magni f jgat hea qok t3 HGIE compalrit @ [cireneisolavaalllaagen seHFARRs . Thi s
clearly displays a random

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.



distribution of collagen fibers in a collagen "gel" matrix . It is believed
that the knitted structure in enbodi nents of the present invention provide
i ncr easeawoariomessiiensi | e | oad strength conpared to cur PemAURO@@IY4ab] e
scaffolds. The term "maxinumtensile |load strength" as used herein refers
to the maximumtensile | oad that the bioscaffold can bear. On a Load v

Ext ension curve this is represented byihe peak | oad on the curve. In sone
enbodi ments, the bioscaffold has maxi mumtensile | oad strength of greater

than 20N I SQEELRMRIAARAGE dthaaliaRfAiRldr ofs Wi LHRIRAN ik | On has
maxi mumtensil e | oad strength greater than 25N, 40N, 60N, 8QN, 100N, 120N
or 140N. FEhehextemsion ol itheepiossafified k@t tdif Staxiciun &earsitlice

el[rbt)gi rrg_nt s_oa]Eif tslmebigftlsp&fefﬂéxfééwe@vitdﬁs;ﬂeew@i@m arRfigh df rahd num | oad
o] e bioscaffo .6 providi.n i ncrease in dul,us .. The term

" modul us” §§°ﬁ§§(§%ﬁg@eilﬁl ﬁeé‘ﬁé"g‘@%ﬁ%%s cl%’dﬁl%dsonan F d&t etroer?ed as the
rati o bet weentstises sviamd metxiaium eXtienshiooy iwlhesha wigds Uree gofeatttes .sti f f ness
of the bioscaffold. In sone enbodi nents the bioscaffold has a nodul us of

greater than 100 MPa. In other enbodinents the bioscaffold has a nodul us of
greater than zo0eVeabogimems, 4be WRescHEKIG Wae Prdansiar && ensi on at

maxi mum | ogdy igemUaeddeeilR e ahant ke sedreniionaigitla hiegaaf fol d at the
maxi numtensile load strength referenced to the original Iength of the
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 émm
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 P1 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



bi oscaffold in a non- | oaded condition. This is to be contrast w th maxi num
extension which will be greater. In sone enbodi nents, the bioscaffold has
ext ensi orweatzoresodsum | oad of |ess than 85% of the ori gi mair/Atengtdeosdki gure 7
depicts a conparison of the Load v Extension curve of a bioscaffold in
accordance with an enbodi nent of the present invention, depicted as curve A
; and, a currently avail abl e bi o-gi de aellagen nenbrane scaffold, depicted
as curve B. The initial length of both scaffolds tested is 10mm

Accor di ngl I n i rticulan i est ere.t: erpe?’%%%i i.s, al so shown in
mllimet re)sé,het ﬁg%gftaeﬁgptgﬁ%#rﬁ%r}i ﬁ%n%t%‘g ?gtrl:éesp nds vrxﬂgh agl.percent age
i ncrease i pxggnsasnopf F6r 7éxandne comt rastten$hen "X igmn temsddentloagh

ext ensi on gfcréﬂ‘gﬁctﬂf pbhe rat neegh-ibh gaded 5¢3bhal Ghdwn iih Ree& thals curve A
has a shape that approxi mates the upwardly concave ,shape of the Load v

Ext ensi on BBP¥EXABAtE1¥erdtn 28 PIOAHERS PR EREETS M Qludes a toe region,
a lineas reagpebxamdtaly alod said ekmialtihe tegaon.0ol.wa ebaradaicor ild gament,
the toe re |ont§s characterised by crinps being renoved by el ongation. The
li near regir6R9i-&-characterised by mol ecul ar cross-1inks of collagen being
stressed. This region is indicative of the stiffness of the tendon or

| i ganment . I gkd_an ai he g | §4C b%geer' qipeet  of
cross -1li ngggfﬁl’fl% r'gﬁdgrrrlfggg eadﬁnghg)lla’tnl f'rlélt Igfiy to ,fja?%%rrgéetg(}%nt Pl on
curve A i nYEeddr poinshevs thenkresshtt &6sited reRedMedtgaf d€140. 63N of

the tes$ edpephedicmBnty . of ThR€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.



