
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

27
1 

35
4

B
1

TEPZZ  7_¥54B_T
(11) EP 2 271 354 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
05.07.2017 Bulletin 2017/27

(21) Application number: 09724439.6

(22) Date of filing: 27.03.2009

(51) Int Cl.:
A61K 35/12 (2015.01) A61L 27/40 (2006.01)

A61L 27/54 (2006.01) A61F 2/08 (2006.01)

(86) International application number: 
PCT/US2009/038570

(87) International publication number: 
WO 2009/120966 (01.10.2009 Gazette 2009/40)

(54) REINFORCED TISSUE GRAFT

VERSTÄRKTES GEWEBETRANSPLANTAT

GREFFON TISSULAIRE RENFORCÉ

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK TR

(30) Priority: 27.03.2008 US 40066 P

(43) Date of publication of application: 
12.01.2011 Bulletin 2011/02

(73) Proprietor: Cleveland Clinic Foundation
Cleveland, OH 44195 (US)

(72) Inventors:  
• DERWIN, Kathleen

Shaker Heights
OH 44122 (US)

• AURORA, Amit
Bedford
OH 44146 (US)

• IANNOTTI, Joseph, P.
Strongsville
OH 44136 (US)

• MCCARRON, Jesse, A.
Cleveland Heights
OH 44118 (US)

(74) Representative: O’Connell, Maura
FRKelly
27 Clyde Road
Dublin D04 F838 (IE)

(56) References cited:  
WO-A2-03/043486 WO-A2-2007/070660
US-A1- 2004 006 395 US-A1- 2006 282 173
US-A1- 2007 190 108 US-A1- 2008 038 352
US-A1- 2008 044 900  



EP 2 271 354 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention is directed to tissue grafts
and, in particular, is directed to a reinforced tissue graft.

Background of the Invention

[0002] Current treatment for rotator-cuff tears is to su-
ture the torn tendon back to the bone of the humeral
head. The sutures hold the tendon in contact with the
bone, preferably long enough for the tendon to heal to
the bone and form a bridge that will re-establish the ten-
don-bone connection and restore normal function. The
sutures that are used possess sufficient tensile strength
to retain the tendon and bone together during the healing
process. However, the tendon is a fibrous tissue that can
be torn by the sutures. The sutures can align with the
fascicular structure of the tendon and tear through it un-
der sufficient tensile force undoing the surgical repair be-
fore tendon-to-bone healing is complete. The sutures can
also tear through the bone under sufficient force, partic-
ularly in older subjects who form the bulk of rotator-cuff-
tear patients and whose bones tend to be more oste-
oporotic.

Summary of the Invention

[0003] The present invention relates to a reinforced,
biocompatible tissue graft as defined in the claims ap-
pended to this description. The tissue graft includes an
extracellular matrix patch (ECM) and a means for rein-
forcing the graft to mitigate tearing of the graft and/or to
improve the fixation retention of the graft when fixed or
secured to tissue being treated. The reinforcing means
includes a fiber stitched into the ECM patch in a rein-
forcement pattern. The fiber can be formed from a bio-
compatible material and have a high modulus of elasticity
and failure load. Examples of biocompatible materials
that can be used to form the fiber include silk, sericin-
free silk, modified silk fibroin, polyesters, such as po-
ly(glycolic acid) (PGA), poly(lactic acid) (PLA), poly(eth-
ylene glycol) (PEG), polyhydroxyalkanoates (PHA) and
polyethylene terephthalate (PET), medical grade poly-
ethylene, such as polyethylene (UHMWPE), blends
thereof and copolymers thereof, as well as other biocom-
patible materials that are typically used in forming bio-
compatible fibers for in vivo medical applications.
[0004] Another aspect of the present invention relates
to a biocompatible tissue graft that includes a fascia patch
and at least one fiber stitched into the patch in a rein-
forcement pattern to mitigate tearing and/or improve fix-
ation retention of the patch.
[0005] Also disclosed herein is a method of construct-
ing a biocompatible tissue graft that includes providing
an extracellular matrix patch and stitching at least one
fiber into the patch in a reinforcement pattern to mitigate

tearing and/or improve fixation retention of the patch.
[0006] Also disclosed herein is a method for repairing
tissue in a subject that includes administering to the tis-
sue a biodegradable tissue graft. The biocompatible tis-
sue graft includes an extracellular matrix patch and at
least one fiber stitched into the patch to mitigate tearing
and/or improve fixation retention of the patch.

Brief Description of the Drawings

[0007] The foregoing and other features and advan-
tages of the present invention will become apparent to
those skilled in the art to which the present invention re-
lates upon reading the following description with refer-
ence to the accompanying drawings, in which:

Fig. 1 is schematic illustration of a tissue graft having
reinforcement means in accordance with an embod-
iment of the present invention;
Fig. 2 is a top view of a tissue graft having a rein-
forcement means in accordance with another em-
bodiment of the present invention;
Fig. 3a is a top view of a tissue graft having a rein-
forcement means in accordance with yet another
embodiment of the present invention;
Fig. 3b is a top view of a tissue graft having a rein-
forcement means in accordance with yet another
embodiment of the present invention;
Fig. 3c is a top view of a tissue graft having a rein-
forcement means in accordance with yet another
embodiment of the present invention;
Fig. 4a is a schematic illustration of a tissue graft
having a reinforcement means in accordance with
yet another embodiment of the present invention;
Fig. 4b is a top view of a tissue graft having a rein-
forcement means in accordance with yet another
embodiment of the present invention;
Fig. 5a is a schematic illustration of a fiber of a tissue
graft in accordance with yet another embodiment of
the present invention;
Fig. 5b is a graph illustrating the uniaxial suture re-
tention strength of unreinforced and reinforced tis-
sue grafts;
Fig. 6 is a graph illustrating the multi-directional su-
ture retention strength of unreinforced and rein-
forced tissue grafts;
Fig. 7 is a graph illustrating the multi-directional su-
ture retention strength of unreinforced and rein-
forced tissue grafts before and after 21 days incu-
bation in 1x PBS (pH=7.4) at 37°C;
Fig. 8 is a graph illustrating load-displacement plots
of unreinforced tissue grafts and tissue grafts rein-
forced using different stitch designs and tested using
a multi-directional ball burst test;
Fig. 9 is a graph illustrating load displacement plots
of unreinforced tissue grafts and tissue grafts rein-
forced using different stitch designs tested in uniaxial
tension with side constraint;
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Fig. 10 is a graph illustrating the uniaxial suture re-
tention strength of unreinforced and reinforced tis-
sue grafts using a peripheral stitch design;
Fig. 11 is a graph illustrating the multi-directional su-
ture retention strength of unreinforced and rein-
forced tissue grafts using a peripheral stitch design;
Fig. 12 is a graph illustrating the uniaxial suture re-
tention strength of unreinforced and reinforced tis-
sue grafts using a rectangular cross-hatch stitch de-
sign;
Fig. 13 is a graph illustrating the cyclic elongation
during uniaxial fatigue loading of unreinforced and
reinforced tissue grafts using a rectangular cross-
hatch stitch design;
Fig. 14 is a schematic illustration of bone fixation
methods for unreinforced and reinforced grafts;
Fig. 15 is a graph illustrating the failure load of un-
reinforced and reinforced tissue grafts for various
bone fixation methods;
Fig. 16 is a graph illustrating the cyclic creep of un-
reinforced and reinforced tissue grafts for various
bone fixation methods;
Fig. 17 is a graph illustrating the uniaxial load-dis-
placement curve of reinforced tissue grafts for vari-
ous bone fixation methods;
Fig. 18 is a graph illustrating the uniaxial suture re-
tention strength of unreinforced tissue grafts and tis-
sue grafts reinforced with resorbable and non-re-
sorbable fibers; and
Fig. 19 is a graph illustrating the uniaxial load-dis-
placement curves of tissue grafts reinforced with re-
sorbable and non-resorbable fibers.

