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(57) Abstract: The present invention relates to an openwork prosthetic knit (1) made from a single piece based on at least a first yarn
made of biocompatible polymer material that defines a first face (2) and a second face that are opposite one another and from a
second biocompatible yarn that generates barbs (5) that protrude outwards from at least said first face, characterized in that said first
face comprises at least one longitudinal strip (4) in the direction of the manufacture of said knit, over which it 1s provided with said
barbs (5), and at least one longitudinal strip (3) in the direction of the manufacture of said knit, over which it 1s free of such barbs. It
also relates to a process for manufacturing such a knit (1) and to a prosthesis comprising such a knit (1).
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KNIT WITH STRIPS WITHOUT BARBS, METHOD OF MAKING SAME AND

PROSTHESES MADE FROM SAID KNIT

The present invention relates to a prosthetic knit made from a
single piece, at least one face of which comprises one or more strips provided
with barbs and one or more strips free of barbs. Such a knit can particularly be
used for producing prostheses requiring variable fastening capabilities, for
example for fastening to biological tissues, on the surface of said prosthesis.

Wall reinforcement prostheses, for example for the abdominal wall,
are widely used In surgery. These prostheses are intended to treat hernias by
temporarily or permanently filling a tissue defect. These prostheses are
generally made of biocompatible prosthetic fabric and can have a number of
shapes, for example rectangular, circular or oval, depending on the anatomical
structure to which they are to be fitted. Some of these prostheses are made
from entirely bioresorbable yarns and are intended to disappear after having
performed their reinforcing role while cell colonization takes place and tissue
rehabilitation takes over. Others comprise non-bioresorbable yarns and are
intended to remain permanently in the body of the patient.

Some of these prostheses are made from an arrangement of yarns,
a knit, a woven or non-woven fabric, comprising barbs protruding outwards
from one face of the prosthesis: these barbs constitute hooks that are able to
fix themselves either in another prosthetic fabric, belonging to the same
prosthesis or not, or directly in the biological tissues, for example the abdominal
wall.

The presence of barbs capable of fastening directly to biological
tissues makes it possible to do away with additional means of attachment for
the prosthesis, such as staples, sutures, etc. However, In certain cases, for
example when the prosthesis must be implanted in the vicinity of fragile or
sensitive organs, such as vessels, nerves, or else the spermatic cord, it may
prove advantageous for the part of the prosthesis in contact with these organs
to be free of such barbs.

In such cases, a composite prosthesis Is generally produced
comprising a first textile portion with barbs and a second textile portion without
barbs that is assembled to the first portion, for example by means of stitching,
or ultrasonic welding, etc. Such a process is tedious and complicated.
Furthermore, due to the discontinuous nature of the textile making up the
composite prosthesis thus obtained, the mechanical properties of the
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prosthesis are not the same over the whole of the prosthesis. In particular, the
assembly zone of the first textile portion to the second textile portion generally
constitutes a line of weakness of the prosthesis.

Therefore, there remains a need for a knit that makes it possible to
provide a reinforcing prosthesis both with zones that have good fastening
capablilities and smoother and non-traumatizing zones, and which would not
require additional steps during its manufacturing process.

The present invention aims to meet this need by proposing a knit
made of a single piece, at least one face of which has one or more longitudinal
strips provided with barbs and one or more longitudinal strips free of such
barbs.

The present invention relates to an openwork prosthetic knit made
from a single piece based on at least a first yarn made of biocompatible
polymer material that defines a first face and a second face that are opposite
one another and from a second biocompatible yarn that generates barbs that
protrude outwards from at least said first face, characterized in that said first
face comprises at least one longitudinal strip in the direction of the manufacture
of said knit, over which it is provided with said barbs, and at least one
longitudinal strip in the direction of the manufacture of said knit, over which it is
free of such barbs.

The present invention also relates to a process for manufacturing a
knit such as above comprising the following steps:

- a) manufacture of an arrangement of first yarns of biocompatible
polymer materials that define a first face and a second face that are opposite
one another for said knit and of at least one second yarn, biocompatible heat-
fusible monofilament yarn, that forms small loops that protrude outwards from
said first face, by knitting on a warp or Raschel knitting machine, of said first
varns and of said second yarn using at least three guide bars, said first yarns
being threaded, continuously on two of said three guide bars, over the whole of
the width of said knitting machine, said second yarn being threaded,
intermittently on the third guide bar, only over a width corresponding to the
width of the strip(s) provided with barbs of said knit,

- b) cutting, by melting, of said loops, each loop generating two
barbs.

