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Description

[0001] The present invention provides a prosthesis, for
repairing hernias, for example, comprising a mesh and
a member for reinforcing the mesh.
[0002] In humans the abdominal wall consists of fat
and muscles interconnected by aponeuroses. A break in
continuity may occur at the level of the aponeuroses,
allowing part of the peritoneum to pass through and form
a sac, known as a hernia, containing either fat or a portion
of the intestine. Hernias or ventral ruptures (hernias oc-
curring on a parietal surgical scar) are manifested by a
protrusion on the surface of the skin and are called um-
bilical or inguinal hernias or ventral ruptures, for example,
as a function of their location.
[0003] To repair a hernia, surgeons often fit a synthetic
mesh prosthesis that replaces or reinforces the weak-
ened anatomical tissue.
[0004] However, the efficacy of the prosthesis, and
thus minimizing the risk of relapse, depend to a great
degree on the proper fixing of the prosthesis. In particular,
before being fixed, the prosthesis must be correctly
spread over the abdominal wall that it is intended to re-
inforce. Prostheses of mesh type, i.e. based on an ar-
rangement of threads forming a textile, are generally flex-
ible, and to introduce them into the hernia they are often
folded to reduce their volume. They therefore tend to form
creases on the abdominal wall when they are introduced
onto the implantation site. In this respect spreading them
out is of primary importance but may prove difficult, in
particular in the case of treating an umbilical hernia,
which, being smaller than an inguinal hernia, offers little
working space and little visibility for manipulation of the
prosthesis by the surgeon.
[0005] In the case of umbilical hernias, for example, or
when the aim of treatment is to repair trocart holes or
preventive, the size of the defect to be treated is small,
for example from 1 to 4 cm diameter, and open surgery
may be envisaged without widening the defect. However,
in this type of surgery, the surgeon has little working
space and little visibility. It would thus be preferable to
have a prosthesis that is easy to position, to spread out
and to fix, if possible avoiding the necessity for sutures
at the periphery of the prosthesis, which is complicated
and laborious under such working conditions.
[0006] Failure to spread the prosthesis out perfectly
against the abdominal wall leads to the risk of trapping
the peritoneal sac and the risk of insertion of a soft organ
between the prosthesis and the abdominal wall, which
can lead to the risk of adhesions, pain and intestinal
blockage and increase the possibility of relapse. It is
therefore essential for the surgeon to be sure that no part
of the prosthesis remains folded and that no viscera or
any part of the intestines lie between the prosthesis and
the abdominal wall. Moreover, incorrect positioning of
the sutures or incorrect fixing of the prosthesis risks dis-
tortion of the prosthesis and the creation of tensions.
[0007] Thus in the case of an umbilical hernia in par-

ticular, having a small orifice for introducing the prosthe-
sis, it would be beneficial to have a prosthesis adapted
to occupy a small volume in a first configuration in order
to facilitate its introduction into the abdominal cavity via
said orifice and then to be deployed, spread out and
pressed easily against the abdominal wall so that the
surgeon is sure of the optimal positioning of the prosthe-
sis and can moreover fix the prosthesis efficaciously with-
out sutures at its periphery, and this, despite the little
intrinsic visibility of small size hernias.
[0008] Various prostheses that may be folded up and
then deployed are available.
[0009] The present invention concerns a prosthesis
that is adapted to be folded up in order to reduce the
volume that it occupies at the time of its introduction into
a small incision and on the other hand to be spread out
and fixed easily so that the surgeon is sure of the perfect
spreading of the prosthesis and that it may be fixed effi-
caciously at a certain distance between the centre of the
prosthesis and its periphery without sutures at the pe-
riphery of the prosthesis and this, despite the little intrinsic
visibility of small size hernias.
[0010] The prosthesis of the invention is beneficial for
treating hernias of the abdominal wall, in particular for
treating umbilical hernias where the defect is small. A
prosthesis according to the preamble of claim 1 is known
from the document FR-A-2951069.
[0011] A first aspect of the present invention provides
a prosthesis comprising:

- at least one flexible mesh delimited by a peripheral
exterior edge,

- at least one member for reinforcing said mesh, said
reinforcing member taking the form of a frame fas-
tened to said mesh and substantially adopting the
shape of said peripheral exterior edge of the mesh,
said frame being set back from said peripheral ex-
terior edge and being provided with two hinge points,
the line passing through said two hinge points also
passing through the centre of the mesh and thus
forming a line M for folding the mesh in two,