Detailed Description

[0008] The present invention is directed to tissue grafts
and, in particular, is directed to a fiber reinforced tissue
graft with improved fixation retention properties. The tis-
sue graft can be used to treat a tissue defect of a subject
(e.g., human being), such as a musculoskeletal defect,
or in tendon-to-bone repairs (e.g., rotator cuff injury), or
soft-tissue repairs, such as the repair of lacerated mus-
cles, muscle transfers, or use in tendon reinforcement.
The tissue graft may also be used as a bridging material
in a subject in the case where the gap between a tendon
and the associated bone is too large to repair conven-
tionally. The tissue graft can be incorporated between
the bone-tendon interface and fixed to the bone and ten-
don to repair a gap or tear.
[0009] The tissue graft in accordance with the present
invention includes an extracellular matrix (ECM) patch
(or ECM) and a reinforcing means as defined in the claims
appended to this description. The ECM can be derived
from any mammalian ECM, such as fascia, and in par-
ticular, fascia lata from humans. The ECM can be derived
from other connective tissue materials, such as dermis
as long as the ECM is biocompatible with the target site
or the tissue injury being treated in the subject or both.

The ECM can also be derived, for example, from other
tissues and/or other materials, such as collagen, skin,
bone, articular cartilage, meniscus, myocardium, perios-
teum, artery, vein, stomach, large intestine, small intes-
tine, diaphragm, tendon, ligament, neural tissue, striated
muscle, smooth muscle, bladder, ureter, abdominal wall
fascia, and combinations thereof.
[0010] The ECM used to form the tissue graft may be
obtained directly from mammalian tissue (such as an
autograft, allograft or xenograft). These tissues may be
obtained from patients at the time of surgery or a com-
mercial source, such as a tissue bank medical device
company. ECM obtained from tissue banks and other
commercial sources may be formed using proprietary
processing techniques or modified by additional process-
ing techniques before it is used. In one example, these
techniques can be used to remove cells and other po-
tentially infectious agents from the ECM.
[0011] The reinforcing means can include any struc-
ture or material that is applied to the ECM, is capable of
mitigating tearing of the graft when the graft is fixed to
tissue being treated, and/or is capable of increasing or
improving the fixation retention properties of the tissue
graft beyond that which is present in a patch of the ECM
alone. The fixation retention properties can be tailored
to increase the graft’s ability to remain secured to ana-
tomic structures, such as bone and soft tissues, when
used to treat a tissue defect. The graft may be secured
to these anatomical structures by, for example, weaving,
screws, staples, sutures, pins, rods, other mechanical or
chemical fastening means or combinations thereof. For
instance, the graft may be secured to the treated tissue
via different suture configurations, such as, massive cuff,
mattress stitching and simple suture and different fixation
techniques, such as, Synthes screw or Biotenodesis
screw fixation and suture anchors with a Krakow stitch.
[0012] The reinforcing means includes a thread or
strands of fiber(s) that are stitched in a reinforcement
pattern in the ECM patch. Fiber stitched in a reinforce-
ment pattern can increase the fixation properties of the
tissue graft, which will result in a tissue graft having im-
proved mechanical properties for implantation and repair
of anatomical defects in a subject. The reinforcement pat-
tern can include any stitch pattern that mitigates tearing
and/or improves the fixation retention properties of the
tissue graft when administered to a subject being treated.
For example, the stitch pattern can include one or more
generally concentric, peripheral or cross-hatched stitch
patterns.
[0013] The fiber can enhance the fixation retention of
the tissue graft once stitched into the graft. The fiber can
be formed from a biocompatible material that is biore-
sorbable, biodegradable, or non-resorbable. The term bi-
oresorbable is used herein to mean that the material de-
grades into components, which may be resorbed by the
body and which may be further biodegradable. Biode-
gradable materials are capable of being degraded by ac-
tive biological processes, such as enzymatic cleavage.
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[0014] One example of a biocompatible material that
can be used to form the fiber is silk. The silk may include,
for example, sericin-free silk fibroin or silk-fibroin modi-
fied with a peptide sequence that sequesters growth fac-
tors in vivo, such as disclosed in U.S. Patent No.
6,902,932. The fibers can also be formed from biode-
gradable polymers including poly(glycolic acid) (PGA),
poly(lactic acid) (PLA), poly(lactic-co-glycolic acid)
(PLGA), poly(ethylene glycol) (PEG), blends thereof, and
copolymers thereof. By way of example, the reinforcing
fiber may include a core of PGA surrounded by a sheath
of reinforced PLA fibers. The PGA and PLA may be ob-
tained, for example, from Concordia Fibers in Coventry,
RI. Other examples of biocompatible polymers that can
be used to form the fiber are resorbable polyesters, such
as polyhydroxyalkanoates (PHA), and non-resorbable
fibers, such as polyethylene terephthalate (PET) and ul-
tra-high molecular weight polyethylene (UHMWPE). It
will be appreciated that the biocompatible fiber can be
formed from other biocompatible materials, such as other
biocompatible materials that are typically used in forming
biocompatible fibers for in vivo medical applications.
[0015] Regardless of the material used for the fiber of
the reinforcing means, the fiber should exhibit a high
modulus of elasticity and a failure load tailored to meet
particular design criterion corresponding with in vivo
strength requirements of the treated tissue. For example,
reinforced patches used for the treatment of large and
massive rotator cuffs should exhibit failure loads of great-
er than about 250 Newtons (N) at a time of implantation,
and greater than about 150 N after about one week of
implantation in vivo. Alternatively, reinforcing patches
used for the treatment of tissues experiencing lower nat-
ural loads may be required to exhibit failure loads of about
30 N to about 50 N. It will be understood, however, that
the fibers, their stitch design (i.e., reinforcement pattern),
or the particular ECM can be tailored to produce failure
loads of the fiber-reinforced ECM patch commensurate
in scale to any tissue treated within the body.
[0016] In an aspect of the invention, the fibers and/or
the ECM can be mechanically, chemically or biologically
modified to enhance adhesion between the fibers and
ECM to further secure the fibers to the ECM. This mod-
ification may occur before or after the fibers are incorpo-
rated into the ECM. This modification may be performed
on a portion of or substantially all of the stitched fibers or
the ECM or both. During loading of the tissue graft, the
fibers may begin to displace relative to the ECM and may
ultimately completely slip out from the ECM and become
the primary load bearing components of the reinforced
tissue construct. It therefore becomes desirable to miti-
gate or prevent fiber slippage in order to ensure that us-
age loads are borne by the entire graft and not just the
fibers. Adhesion characteristics of the fibers can be im-
proved by ablation via ultra-violet (UV) or infrared (IR)
light, UV cross-linking or chemical cross-linking, plasma
etching, ion etching, coating the fibers with microspheres,
application of bioadhesives or combinations thereof.