bi oscaffol d. The extension of the bioscaffold at this maxinumload is
7.67mm As the initial at rest length ofthe tested bioscaffold is 10mm

t hi s reprweeaentmogdilext ensi on of 76.7% In contrast, thePomauINwl0ensi | e

| oad strength P2 of the prior art scaffold shown in curve B is
approximately 19N and provi des an extension of approximtely 10.9mm
equating to a 100. 9% extension in | engtB.-Point P3 on the curve A shown in
Figure 7 represents the yield point of the present tested enbodi ment of the

bi oscaf f ol Q‘Z ¥l lrgg%gt %}}g@dﬁg%& % C%E“E\g%] { o B s fa]tcrﬂladt ensile

comences elaxation o
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bi oscaffold is at a tensile |o0ad of approximately 114N and provides an
ext ensi on &heappie¥i ﬁ"&”ttelsfa(’; Eo8 dmshopine $éntatg Ba 6 X150 BRE ease in | engt h.

:Nt 3- t he phg@tliz@hta&Ca.flfr@ @rﬁmwlAb)isCWdﬁﬁ\eJﬁsuﬂaft% wiielhd ppmﬁﬁ Hisah fficult
o discern _bu y be approx .mat ed int_P4 _on curve a | gad of

appr oxi nat & an% ¥ Oé'i”\/llﬁ’g a9Vt 3n5|§ﬁ‘ of PRSP &?rr%é"’toé’ltaIQ for°™00% In
order to rmairnBsent h?agmcehanmsatrepme(semtla&nm o dtrhleefpfqmtem%/cm a tendon,
It i s desi Eg?lvg Lot RE fgadon to undergo | ow extension under physiol ogical
condi tions IS tﬁlere re beI i eved to be beneficial for bioscaffolds used
in tendon and |iganment repair to have mnimal extension at maxi num

ext ensiy@n. FIguSep&@pg&b;bhrmma&saelg)e.c%ug% e ads e8& g drhagrodul us of the
bloscaffOII(Ianx1mum 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 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;éi 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



the nmodulus is a neasure of the stiffness, it is desirable to have a
relatively high nmodulus . Figure 8 graphically represents the nean nodul us
of six sawplen/mwpitian enbodi ment of the bioscaffold in actawitersaeoasst h t he
present invention, depicted as bar A, and the prior art Bio-gide collagen
menbr ane, depicted by bar B .Figure 9 graphically depicts a conparison of
the mean maxi num | oad (ie, nmean nmaxi nunnwtensile | oad strength) of

enbodi ments of the present bioscaffold shown as bar A, and the prior art

scaffold shown as har B . .The r. horizon |4 r | S
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i gure a e poin Qn cyrve ) mlarly, the horizontal bar P2 on
bar B in Fipﬁﬁlsé’nlﬁlkilélc‘?&n‘?éh%taéftwatr@ AHE ST AHIRGHITEB2 on curve
B |In Figure 7 . Figure 11 depicts the nean yield point (ie, tensile |oad at
yield) for i f. 1 I t f d,. ' : acnd,
for the pri?glrgbg(rgtl IS[%gtee?)ll %tlggq%y%brg%%qligmagf ng%pelr %%{rtréz%%t% ﬁq?({lueb% Ié.:Secgn bar
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Figure d . galill Har bY watrhe s o 10 dy 2o/ @inddaindh A didin Bdridid i 11 is
comensurate wth the | oad at point "P4 . . .
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 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



shown in curve B on Figure 7 . Figure 12 depicts the mean extension at
yi el d of enbodi nents of the present scaffold in bar A, and for the prior
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is commensurate with the extension at point P3 on curve Ain Figure 7 ,
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a joint such as a displacement of torn menlscus 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.