Step b) of melting the loops of the above process is described for
example in document WO01/81667.
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In the present application, the expression “prosthetic knit" is
understood to mean a knit intended to be implanted in the human or animal
body Iin the form of a prosthesis or of any other part made at least partly with
salid knit.

In the present application, the expression "openwork Kknit" Is
understood to mean a knit having a weave or weaves that determine cells or
voids in the thickness of the knit and on the faces of the knit, these cells or
voids possibly forming channels that open on both sides of the knit. Such an
openwork knit enables better tissue integration.

The expression “knit made from a single piece” is understood
according to the present application to mean that the knit is produced in a
single knitting step and does not comprise additional textile added by any
means of attachment such as stitching, ultrasonic welding, etc. Thus, the knit
according to the invention has mechanical properties that are constant over the
whole of its surface, independently of the presence or absence of barbs on the
longitudinal strips.

The first yarns of the knit according to the invention may be
monofilament and/or multiflament yarns, and may be made from any
biodegradable or non-biodegradable biocompatible material. Thus, the
biodegradable materials suitable for the first yarns of the knit of the present
iInvention may be selected from polylactic acid (PLA), polyglycolic acid (PGA),
oxidized cellulose, polycaprolactone (PCL), polydioxanone (PDO), trimethylene
carbonate (TMC), polyvinyl alcohol (PVA), polyhydroxyalkanoates (PHAS),
copolymers thereof and mixtures thereof. The non-biodegradable materials
suitable for the first yarns of the knit of the present invention may be selected
from polyethylene terephthalate (PET), polyamides, aramids, expanded
polytetrafluoroethylene, polyurethane, polyvinylidene difluoride (PVDF), butyl
ester polymers, polyetheretherketone (PEEK), polyolefins (such as
polyethylene or polypropylene), polyethers, copper alloys, silver or platinum
alloys, medical grades of steel such as medical-grade stainless steel, and
combinations thereof.

In one embodiment of the invention, said first face comprises
several of said longitudinal strips provided with barbs that protrude outwards,
and several of said longitudinal strips which are free of such barbs.

In the longitudinal strip(s) where they are present, the barbs of the
knit according to the invention may protrude from the first face substantially
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perpendicular to the plane of said face or alternatively along one or more
planes that are inclined relative to the plane of said face. Generally, these
barbs have the shape of a shaft, having the diameter of the yarn used for their
formation, surmounted by a head having a diameter greater than that of the
shaft.

For example, the first face of the knit according to the invention
may comprise several longitudinal strips free of barbs, these strips being
Intended to be located opposite fragile or sensitive organs once the prosthesis
or knit is implanted, the remainder of the first face of the knit being provided
with barbs located opposite other organs, for example muscles, to which they
will be able to fasten in order to attach the knit or the prosthesis.

Alternatively, these barbs may be intended to be entangled in one
or more arrangements of yarns, fibres, filaments and/or multiflaments of
another prosthetic textile, for example in order to form a composite reinforcing
prosthesis, in particular if it is desired, for example, for only certain strips of the
knit according to the invention to fasten in this other prosthetic textile.

Thus, it is possible to prepare knits having a central longitudinal
strip free of barbs, and two lateral longitudinal strips provided with barbs. It is
for example possible to cut out transversely in such a knit prostheses for the
manufacture of bands for treating urinary incontinence in women, such bands
having a relatively smooth and atraumatic central portion for placing opposite
the urethra, and corresponding to the central longitudinal strip of the knit during
the manufacture thereof before cutting, and two outermost portions with barbs
for attachment to the surrounding tissues, these two outermost portions of the
prosthesis corresponding to the two lateral longitudinal strips of the knit during
the manufacture thereof before cutting.

In one embodiment, the second yarn is a heat-fusible monofilament
varn. Thus, the step of manufacturing the barbs is facilitated, as will become
apparent from the description that follows. In particular, in one embodiment,
sald barbs protrude outwards from said first face over a length ranging from 1
to 2 mm, preferably over a length of around 1.5 mm. Such a length of the barbs
enables both a good fastening of the barbs to the biological tissues and an
optimized manufacturing process. Such a length of the barbs makes it possible
In particular to preserve the integrity of the yarns forming the knit during the
formation of the barbs by melting of the loops as described in WO01/81667.
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In one embodiment of the invention, said second yarn is a
monofilament yarn made of polylactic acid.