These treatments can likewise be performed on the ECM.
[0017] In another aspect of the invention, the ECM can
be processed to become decellularized. Once decellu-
larized, cells can be seeded into the decellularized ECM
that enhance the therapeutic potential of the tissue graft.
For example, the ECM can be seeded with a plurality of
progenitor cells that become dispersed in the ECM. Ex-
amples of progenitor cells are known in the art and can
include bone marrow-derived progenitor cells, hemat-
opoietic stem cells, endothelial progenitor cells, mesen-
chymal stem cells, multipotent adult progenitor cells
(MAPCs), embryonic stem cells, stromal cells, stem cells,
embryonic stem cells, chondrocytes, osteoblasts, and
tenocytes. The progenitor cells can be autologous, allo-
geneic, xenogeneic or a combination thereof. The pro-
genitor cells can also be genetically modified. Genetically
modified cells can include cells that are transfected with
an exogenous nucleic acid and that express a polypep-
tide of interest including, for example, a growth factor, a
transcription factor, a cytokine, and/or a recombinant pro-
tein.
[0018] The ECM can additionally or optionally include
at least one biologically active molecule dispersed or
seeded therein. Any desired biologically active molecule
can be selected for impregnating into the ECM. For ex-
ample, the biologically active molecule can include en-
zymes, hormones, cytokines, colony-stimulating factors,
vaccine antigens, antibodies, clotting factors, angiogen-
esis factors, regulatory proteins, transcription factors, re-
ceptors, and structural proteins. The biologically active
molecule can be chosen based on where the muscu-
loskeletal graft is to be located in the subject or the phys-
iological requirements of the subject or both. For exam-
ple, if the musculoskeletal graft is used to repair a tendon,
the biologically active molecule which is seeded on or
into the ECM can be a growth factor such as IGF-I, TGF-
β, VEGF, bFGF, BMP or combinations thereof.
[0019] Optionally, a high-molecular weight (e.g., great-
er than about 250 kDa) hyaluronic acid (HA) can be in-
corporated into the tissue graft prior to, during, or after
stitching of the fibers into the ECM. When incorporated
into the tissue graft, HA can potentially inhibit the migra-
tion of inflammatory cells, induce the migration of non-
inflammatory cells, and promote angiogenesis, which
would promote integration of the ECM with the underlying
host tissues.
[0020] The high-molecular weight HA can be cross-
linked within the ECM to mitigate diffusion of the HA from
the ECM. Cross-linked, high-molecular-weight HA can
be retained in ECM for extended periods in vitro. An ex-
ample of a cross-linked HA material that can be used in
this application is prepared by substituting tyramine moi-
eties onto the HA chains and then linking tyramines to
form dityramine linkages between HA chains, effectively
cross-linking or gelling the HA into the ECM. Examples
of dityramine-cross-linked HA composition and chemis-
try are disclosed in U.S. Patent No. 6,982,298 and U.S.
Application Publications Nos. 2004/0147673,