a tissue defect in a manmalian animal, preferably a human. "Repair"
to the formation of new tissue sufficient to at |least partially fil
or structwoablodiossionti nuity at a tissue defect site. RepaTrAuto@oomat
mean or ot herw se necessitate, a process of conplete healing or a
treatnment, which is 100% effective at restoring a tissue defect to
pre-defect physiological/structural/nmeghanical state. The term"tissue

however ,

def ect ™

or "tissue defect site" , refers to a disruption of epithel

connective or nuscle tissue. Atissue defect results in a tissue per
at a suboptinmal |evel or being in a suboptiml condition. For exanpl
tissue defect may be a partial thickrexssing full thickness tear in a tendon
or the result of localcell death due to an infarct in heart nuscle.
ti ssue defect can assune the configuration of a "void" , which is

under st ood1lt o ndabiesthfdéeldi wonpirasangdgitreetezuthans 80foty@eardpl e,

cavity,s ho

t he epithelrum “connective or nuscle tissué. In certain enbodi ments,
ti ssue defacraximgmckepgate dopg skegpabie obf IERAGFEN Hr @02 %®ont aneous

repair.
surgi cal

trauma to a-joi fit P30SR

A tissue defect can be the result of accident, disease, and/

8] b e b2 eRaEd o3 AR S AIREN o WP e MPERRAT (€ | nt

refers
a void

ts

um
form ng

e, a
A
a gap,

£19598hNe4 LRHaS bEN bkl €S huRli g al Rnlike edl S¥ehididird RInOr ity of

t he

or
ul t of
o the

joint. Tismaridaheteasidy bBead streegthe iseguentelr ddgendiOdt.i ve di seases
such a§oosteoarthritis. Typically, the bioscaffold of the invention wll be
inplanted at the site of the tissue defect and secured in
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3. A bioscaffold according to claim 1, wherein the

maximum tensile load strength is greater than 60N.

4. A bioscaffold according to claim 1, wherein the

maximum tensile load strength is greater than 8O0N.

5. A bioscaffold according to claim 1, wherein the

maximum tensile load strength is greater than 100N.

6. A bioscaffold according to claim 1, wherein the

maximum tensile load strength is greater than 120N.

7. A bioscaffold according to claim 1, wherein the

maximum tensile load strength is greater than 140N.

8. A bioscaffold according to any one of claims 1-7,
wherein the bioscaffold has a modulus of greater than 100

MPa.

9. A bioscaffold according to any one of claims 1-7,
wherein the bioscaffold has a modulus of greater than 200

MPa.

10. A bioscaffold according to any one of claims 1-7,
wherein the bioscaffold has a modulus of greater than 300

MPa.



pl ace by any conventional nmeans known to those skilled in the art, e.g.
suturing, suture anchors, bone fixation devices and bone or bi odegradabl e
pol ymer swoees)/02AIMS 1 . A bioscaffold conprising grearem/Atzery/@®ist ype |
col l agen fibers or bundles having a knitted structure and a maxi numtensile
| oad strength of greater than 20N. 2 . A bioscaffold according to claim1l ,
wherein the maximumtensile | oad strenggh.is greater than 40N. 3 . A

bi oscaffold according to claiml1l , wherein the naxinumtensile | oad

strength is_greater than 60N bi oscaffol d acc 0 CLﬁIW\l,
wherei n t hélmaxPrBAPEEasitrdd S‘é’(ﬁzoﬁléﬁ%ttr‘? PSYg PESt & tq%fﬁ‘ A

bi oscaf f ol ghageahdithg baoekaifffiolld haferaeimoduiesned rg:tmatteatnsldhari S
strength i@ %;eater than 100N. 6 . A bioscaffold according to claim1 ,

wherein th ximumtensile load strength is greater than 120N. 7 . A
bi oscaffold according to claiml1l , wherein the maxinumtensile | oad

strength ig,0reat 2 e Ol R ihpins Gahf it Roc@diing to.Any one of
cl ai nB ? 7§2mhe§é?%OEE§ bloscaﬁfoldlhgg a ul us of greater thagﬂﬁpo MPa.
é%aﬁﬁﬁaqp

9 . A bi os(z’é‘?ﬁ-‘@llﬂ &é@obapﬁgatfé%%aofm Wuss of 8

bi oscaf f ol ggpgas a nodul us of greater than 200 MPa. 10. A bioscaffold
according to any one of clains 1-7, wherein the bioscaffold has a nodul us
of greater than 300 MPa.1l1l. A bioscaffold according to any one of clains
1-7, whereinB.tha biioscaffffold kascardivdulus aofy greatedr aligaims400-12,

10 wherein the bioscaffold has an extension at maximum load
of less than 85%.