In one embodiment of the invention, the width of the longitudinal
strip(s) free of barbs varies from 1 cm to 3 cm. Such embodiments allow a
facilitated and optimized manufacturing process. Such a small width makes it
possible In particular to preserve the integrity of the yarns forming the knit
during the step of melting the loops In order to obtain the barbs as described In
WOO01/816067.

In one embodiment of the invention, the chart followed for the
knitting of said first and second yarns Is selected from the following charts:

for said first yarns, threaded on two guide bars B1 and B2,
according to the ISO 11676 standard:

- bar B1: 1.0/0.1//

- pbar B2: 1.0/5.5/1.0/3.3// or 1.0/7.7/6.6/7.7//

for saild second yarn, threaded on the third guide bar B3,
according to the ISO 11676 standard:

bar B3: 2.1/5.5/3.4/0.0//

In embodiments, the first yarns are made of polyethylene
terephthalate, and the second yarn is made of of polylactic acid.

For example, the second yarn may be threaded intermittently
according to the following threading plan: (1 full- 3 empty)Xo60, 1 full, 19 empty,
(1 full- 3 empty)X60. Alternatively, the second yarn may be threaded
intermittently according to the following threading plan: (1 full- 3 empty)X60, 1
full, 15 empty, (1 full- 3 empty)X60. Alternatively, the second yarn may be
threaded intermittently according to the following threading plan: (1 full- 3
empty)Xo0, 1 full, 11 empty, (1 full- 3 empty)X60.

The advantages of the present invention will emerge from the
following examples and from the figures in which:

- Figures 1A to 1C show the respective charts of three guide bars
used for obtaining a knit according to the invention,

- Figure 2 is a partial top view of a knit according to the invention,

- Figure 3 Is a cross section of the knit from Figure 2.

EXAMPLES:

EXAMPLE 1:
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The following knit according to the invention is produced on a warp
knitting machine:

5 Knit A: having the following chart according to the ISO 11676
standard:

- bar B1: 1.0/0.1//
- bar B2: 1.0/5.5/1.0/3.3//
10 - bar B3: 2.1/5.5/3.4/0.0//

The respective charts for bars B1, B2 and B3 are illustrated Iin
Figures 1A to 1C.

15 Alternatively, the chart of bar B2 could be replaced by the following:
1.0/7.7/6.6/7.7//

Bar B1 and bar B2 are each threaded continuously 1 full, 1 empty,
over the width of the knitting machine with a monofilament yarn made of
20 polyethylene terephthalate (PET) having a diameter of 0.08 mm, commercially

available from the company SIDER ARC.
Bar B3, which will give rise to the barbs, Is threaded intermittently

with a heat-fusible monofilament yarn made of polylactic acid having a diameter
of 0.15 mm, according to the following threading plan:

25
(1 full- 3 empty)X60, 1 full, 19 empty, (1 full- 3 empty)X60

The knitting according to the chart above leads to the formation of
loops that protrude outwards from one face of the knit by the heat-fusible
30 monofilament made of polylactic acid.

The knit 1 obtained, after cutting the loops by melting as described
iIn WO01/81667 In order to obtain barbs, is shown in Figures 2 and 3: the first
face, namely the top face 2 in Figures 2 and 3, has a central longitudinal strip 3

35 In the direction EE’ of the manufacture of said knit 1, on which it is free of barbs
and two lateral strips 4 provided with barbs 5. Generally the barbs 5 have the
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shape of a shaft having the diameter of the yarn used for their formation,
surmounted by a head having a diameter greater than that of the shaft. The
barbs 5 protrude outwards from the first face 2 over a length of around 1.5 mm.
Such a length of the barbs 5 enables a good fastening of the barbs In the
biological tissues during the implantation of the knit 1 or of a prosthesis
comprising this knit 1. Furthermore, such a length of the barbs 5 makes it
possible in particular to preserve the integrity of the monofilament yarns made
of polyethylene terephthalate (PET) forming the knit 1 during the formation of
the barbs by melting the loops as described in WO01/81667, the hotplate used
for melting the loops thus being kept at a sufficient distance from the
monofilament yarns made of polyethylene terephthalate (PET) that form the
ground structure of the knit 1.

The central longitudinal strip 3 has a width of around 1.8 cm. Such
a small width makes It possible to preserve the integrity of the monofilament
yvarns made of polyethylene terephthalate (PET) forming the ground structure of
the knit 1 during the step of melting the loops in order to obtain the barbs 5.

Thus, the heat-fusible monofilament yarn is threaded on the bar B3,
only over a width corresponding to the sum of the widths of the two lateral
strips 4 provided with barbs 5 of said knit 1.