5 6 



EP 2 271 354 B1

5

5

10

15

20

25

30

35

40

45

50

55

2005/0265959, and 2006/0084759. The tyramine-sub-
stitution rate on the HA molecules may be about five per-
cent based on available substitution sites as disclosed
in the aforementioned publications.
[0021] TS-HA can be impregnated into the ECM, and
then immobilized within ECM by cross-linking of the
tyramine adducts to form dityramine linkages, thereby
producing a cross-linked HA macromolecular network.
The TS-HA can be impregnated into the ECM prior to or
after stitching the ECM.
[0022] The TS-HA can be used to attach fibronectin
functional domains (FNfds) to the ECM in order to further
promote healing, cell migration, and anti-inflammatory
capabilities. FNfds possess the ability to bind essential
growth factors that influence cell recruitment and prolif-
eration (e.g., PDGF-BB and bFGF). The FNfds may, for
example, constitute fibronectin peptide "P-12" with a C-
terminal tyrosine to allow it to be cross-linked to TS-HA.
[0023] One example of a tissue graft in accordance
with the present invention is illustrated in Fig. 1. The tis-
sue graft 10 includes a reinforced ECM patch or strip that
can be used to augment a tendon or muscle repair to
bone in, for example, a rotator cuff injury. The tissue graft
10 includes an ECM patch 20 and a means 22 for rein-
forcing the patch.
[0024] The patch 20 is illustrated as having a generally
rectangular strip shape (e.g., about 5 cm long by about
2 cm wide) although the patch can have other shapes,
such as an elliptical shape, a circular shape, a square
shape, etc. (e.g., Figs 2, 3, 4). The patch 20 includes a
top surface 24 and a substantially parallel bottom surface
26 spaced from the top surface. A first side 28 and second
side 30 connect the top surface 24 to the bottom surface
26. The first and second sides 28, 30 extend generally
parallel to one another. The patch 20 further includes a
front surface 32 and rear surface 34 which connect the
first side 28 to the second side 30. The front and rear
surfaces 32, 34 extend generally parallel to one another.
[0025] The reinforcing means 22 includes at least one
fiber disposed or provided within the patch 20 by, for ex-
ample, conventional stitching techniques. By stitching, it
is meant that at least one fiber of the reinforcing means
22 is stitched into the patch 20 such that each stitch of
the reinforcing means extends between and through both
the top surface 24 and the bottom surface 26 of the patch
20 to securely fasten the reinforcing means to the patch.
[0026] The reinforcing means 22 exhibits a reinforce-
ment configuration or pattern that increases the fixation
properties of the patch 20. One such configuration is il-
lustrated in Fig. 1 in which first and second fibers 40, 42
are stitched into the patch 20 in geometrically concentric
configurations. Additionally or alternatively, the stitch
lines of the fibers can be placed further away from the
edges of the patch 20 to delay, mitigate, or prevent slip-
ping of the fibers 40, 42 within the patch 20. Although
Fig. 1 illustrates two fibers in a geometrically concentric
pattern, it will be understood that more or fewer fibers
can be stitched into the patch in a geometrically concen-

tric pattern. Additionally, it will be appreciated that addi-
tional fibers can be stitched into the ECM patch 20 in
other reinforcement patterns.
[0027] As shown in Fig. 1, the first fiber 40 can extend
substantially parallel to, and be spaced inwardly from,
the periphery of the patch 20. By way of example, the
first fiber 40 can extend substantially parallel to the first
and second sides 28, 30 and the front and rear surfaces
32, 34 of the patch 20 such that the first fiber 40 exhibits
a generally rectangular configuration. The first fiber 40
can comprise a plurality of interconnected stitches 41.
The ends of the fiber 40 may be stitched together (not
shown) to form a continuous stitching construction.
[0028] The second fiber 42 can extend substantially
parallel to the first fiber 40 and be disposed radially inward
of the first fiber 40 within the patch 20. In this configura-
tion, the first and second fibers 40, 42 form a generally
geometrically concentric construction in a peripheral
double pass orientation. The second fiber 42 can com-
prise a plurality of interconnected stitches 43. The second
fiber can be substantially uniformly spaced inward from
the first fiber 40 by a gap indicated by "s1". The gap s1
may be, for example, on the order of about 1 mm to about
3 mm (e.g., about 2 mm), although other spacing config-
urations will be understood. It will be appreciated that
although the gap s1 between the fibers 40 and 42 is sub-
stantially uniform, the gap s1 may vary depending on re-
inforcement pattern in which the fibers 40 and 42 are
stitched. The ends of the second fiber 42, like first fiber
40, may be stitched together (not shown) to form a con-
tinuous stitching construction.
[0029] The first fiber 40 and the second fiber 42 can
be stitched in the ECM so that the number of stitches per
inch (2.54 cm) is, for example, about 10 stitches per inch
(2.54 cm) to about 20 stitches per inch (2.54 cm) (e.g.,
about 15 stitches per inch (2.54 cm)). Generally, the more
stitches per inch (2.54 cm), the greater the strength of
the reinforcing means 22 and the fixation retention prop-
erties of the tissue graft 10. In some examples, however,
it may be desirable to use less stitches per inch (2.54
cm) to avoid excessive needle penetrations in the ECM
20, which may potentially weaken the tissue graft 10.
[0030] Other examples of concentric reinforcement
stitch patterns or configurations are illustrated in Fig. 2
and Figs. 3A-3C. The configurations in Fig. 2 and Figs.
3A-3C are similar to the configuration of Fig. 1, except
that in Fig. 2 the patch 20 is substantially circular and
therefore the reinforcing means 22 is provided in the
patch in a generally circular configuration or orientation.
Fig. 2 illustrates one example of a patch 20 that includes
generally concentric reinforcement means 22 in a periph-
eral double pass orientation. The reinforcement means
22 includes a first fiber 40 that comprises a plurality of
interconnected stitches 41 and a second fiber 42 that
comprises a plurality of interconnected stitches 43. The
first fiber 40 can extend substantially parallel to, and be
spaced inwardly from, a peripheral surface 33 of the
patch 20 such that the first fiber has a generally circular
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configuration. The second fiber 42 can extend substan-
tially parallel to the first fiber 40 and be disposed radially
inward of the first fiber within the patch 20. In this config-
uration, the first and second fibers 40, 42 form a generally
concentric construction.
[0031] Fig. 3A illustrates another example of the rein-
forcing means 22 comprising two concentric patterns 43.
Each concentric pattern 43 includes a first strand 40 that
comprises a plurality of interconnected stitches 41 and
a second strand 42 that comprises a plurality of intercon-
nected stitches 43. Each first fiber 40 can extend sub-
stantially parallel to, and be spaced inwardly from, a pe-
ripheral surface 33 of the patch 20 such that each first
fiber has a generally circular configuration. Each second
fiber 42 can extend substantially parallel to the first fiber
40 and be disposed radially inward of the first fiber within
the patch 20. In this configuration, each pair of first and
second fibers 40, 42 form a generally concentric con-
struction. Although the two concentric patterns 43 are
illustrated as being substantially semi-circular, it will be
understood that each concentric pattern may exhibit al-
ternative constructions such as, for example, rectangular
(e.g., in a two rectangle double pass orientation), ellipti-
cal, triangular or combinations thereof within the spirit of
the present invention.
[0032] Fig. 3B illustrates another example of the rein-
forcing means 22 comprising three concentric patterns
43. Each concentric pattern 43 comprises a first strand
40 comprising a plurality of interconnected stitches 41
and a second strand 42 comprising a plurality of inter-
connected stitches 43. Each first fiber 40 can extend sub-
stantially parallel to, and be spaced inwardly from, a pe-
ripheral surface 33 of the patch 20 such that each first
fiber has a generally circular configuration. Each second
fiber 42 can extend substantially parallel to the first fiber
40 and be disposed radially inward of the first fiber within
the patch 20. In this configuration, each pair of first and
second fibers 40, 42 form a generally concentric con-
struction. It will be understood that each concentric pat-
tern may exhibit any constructions such as, for example,
rectangular (e.g., in a three rectangle double pass orien-
tation), elliptical, triangular, semi-circular, circular or
combinations thereof within the spirit of the present in-
vention.
[0033] Fig. 3C illustrates yet another example of a re-
inforcing means reinforcing means 22 that includes a plu-
rality of first strands 40, which comprise a plurality of in-
terconnected stitches 41 but without or free of concentric
second strands 42. In particular, the first strands 40 may
comprise four substantially parallel and elliptical discrete
first strands. Although the four first strands 40 are illus-
trated as being substantially elliptical, it will be under-
stood that each first strands may exhibit alternative con-
structions such as, for example, rectangular (e.g., in a
four rectangle single pass orientation), semi-circular, cir-
cular, triangular or combinations thereof within the spirit
of the present invention. It will also be understood that
one or more of the first strands could have a geometrically