14. A bioscaffold according to any one of claims 1-12,
wherein the bioscaffold has an extension at maximum load

15 of less than 80%.

15. A bioscaffold according to any one of claims 1-14,

comprising greater than 85% type I collagen.

20 16. A bioscaffold according to any one of claims 1-14,

comprising greater than 90% type I collagen.

17. A bioscaffold comprising greater than 80% type T

collagen fibers or bundles having a knitted structure and
25 a maximum tensile load strength of greater than 20N, a

modulus of greater than 100 MPa and an extension at

maximum load of less than 85%.

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

has an extension at maximum load of less than 85%.
19. A bioscaffold comprising greater than 80% type I
collagen fibers or bundles having a knitted structure and

35 has an extension at maximum load of less than 80%.

20. A bioscaffold accordiﬁg to any one of claims 1-19,



MPa. 12. A bioscaffold according to any one of clains 1-7, wherein the

bi oscaffold has a nodul us of greater than 500 MPa. 13. A bioscaffold
accor di ngvoaoswposme of claims 1-12, wherein the bi oscaPColadi2be@aoesc
extension at nmaxi mum | oad of |ess than 85% 14. A bioscaffold according to
any one of clainms 1-12, wherein the bioscaffold has an extension at maxi num
| oad of less than 80% 15. A bioscaffol,d according to any one of clains
1- 14, conprising greater than 85%type | collagen. 16. A bioscaffold
according to any one of cl ai

1- 14, conprisin reater th 90% t I
col | agen. YRSIKLH %Wlt&egﬁﬁﬁuﬁ%eg@ﬁpgﬁ%te%aﬁa%%t ﬁe.ccgtfﬁ/ggen
f![berst ﬁr butoaipes dfa‘cir?llga@ehnifﬁMSStdruMchdvmnmﬁﬂh' enst ensi |l e | oad
streng o] reater. than a | f gr . ;
ext ensi on &P%F?g i It%‘aed%(g)‘)} sltegg% #a%%ﬁf%%%l%?%# g‘lr{c\ip%ofrarlp%tginng
greater thdnrgeWioypend ddbeagerrf vmd asr urtdie Samrich@grputhiitand

Structufe Ad i o 9! GRSLOBeRHERGBURH Q3] Of less than 85% 10. A
bi oscaftfol d conprising greater than 80%type | collagen fibers or bundles

having a knitted structure and has an extension at maxi mum | oad of |ess
than 80% 20. Aabimaseaiifdodaeceicdiditd aaylaane 2, eiminesinl -t wherein the

bundl o5 wh&RE S BEFS SBE R BT e G SR ahd pr edomi nately | n
a first perpendicular to each other.
10
- 22. A bioscaffold according to claim 20 or 21, where the
fibers or bundles in the first group are generally spaced
apart from each other by a first distance and the fibers
or bundles in the second group are generally spaced apart
15 from each other by a second distance and where the first

and second distances are different to each other.

23. A bioscaffold according to any one of claims 20-22,
and wherein different fibers or bundles of the first group
20 overly, or underlie or weave through the fibers or bundles

of the second group.

24. A method of manufacturing a bioscaffold ¢omprising
the steps of: (a) isolating collagen fibers or bundles

25 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 produce a knitted structure.

30 25. A method according to claim 24, wherein the collagen

fibers or bundles are provided from dense connective

tissue.