Such a knit 1 has the same mechanical properties as the knit which
would be obtained If the heat-fusible monofilament yarn was threaded
continuously 1 full, 3 empty, on the bar B3 over the total width of the knitting
machine.

EXAMPLE 2:

A knit Is produced with the same yarns and charts as those from
EXAMPLE 1, the knit according to the present example differing from that of
EXAMPLE 1 only by the threading of the bar B3, this threading being:

(1 full- 3 empty)Xo60, 1 full, 15 empty, (1 full- 3 empty)X60
The knit obtained, after cutting the loops by melting as described In

WOO01/81667 In order to obtain barbs, is similar to that from Figures 2 and 3,
but with a narrower central strip. In the present example, the first face of the
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knit has a central longitudinal strip in the direction of the manufacture of said

knit, on which it is free of barbs, having a width of around 1.4 cm. Such a small

width makes it possible to preserve the integrity of the monofilament yarns

made of polyethylene terephthalate (PET) that form the ground structure of the
5 knit during the step of melting the loops Iin order to obtain the barbs.

Such a knit has the same mechanical properties as the knit which
would be obtained If the heat-fusible monofilament yarn was threaded

continuously 1 full, 3 empty, on the bar B3 over the total width of the knitting
10  machine.

EXAMPLE 3:

A knit Is produced with the same yarns and charts as those from
15 EXAMPLE 1, the knit according to the present example differing from that of
EXAMPLE 1 only by the threading of the bar B3, this threading being:

(1 full- 3 empty)X60, 1 full, 11 empty, (1 full- 3 empty)X60

20 The knit obtained, after cutting the loops by melting as described In
WOO01/81667 In order to obtain barbs, i1s similar to that from EXAMPLE 2, but
with an even narrower central strip. In the present example, the first face of the
knit has a central longitudinal strip in the direction of the manufacture of said
knit, on which it is free of barbs, having a width of around 1 cm. Such a small

25 width makes it possible to preserve the integrity of the monofilament yarns
made of polyethylene terephthalate (PET) that form the ground structure of the
knit during the step of melting the loops in order to obtain the barbs.

Such a knit has the same mechanical properties as the knit which
30 would be obtained if the heat-fusible monofilament yarn was threaded

continuously 1 full, 3 empty, on the bar B3 over the total width of the knitting
machine.

The knits from Examples 1 to 3 above may be used as they are or
35 In combination with other textiles in order to form reinforcing prostheses, for
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example abdominal wall reinforcing prostheses, or else bands for treating
urinary incontinence.
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The embodiments of the present invention for which an exclusive property or privilege 1s

claimed are defined as follows:

1. An openwork prosthetic knit made from a single piece based on at least a first yarn
made of biocompatible polymer material that defines a first face and a second face that are

opposite one another and from a second biocompatible yarn that generates barbs that protrude
outwards from at least said first face, wherein said first face comprises at least one longitudinal
strip in a direction of manufacture of said knit, which 1s provided with said barbs, and at least
one further longitudinal strip in the direction of the manufacture of said knit which is free of
such barbs wherein the {irst yarn and the second vam are knit according to the following chart:

for said first yarns, threaded on two guide bars B1 and B2, according to the ISO 11676

standard:

- bar B1: 1.0/0.1//
- bar B2: 1.0/5.5/1.0/3.3// or 1.0/7.77/6.6/7.7//, and
for said second yarn, threaded on the third guide bar B3, according to the ISO 11676

standard:

- bar B3: 2.1/5.5/3.4/0.0//.

2. The knit according to Claim 1, wherein said first face comprises several of said

longitudinal strips provided with the barbs that protrude outwards, and several of said

longitudinal strips which are free of such barbs.

3. The knit according to Claim 1 or 2, wherein said second yarn 1s a heat-fusibie

monofilament yarn.

4, The knit according to any one of Claims | to 3, wherein said barbs protrude outwards

from said first face over a length ranging from 1 to 2 mm.

5. The knit according to any one of Claims 1 to 3, wherein said barbs protrude outwards

from said first face over a length of about 1.5 mm.

6. A knit according to any one of Claims 1 to 5, wherein a width of the longitudinal strip(s)

frec of the barbs varies from 1 cm to 3 cm.