concentric pattern with a second strand within the spirit
of the present invention.
[0034] Fig. 4A is a schematic illustration of a tissue
graft 10 that includes an ECM patch 20 and a reinforcing
means 22 in accordance with another example of the
invention. The reinforcing means 22 includes a plurality
of first fibers 40 and a plurality of second fibers 42 stitched
in a cross-hatched pattern across the patch 20 and be-
tween the first and second sides 28, 30 and the front and
rear surfaces 32, 34. Although Fig. 4A illustrates six first
fibers 40 and eight second fibers 42, it is understood that
more or less of each fiber may be utilized in accordance
with the present invention. The first fibers 40 can extend
in a first direction, indicated by "d1", across the top surface
24 of the patch 20 from the first side 28 to the second
side 30. Each of the first fibers 40 can extend parallel to
one another and be spaced apart by a gap indicated by
"s1". The gap s1 may be, for example, on the order of
about 1 mm to about 3 mm, although other spacing con-
figurations will be understood. The gap s1 may be uniform
or may vary between first fibers 40.
[0035] The second fibers 42 can extend in a second
direction, indicated by "d2", across the top surface 24 of
the patch 20 from the front surface 32 to the rear surface
34. The directions "d1" and "d2" in which the first and
second fibers 40, 42 extend may be configured such that
the first fibers and the second fibers are oriented perpen-
dicular to each other. Each of the second fibers 42 can
extend parallel to one another and be spaced apart by a
gap indicated by "s2". The gap s2 may be, for example,
on the order of about 1 mm to about 3 mm, although the
gap can have other spacing configurations. The gap s2
may be uniform or may vary between second fibers 42.
The second fibers 42 are disposed in an overlying fashion
relative to the first fibers 40 such that the first fibers are
disposed between the top surface 24 of the patch 20 and
the second fibers. The second fibers 42, however, could
alternatively be disposed between the top surface 24 of
the patch 20 and the first fibers 40.
[0036] Fig. 4B illustrates that the reinforcing means 22
comprises a plurality of first fibers 40 and a plurality of
second fibers 42 stitched in a cross-hatched pattern
across the patch 20 and between the first and second
sides 28, 30 and the front and rear surface 32, 34. Al-
though Fig. 4B illustrates four first fibers 40 and four sec-
ond fibers 42, it is understood that more or less of each
fiber may be utilized in accordance with the present in-
vention. Each of the first fibers 40 extends from the first
side 28 to the second side 30 of the patch 20. Each of
the second fibers 42 extends from the front surface 32
to the rear surface 34 of the patch 20. The ends of the
first fibers 40 and the ends of the second fibers 42, re-
spectively, may be stitched together (not shown) to form
a continuous stitching construction.
[0037] The second fibers 42 are disposed in an over-
lying fashion relative to the first fibers 40 such that the
first fibers are disposed between the top surface 24 of
the patch 20 and the second fibers. The second fibers
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42, however, could alternatively be disposed between
the top surface 24 of the patch 20 and the first fibers 40.
Although the first and second fibers 40, 42 are illustrated
as having a substantially rectangular shape (e.g., a rec-
tangular cross-hatch orientation), it will be understood
that the first fiber 40 and/or the second fiber 42 may ex-
hibit alternative constructions such as elliptical, semi-cir-
cular, circular, triangular or combinations thereof within
the scope of the present invention.
[0038] The tissue graft of the present invention can be
used in tissue engineering and musculoskeletal repair,
such as rotator cuff repair, but is not restricted to musc-
uloskeletal applications. The graft may be administered
to a subject to mechanically and biologically augment the
repair by placing it over a tendon-bone repair or interpo-
sitionally grafting a rotator cuff tendon defect. It will be
appreciated that similar methods and materials as de-
scribed herein could also be adapted to other tendon-to-
bone repairs, soft-tissue repairs, such as the repair of
lacerated muscles, muscle transfers, spanning a large
muscle defect, or use in tendon reinforcement. These
applications require secure connections between the
graft 10 and the anatomical site. Fixation techniques to
soft tissue using conventional or novel suture methods,
or the Pulvertaft weave technique (M. Post, J Shoulder
Elbow Surg 1995; 4:1-9) may be utilized in accordance
with the present invention. Fixation techniques to bone
using conventional or novel suture methods, anchors,
screws, or plates may be utilized in accordance with the
present invention.
[0039] The graft 10 may also serve as a delivery plat-
form for the future investigation of any number of biologic
strategies aimed to enhance muscular skeletal repair,
e.g., rotator cuff healing. Furthermore, the graft 10 could
be effective for other needs in the field of surgical recon-
struction, including ligament reconstruction, bowel and
bladder reconstruction, abdominal wall repair, and ten-
don reconstruction in the setting of post-surgical repair
failure, trauma and segmental defects. The following ex-
amples are illustrative of the principles and practice of
this invention. Numerous additional embodiments within
the scope of the invention as defined by the claims ap-
pended to this description will become apparent to those
skilled in the art.

Example 1

[0040] In this example, two groups were investigated:
Group I-Control - Native (unreinforced) fascia and Group
II-Experimental - reinforced fascia. The fascia was rein-
forced using a biodegradable polymer braids as the re-
inforcing material. Polymer braids used were made of
poly lactic acid (PLA) and poly glycolic acid (PGA). PLA
and PGA are the most widely researched polymers in
the field of tissue engineering. Since PGA degrades more
rapidly than PLA, the present example uses polymer
braids having PGA as a core and a combination of
PLA/PGA as a sheath (Fig. 5A). Two tests were used to

verify the efficacy of stitching as a method of reinforce-
ment with polymer braids, namely, uniaxial tension test
and multi directional loading using a modified Ball burst
test.
[0041] All allograft human fascia lata were obtained
from the Musculoskeletal Transplant Foundation in Edi-
son, NJ (donor age 18-55 years). All PGA and PLA braids
used for reinforcing the fascia were obtained from Con-
cordia Fibers, Coventry, RI.