26. A method according to claim 25, wherein the dense
35 connective tissue is isolated from a sheep, a cow, a pig

or a human.



direction and fibers or bundles in the second group extend predom nately in
a second direction. 21. A bioscaffold according to claim20, wherein the
first andweeemadiir ecti ons are substantially perpendi ceCarAtooosaedso ot her .
22. A bioscaffold according to claim20 or 21, where the fibers or bundles
in the first group are generally spaced apart fromeach other by a first-
di stance and the fibers or bundles in the_ second group are generally spaced
apart from each other by a second di stance and where the first and second
di stances are di ffer nt to each ot her i oscaf f.ol ﬂ: accd)r ding to any

one of clarfs 2638t SFSR DY éﬁl@ﬁt‘“ 2% o B T he first
group overlcxonnebtlimdaertlnse;w iwe ds®e lislredu dgirathe fhtinens or bundl es of the
second group. 24 . A nethod of manufacturing a bioscaffold conprising the
steps of: (a) isolating collagen fibers or bundles froma mammal; (b)

i ncubat i ng28ai d&f megheodorpdnerdliey ite anyi xng ©fofclkdms 25 &GhA7. acet one,

HC  ands asgaEhieq nd@hd: el @oﬁaﬁ@mﬂecaﬁllgm RY ahit ol d fibers or
bundl es to produce a knitted structure . 25. A nethod according to claim

24, wherein the collagen fibers or bundles are provided frop dense
connect i ve2t9I ssuemetdod Adwﬂﬁﬁdlga&@)radiyn@ris)dﬂ i I iz 2&1&Tcei213 the dense
connective_tissue i ol ated from a_sheep cQw, yran . 27, A
met hod acc8PGFRg™ 5%& gjier?isfS OSSN hes é%selscolns%ec s & II%SSUG i's
i sol at ed f temdanhunan.
10
30. A method according to any one of claims 25 to 28,
wherein the dense connective tissue is isolated from the

epitendon of a tendon.

15 31. A method according to claim 29 or 30, wherein the
tendon is selected from the group consisting of a rotator
cuff tendon, a supraspinatus tendon, a subcapularis
tendon, a pectroalis major tendon, a peroneal tendon, a
achille’s tendon, a tibialis anterior tendon, a anterior

20 cruciate ligament, a posterior cruciate ligament, a
hamstring tendon, a lateral ligament, a medial ligament, a

patella tendon, a biceps tendon, and a triceps tendon.

32. A method of repairing a tissue defect in a mammalian

25 animal comprising implanting at the site of the tissue
defect a bioscaffold according to any one of claims 1 to
31.

33. A method of repairing a tissue defect in a mammalian
30 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 extension at

35 maximum load of less than 85%.

34. A method according to claim 32 or 33, wherein the



28. A nethod according to any one of clains 25 to 27, wherein the dense
connective tissue is autol ogous. 29. A nethod according to any one of
cl ai ns 25voaof@oosher ei n t he dense connective tissue isPCIAE@®DOOHOM a
tendon . 30. A nethod according to any one of clains 25 to 28, wherein the
dense connective tissue is isolated fromthe epitendon of a tendon. 31. A
met hod according to claim?29 or 30, wherein the tendon is selected fromthe
group consisting of a rotator cuff tendon, a supraspinatus tendon, a
subcapul ari s tendon, ﬁﬁroall maj or tendon, a peroneal tendon, a
achille' s Pandahiay PPB&S|I§ aﬁti?ﬁ ‘tendon, a anterior cruciate |iganent,
a posterior cruciate liganent, a hanstring tendon, a lateral |iganent, a
medi al |iganent, a patella tendon, a biceps tendon, and a triceps tendon.
32. A nethod of repairing a tissue defect in a mamalian ani mal conpri sing
inplanting at the site of the tissue defect a bioscaffold according to any
one of clains 1 to 31. 33. A nethod of repairing a tissue defect in a
manmal i an ani nal conprising inplanting at the site of the tissue defect a
bi oscaffold conprising greater than 80%type | collagen fibers or bundles
having a knitted structure and a maximumtensile |load strength of greater
than 20N, a nodul us of greater than 100 MPa and an extension at maxi num
| oad of less than 85% 34. A nethod according to claim32 or 33, wherein
t hemammal i an aninmal is a human.