7. A process for manufacturing a knit comprising the following steps:

(a) manufacturing an arrangement of first yarns of biocompatible polymer material that
define a first face and a second face that are opposite one another for said knit and of at least

one second, biocompatible heat-fusible monofilament yarn, that forms small loops that

CA 2859072 2019-02-055
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protrude outwards from said first face, by knitting on a warp or Raschel knitting machine, of
said first yarns and of said second yarn using at least three guide bars, said first yarns being
threaded, continuously on two of said three guide bars, over the whole of a width of said
knitting machine, said second yarn being threaded, intermittently on the third guide bar, only
over a width corresponding to a width of a longitudinal strip to be provided with barbs, wherein

the first yarn and the second yarn are knit according to the following chart:

for said first yarns, threaded on two guide bars B1 and B2, according to the ISO 11676

standard:
- bar B1: 1.0/0.1//
~-bar B2: 1.0/5.5/1.0/3.3// or 1.0/7.7/6.6/7.77//

for said second yarn, threaded on the third guide bar B3, according to the ISO 11676

standard:

- bar B3:2.1/5.5/3.4/0.0//; and
(b) cutting, by melting, of said loops, each loop generating two barbs.

8. The process according to claim 7, wherein the first yamns are made of polyethylene

terephthalate, and the second yarn 1s made of polylactic acid.

9. The process according to claim 7 or 8, wherein the second yarn is threaded

intermittently according to the following threading plan:

(1 full- 3 empty)X60, 1 full, 19 empty, (1 full- 3 empty)X60.

10.  The process according to claim 7 or 8, wherein the second yarn is threaded
intermittently according to the following threading plan:

(1 full- 3 empty)X60, 1 full, 15 empty, (1 full- 3 empty)X60.

11. The process according to claiam 7 or &, wherein the second yarn 1s threaded

intermittently according to the following threading plan:

(1 full- 3 empty)X60, 1 full, 1 1 empty, (1 full- 3 empty)X60.

12, A prosthesis comprising at least one knit according to any one of Claims 1 to 6 or

obtained according to the process of any one of Claims 7 to 11.

13. A process for manufacturing a knit, comprising the following steps:

a) manufacturing an arrangement of first and second yarns, said first yarn comprising a
brocompatible polymer material that define a first face and a second face that are opposite one

another and said second yarn comprising a biocompatible heat-fusible monofilament yarn, that

CA 2859072 2019-02-05;
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forms small loops that protrude outwards from said first face, by knitting on a warp or Raschel
knitting machine, of said first yarns and of said second yarn using at least three guide bars, said
first yarns being threaded, continuously on two of said three guide bars, over a whole of a width
of said knitting machine, said second yarn being threaded, intermittently on the third guide bar,
only over a width corresponding to a width of a first longitudinal strip to be provided with
barbs, wherein the second yarn is threaded intermittently according to the following threading
plan:
(1 full-3 empty)=60, 1 full, 19 empty, (1 full-3 empty)=x60; and

b) cutting, by melting, of said loops, each loop generating two barbs.

14. A process for manufacturing a knit, comprising the following steps:

a) manufacturing an arrangement of first and second yarns, said first yarn comprising a
biocompatible polymer material that define a first face and a second face that are opposite one
another and said second yarn comprising a biocompatible heat-fusible monofilament yarn, that
forms small loops that protrude outwards from said first face, by knitting on a warp or Raschel
knitting machine, of said first yarns and of said second yarn using at least three guide bars, said
first yarns being threaded, continuously on two of said three guide bars, over a whole of a width
of said knitting machine, said second yarn being threaded, intermittently on the third guide bar,
only over a width corresponding to a width of a first longitudinal strip to be provided with

barbs, wherein the second yarn is threaded intermittently according to the following threading

plan:

(1 full-3 empty)x60, 1 full, 15 empty, (1 full-3 empty)*60; and

b) cutting, by melting, of said loops, each loop generating two barbs.
15. A process for manufacturing a knit, comprising the following steps:

a) manufacturing an arrangement of first and second yarns, said first yarn comprising a
biocompatible polymer material that define a first face and a sccond face that are opposite one

another and said second yarn comprising a biocompatible heat-fusible monofilament yarn, that

torms small loops that protrude outwards from said first face, by knitting on a warp or Raschel
knitting machine, of said first yarns and of said second yarn using at least three guide bars, said
first yarns being threaded, continuously on two of said three guide bars, over a whole of a width
of said knitting machine, said second yarn being threaded, intermittently on the third guide bar,
only over a width corresponding to a width of a first longitudinal strip to be provided with

barbs, wherein the second yarn 1s threaded intermittently according to the following threading

plan:

CA 2859072 2019-02-05
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(1 full-3 empty)*60, 1 full, 11 empty, (1 full-3 empty)*60; and
b) cutting, by melting, of said loops, each loop generating two barbs.

CA 2859072 2019-02-055
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