Uniaxial suture retention test

[0042] A sample size of (n=10) unreinforced patches
were used as the control. Each consisted of 2 cm wide
x 5 cm long strips of ECM hydrated for 20 minutes in
saline solution and maintained at room temperature. The
unreinforced patches were tested with either one mat-
tress (n=5) or one Mason Allen suture (n=5) placed 5 mm
away from the 2 cm wide edge. A template was created
to assure uniformity in the placement of the sutures. The
two sutures were tied over a tubular rod mounted on the
cross head of a MTS 5543 table top system.
[0043] A sample size of (n=7) reinforced fascia were
used to test the ability of stitching with two types of
PLA/PGA braid to improve the suture retention strength
over unreinforced fascia. This sample size was selected
due to the preliminary nature of the study. Each rein-
forced patch consisted of fascia 2 cm wide x 5 cm long
reinforced with a polymer braid having a sheath of 4PLA
and 4PGA with (n=2) and without (n=5) a 2PGA core.
The reinforced patches were tested with two simple su-
tures placed 5 mm away from the 2 cm wide edge. The
suture retention load was defined as the maximum load
attained by the specimen.
[0044] The results of this test are illustrated in Fig. 5b.
Fig. 5b shows that stitching as a reinforcement method
has the ability to increase the suture retention strength
of fascia. Additionally, the presence of a PGA core in the
polymer braid positively impacts the reinforcement by in-
creasing the suture retention strength of the tissue. The
suture retention loads obtained with the polymer braids
having no PGA core (84 N) were about half the suture
retention loads attained with polymer braids having a
PGA core (146 N).

Ball Burst test

[0045] Depending on the size, location, and chronicity
of the tear in vivo, the graft may be subjected to biaxial
tensile forces. Therefore, experiments using a modified
Ball Burst test, inspired from the ASTM D3787 Ball Burst
test standard used to determine the bursting resistance
of knitted fabrics and goods under multi-axial forces,
were used to quantify the suture retention strength. In
particular, 4 cm diameter discs of the unreinforced and
reinforced fascia were hydrated for 20 minutes in saline
at room temperature. The hydrated specimens were then
sutured to a stainless steel ring (5 cm outer diameter) in
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a simple suture configuration at 1 cm increments using
No. 2 Fiberwire (Arthrex Corporation, Naples, FL). The
fascia-steel construct was then mounted on a specially
designed fixture, which was then mounted on the base
of the MTS 1321 system. A polished stainless steel ball
having a 1" diameter was attached to the cross head of
the MTS system and pushed through the specimen at a
constant distraction rate of 6 mm/min. The suture reten-
tion load was noted as the maximum load attained by the
specimen prior to a 10% or more drop in the peak load.
[0046] The results of the Ball Burst test are illustrated
in Fig. 6. Fig. 6 shows that even with the Ball Burst test,
which is more rigorous than the uniaxial test in that it
subjects the specimen to multi-directional loading, the
reinforced fascia construct has suture retention strength
about 3 to about 4 times greater than unreinforced fascia.
Fig. 6 also illustrates that the amount of PGA in the pol-
ymer braid directly affects the suture retention strength.
This result was expected, as PGA has higher tensile
strength compared to PLA.

Example 2

In vitro degradation study

[0047] Fascia discs having a diameter of 4 cm were
stitched along the periphery using PLA, PGA, and PE
polymer braids (n=6 per group). Three specimens per
group were allocated to time zero testing and three were
subjected to in vitro degradation. For in vitro degradation,
the specimens were put in individual beakers containing
100 mL of 1xPBS (pH=7.4) and immersed in a water bath
maintained at 37° C.
[0048] The 1xPBS solution was checked every day for
any signs of contamination and the solution was changed
every other day so as to maintain a constant pH of 7.4
throughout the study. At the end of the 21 days the spec-
imens were removed and sutured to a stainless steel ring
in simple suture configuration at 1 cm intervals. The su-
ture retention loads of the two groups, time zero and 21
days, were quantified using the modified ball burst test.
Failure testing included 10 cycles of preconditioning form
5-15 N at .25 Hz followed by load to failure at 30 mm/min.
[0049] Suture retention load of fascia stitched with the
three polymer braids at the two time points, time zero
and 21 days, is shown in Fig. 7. Fig. 7 shows that the
suture retention loads for fascia stitched with the three
polymer braids is significantly higher than native fascia
at both time zero and 21 days. The suture retention load
of stitched fascia was not significantly different within a
group as a function of time, or between groups at either
time point. The data show that stitched fascia significantly
increases the suture retention load of fascia and the in-
crease is maintained for at least 21 days in simulated in
vivo conditions.

Example 3

Design configurations

[0050] 4 x 4 cm pieces of fascia were stitched using
2-0 commercial silk suture (Harvard Appparatus, Hollis-
ton, MA) using five stitch configurations: 1) peripheral
double pass; 2) 2 rectangle double pass; 3) 3 rectangle
double pass; 4) 4 rectangle double pass; and 5) rectan-
gular cross-hatch. The samples were tested using the
previously described modified ball burst test and a pseu-
do side constraint test. For the pseudo side constraint
test, the sample was constrained to a stainless steel ring
using simple suture configurations and was distracted in
uniaxial tension to failure at 30 mm/min.
[0051] The results are illustrates in Figs. 8-9. Using
both test methods, the rectangular cross-hatch stitch pat-
tern had the highest suture retention loads compared to
other stitch configurations investigated. These data show
that the rectangular cross-hatch stitch pattern will make
the mechanical performance of fascia suitable for large
to massive rotator cuff tendon repairs.

Example 4

[0052] A polymer braid having a 6PLA sheath with
2PGA core (Concordia Medical, Coventry, RI) was
stitched into strips and patches of human fascia lata
ECM. To model in vivo physiologic loading, the suture
retention loads were quantified using three different tests:
unidirectional pull (Fig. 10), modified ball burst (Fig. 11),
and tension with side constraint (Figs. 12-13). For all
tests, load was applied to the samples using #2 Fiberwire
simple sutures (Arthrex Corporation, Naples, FL).
[0053] Specimens were subjected to failure testing us-
ing all three types of tests. Failure testing included 10
cycles of pre-conditioning from 5-15N at .25Hz followed
by constant rate distraction to failure at 30 mm/min. As
well, samples were subjected to cyclic fatigue testing
(5-150 N, 5000 cycles at 0.25 Hz in a saline bath) using
the tension with side constraint test.
[0054] The results indicate that reinforcing fascia lata
ECM with a biodegradable polymer significantly increas-
es its suture retention strength to physiologically relevant
loads (>100 N) (Figs. 10-12). Further, the reinforced
patch can resist cyclic fatigue loading at physiologically
relevant loads (5-150 N) for up to 5000 cycles (Fig. 13).
Hence, reinforced fascia may provide a natural, strong,
and mechanically robust scaffold for bridging tendon or
muscle defects.

Example 5

Bone fixation method

[0055] 16 x 1.5 cm pieces of fascia were stitched using
a peripheral double pass configuration using 6PGA and
6PLA polymer braids. Reinforced fascia was repaired to
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Sawbones using the following fixation techniques: 1) Kra-
kow stitch with post (models suture anchor) (Fig. 14A,
n=2); 2) Screw and washer fixation (Fig. 14B, n=2); and
Biotenodesis interference screw (Fig. 14C, n=2). The
samples were tested 100 cycles, 5-50 N at .25 Hz and
then loaded to failure at 30 mm/min.
[0056] The results are summarized in Figs. 15-17. Fail-
ure load is higher in reinforced fascia than native fascia
with all bone fixation methods (Fig 15), and failure load
is not different between fixation methods or fiber types
tested (Fig. 15). Krakow stitch fixation allows more cyclic
creep than the other methods (Fig. 16). Representative
load-displacement curves for the failure portion of the
test for samples reinforced with PGA fiber are shown in
Fig. 17. Biotenodesis screw fixation proved to be the stiff-
est of the three methods during the failure portion of the
test (Fig. 17).

Example 6

Suture retention test with non resorbable fibers

[0057] The studies were conducted to compare the su-
ture retention load of fascia reinforced with non-resorb-
able polyesters, sizes 2-0 and 3-0 polyethylene tereph-
thalate (PET) braided suture (Ashaway Twin Mfg. Co.,
RI) and ForceFiber™ UHMWPE braided suture (Teleflex
Medical, MA). Suture retention loads were quantified us-
ing the uniaxial suture retention test and compared to
fascia reinforced with size 2-0 custom braided PLA suture
(Concordia Fibers, RI).
[0058] Each 2 x 5 cm strip was provided with an inner
stitch line placed 5 mm away from the edge of the tissue
and an outer stitch line placed 3 mm from the edge of
the tissue. A template was created to assure uniformity
in the placement of the sutures.
[0059] The suture retention load, defined as the max-
imum load attained by the specimen was quantified using
a standard pull to failure test with one simple suture. The
specimen was preloaded to 2 N and then distracted to
failure at a rate of 30 mm/min.
[0060] The results of this test are illustrated in Fig. 18.
Fig. 18 shows that stitching as a reinforcement method
has the ability to increase the suture retention strength
of fascia (compare to unreinforced fascia shown in Fig
10). Even though different polymer braids have been
used, the table clearly indicates an increase in suture
retention properties, irrespective of the polymer braid
used as the reinforcing material. Additionally, suture re-
tention strength of the fascia reinforced with FORCE FIB-
ER in both sizes was significantly higher compared to
fascia reinforced with the PET braided and PLA braided
suture materials. No significant difference, however, in
suture retention strength was found between 2-0 (174
639 N) and 3-0 (173 6 20 N) FORCE FIBER reinforced
fascia. Further, the 2-0 PET reinforced fascia (129 6 8
N) had a significantly higher suture retention load com-
pared to the 3-0 PET reinforced fascia (87 6 5 N) and

the PLA reinforced fascia (106 6 9 N).

Suture Displacement Test

[0061] Fig. 19 gives the average load displacement
plots (LD) of 2 x 5 cm strips of fascia reinforced with 2-0
and 3-0 sized PET braided suture (Ashaway Twin Mfg.
Co., RI) and FORCE FIBER UHMWPE braided suture
(Teleflex Medical, MA). The LD plot was also generated
for fascia reinforced with 6PLA.
[0062] The LD plots for fascia reinforced with different
suture materials is essentially the same until 5 mm of
displacement. Visual inspection suggests that initially
both the fibers and fascia matrix are loaded as the fibers
slip through the fascia matrix. After about 5 mm of dis-
placement, however, the fibers completely slip out from
the fascia matrix and become the primary load bearing
components of the reinforced fascia construct.
[0063] The complete slippage of fibers from the fascia
matrix corresponds to the initial placement of the stitch
lines at 5-10 mm from the edge of the fascia patch. After
the fiber has completely slipped from the fascia, the max-
imum load attained by the reinforced fascia construct de-
pends on the ultimate tensile strength and knot breaking
strength of the respective fibers used to reinforce the
fascia.
[0064] For the PET samples, slipping of the fiber at the
fiber-fascia interface was followed by breaking of the
stitched fiber loop at displacements greater than 5 mm.
The FORCE FIBER samples failed when the inner stitch
line unraveled in the direction of loading together with
pulling along the stitching lines and breaking of the
stitched loops.
[0065] It may be concluded from the LD plots that 2-0
FORCE FIBER reinforced fascia is stiffer than fascia re-
inforced with other suture materials. The large error bars
seen in Fig. 19 for the 2-0 FORCE FIBER reinforced fas-
cia are due to the divergent behavior of one of the four
tested specimens.

Claims

1. A biocompatible tissue graft for repairing tissue in a
subject comprising:

an extracellular matrix patch; and a means for
reinforcing the patch to mitigate tearing and/or
improve fixation retention of the patch, wherein
the reinforcing means comprises at least one
fiber stitched into the patch in a reinforcement
pattern.

2. A biocompatible tissue graft of claim 1, wherein the
extracellular matrix patch is a fascia patch.

3. The tissue graft of claim 1 or claim 2, wherein the
reinforcing means comprises fibers stitched into the
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patch in a concentric pattern.

4. The tissue graft of claim 3, wherein the reinforcing
means comprises multiple concentric patterns of fib-
ers stitched into the patch.

5. The tissue graft of claim 1 or claim 2, wherein the
reinforcing means comprises fibers stitched into the
patch in a cross-hatched configuration.

6. The tissue graft of claim 1 or claim 2, wherein the
fiber is selected from the group consisting of silk,
sericin free silk, modified silk fibroins, polyesters like
polyglycolic acid (PGA), polylactic acid (PLA), poly-
lactic-co-glycolic acid (PLGA), polyethyleneglycol
(PEG), polyhydroxyalkanoates (PHA), polyethylene
terephthalate (PET), polyethylene (PE), ultra-high
molecular weight polyethylene (UHMWPE), blends
thereof, and copolymers thereof.

7. The tissue graft of claim 1 or claim 2, wherein at least
one of the patch and the fiber is modified to improve
adhesion between the patch and the fiber.

8. The tissue graft of claim 1 or claim 2, wherein the
patch is decellularized.

9. The tissue graft of claim 1 or claim 2, wherein the
patch further comprises at least one progenitor cell.

10. The tissue graft of claim 1 or claim 2, wherein the
patch further comprises at least one biologically ac-
tive molecule selected from the group consisting of
enzymes, hormones, cytokines, colony-stimulating
factors, vaccine antigens, antibodies, clotting fac-
tors, angiogenesis factors, regulatory proteins, tran-
scription factors, receptors, and structural proteins
and combinations thereof.

Patentansprüche

1. Biokompatibles Gewebetransplantat für die Repara-
tur von Gewebe bei einem Subjekt, das Folgendes
umfasst:

ein Patch von extrazellulärer Matrix; und ein Mit-
tel für die Verstärkung des Patches, um Reißen
zu vermindern und/oder die Befestigungshalte-
rung des Patches zu verbessern, wobei das ver-
stärkende Mittel mindestens eine Faser um-
fasst, die in einem Verstärkungsmuster in dem
Patch vernäht ist.

2. Biokompatibles Gewebetransplantat nach Anspruch
1, wobei das Patch von extrazellulärer Matrix ein
Faszien-Patch ist.

3. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei das verstärkende Mittel Fasern um-
fasst, die in einem konzentrischen Muster in dem
Patch vernäht sind.

4. Gewebetransplantat nach Anspruch 3, wobei das
verstärkende Mittel mehrere konzentrische Muster
von Fasern umfasst, die in dem Patch vernäht sind.

5. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei das verstärkende Mittel Fasern um-
fasst, die in einer Gitterkonfiguration in dem Patch
vernäht sind.

6. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei die Faser aus der Gruppe ausge-
wählt ist, die aus Folgenden besteht: Seide, Sericin-
freier Seide, modifizierten Seidenfibroinen, Polyes-
ter wie zum Beispiel Polyglycolsäure (PGA), Poly-
milchsäure (PLA), Polymilch-co-glycolsäure (PL-
GA), Polyethylenglycol (PEG), Polyhydroxyalkano-
aten (PHA), Polyethylenterephthalat (PET), Polye-
thylen (PE), ultrahochmolekularem Polyethylen
(UHMWPE), Gemischen davon und Copolymeren
davon.

7. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei mindestens eines von dem Patch
oder der Faser modifiziert ist, um die Haftung zwi-
schen dem Patch und der Faser zu verbessern.

8. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei das Patch dezellularisiert ist.

9. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei das Patch weiter mindestens eine
Progenitorzelle umfasst.

10. Gewebetransplantat nach Anspruch 1 oder An-
spruch 2, wobei das Patch weiter mindestens ein
biologisch aktives Molekül umfasst, das aus der
Gruppe ausgewählt ist, die aus Folgenden besteht:
Enzymen, Hormonen, Zytokinen, koloniestimulie-
renden Faktoren, Impfstoffantigenen, Antikörpern,
Gerinnungsfaktoren, Angiogenesefaktoren, regula-
torischen Proteinen, Transkriptionsfaktoren, Rezep-
toren und Strukturproteinen und Kombinationen da-
von.

Revendications

1. Greffon tissulaire biocompatible pour la réparation
de tissu chez un sujet comprenant : un timbre ma-
triciel extracellulaire ; et un moyen pour le renforce-
ment du timbre pour atténuer le déchirement et/ou
améliorer le maintien de fixation du timbre, dans le-
quel le moyen de renforcement comprend au moins
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une fibre cousue dans le timbre selon un motif de
renforcement.

2. Greffon tissulaire biocompatible selon la revendica-
tion 1, dans lequel le timbre matriciel extracellulaire
est un timbre de fascia.

3. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel le moyen de renfor-
cement comprend des fibres cousues dans le timbre
selon un motif concentrique.

4. Greffon tissulaire selon la revendication 3, dans le-
quel le moyen de renforcement comprend des motifs
concentriques multiples de fibres cousues dans le
timbre.

5. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel le moyen de renfor-
cement comprend des fibres cousues dans le timbre
dans une configuration de hachures croisées.

6. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel la fibre est sélection-
née dans le groupe constitué de soie, de soie exemp-
te de séricine, de fibroïnes de soie modifiées, de
polyesters comme l’acide polyglycolique (PGA),
l’acide polylactique (PLA), l’acide polylactique-co-
glycolique (PLGA), le polyéthylèneglycol (PEG), les
polyhydroxyalcanoates (PHA), le téréphtalate de po-
lyéthylène (PET), le polyéthylène (PE), le polyéthy-
lène à très haute masse moléculaire (UHMWPE), de
mélanges de ceux-ci, et de copolymères de ceux-ci.

7. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel au moins un élément
parmi le timbre et la fibre est modifié pour améliorer
l’adhésion entre le timbre et la fibre.

8. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel le timbre est décel-
lularisé.

9. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel le timbre comprend
en outre au moins une cellule progénitrice.

10. Greffon tissulaire selon la revendication 1 ou selon
la revendication 2, dans lequel le timbre comprend
en outre au moins une molécule active biologique-
ment sélectionnée dans le groupe constitué d’enzy-
mes, d’hormones, de cytokines, de facteurs de sti-
mulation de colonies, d’antigènes vaccinaux, d’anti-
corps, de facteurs de coagulation, de facteurs d’an-
giogenèse, de protéines régulatrices, de facteurs de
transcription, de récepteurs, et de protéines structu-
relles et de combinaisons de ceux-ci.
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