characterized in that said prosthesis further comprises
at least two anchor pieces made of suturable material
and located on a single face of the mesh on either side
of said folding line, each piece having a fixed part linked
to said mesh and a free part, said free part being linked
to at least one thread-shaped element.
[0012] The reinforcing member or frame may be rigid
or have some flexibility. According to the present inven-
tion, the mesh and thus the prosthesis can be folded in
two because of the presence of the two hinge points of
the frame, regardless of the presence or not of intrinsic
elastic properties of the frame.
[0013] In the context of the present application the term
"mesh" refers to an arrangement of biocompatible
threads, for example a knitted, woven or non-woven ma-
terial, preferably of the openwork kind, i.e. having pores
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encouraging tissue recolonization. Such a mesh may be
bioresorbable, partly bioresorbable or permanent. It is
sufficiently flexible to be folded up at the time of its intro-
duction into the abdominal cavity. The mesh may be pro-
duced from one layer of textile or from a plurality of layers
of textiles. Such meshes are well known to the person
skilled in the art. The mesh usable for the invention may
be supplied in any shape (rectangular, square, circular,
oval, etc.) and then cut to match the shape of the hernia
defect. For example, the mesh may have the overall
shape of a disc or an oval: in this case the frame also
has a circular or oval shape and is preferably in the form
of a ring. Alternatively, the mesh may have a globally
square or rectangular shape: in this case the frame also
has a square or rectangular shape. The frame is set back
from the exterior peripheral edge of the mesh: thus, whilst
adopting the shape of the contour of the mesh, the frame
has an exterior perimeter smaller than that of the exterior
peripheral edge of the mesh: in other words, the exterior
peripheral edge of the mesh extends a certain distance
beyond the frame. This distance may be greater than or
equal to 1 mm, for example. In other words also, the
frame and the exterior peripheral edge of the mesh are
of similar geometric shape but the frame shows dimen-
sions which are less than that of the exterior peripheral
edge of the mesh.
[0014] As will become apparent from the following de-
scription, the shape of the frame and its location, set back
slightly from the exterior peripheral edge of the mesh,
enable the surgeon, when implanting the prosthesis, to
fix it to the peritoneum efficaciously without requiring su-
tures at the periphery of the mesh: the surgeon is able
to fix the prosthesis along the interior contour of the frame
only, said interior contour defining a stitches fixing line:
this avoids the surgeon having to apply stitches to the
prosthesis at the exterior peripheral edge of the mesh,
which is difficult to reach and hardly visible because of
the small size of the incision. The interior contour of the
frame of the prosthesis of the invention defines a fixing
line, or stitching line, located approximately half way be-
tween the centre of the mesh and its exterior peripheral
edge, along which the surgeon may locate the stitches
when he fixes the prosthesis to the abdominal wall. Nev-
ertheless, perfect spreading out of the prosthesis is as-
sured by the presence of the frame which, by adopting
the shape of the contour of the exterior peripheral edge,
ensures deployment of the prosthesis and pressing
thereof onto the abdominal wall.
[0015] In the context of the present application, by "an-
chor piece made of suturable material" is meant that the
anchor piece is capable of being linked to, or passed
through by, a thread-shaped element as defined in the
present application, without being torn off when a user,
such as a surgeon for example, exerts a moderate ten-
sion on said thread-shaped element, such as the neces-
sary tension for orientating and/or positioning the pros-
thesis in the implantation site, as described hereinafter.
Thus the anchor piece may be under the form of a textile,

either knitted, woven or nonwoven, open worked or not;
alternatively or in addition, the anchor piece may be under
the form of a film or a sheet of material, as long as this
textile, film and/or sheet of material is not torn off under
the effect of the moderate tension as described above
exerted on a thread-shaped element linked to, or passing
through, said textile, film and/or sheet.
[0016] The anchor pieces may be made of bioresorb-
able material or not. The bioresorbable material may be
chosen, for example, from polylactic acid (PLA), polyc-
aprolactone (PCL), polydioxanone (PDO), trimethylene
carbonate (TMC), polyvinyl alcohol (PVA), polyhydroxy-
alkanoate (PHA), oxidized cellulose, polyglycol acid
(PGA), copolymers of these materials and mixtures
thereof.
[0017] As will be apparent from the following descrip-
tion, the anchor pieces are useful to the surgeon for fa-
cilitating the positioning of the prosthesis in the centre of
the defect to be treated, and for attaching the prosthesis
to the biological tissues. The anchor pieces also form the
parts of the prosthesis by which said prosthesis is sutured
to the abdominal wall.
[0018] The anchor pieces of the prosthesis of the in-
vention are located on one single face of the mesh : as
will be apparent from the following description, the anchor
pieces are located on the face of the mesh intended to
face the abdominal wall once the prosthesis is implanted:
indeed, said anchor pieces are intended to be reached
by the surgeon through the incision made for the implan-
tation, in particular by means of thread-shaped elements,
in view of assisting the surgeon to orientate and position
the prosthesis as well as to raise the edges of the hernia
defect for visualising the area to be stitched, when the
prosthesis is put in place. The prosthesis of the invention
thus comprises at least two anchor pieces located on
either side of the folding line, preferably at two places
which are symmetrical to each other with respect to this
folding line : such a location of the anchor pieces enables
the surgeon to expand the prosthesis optimally when it
is put in place. According to the invention, the number of
anchor pieces is not limited and the prosthesis may com-
prise 3 or 4 anchor pieces, even more. Each anchor piece
shows a fixed part linked to the mesh of the prosthesis,
and a free part, not attached to the mesh, and forming a
type of shutter, flap or flying part. The fixed part of the
anchor piece may be linked to the mesh by gluing, weld-
ing, sewing or by any biocompatible fixing means. In one
embodiment, the anchor pieces are linked to the mesh
via their fixed part by means of the reinforcing member.
[0019] The anchor pieces may show any geometrical
shape. They may be identical or different.
[0020] In one embodiment, each anchor piece having
a geometrical shape with at least one side having a length
equal or greater than that of the other sides, each anchor
piece is linked to the mesh by its longest side, along a
direction perpendicular to the segment linking the centre
of the mesh and the point of fixation of said piece in the
plane of the mesh. In such an embodiment, each anchor
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piece being linked to the mesh by its longest side, the
free part, or shutter or flap of each piece occupies only
little space in the surroundings of the mesh : this enables
maintaining a clear and non obstructed space around the
hernia defect when the prosthesis is put in place and
therefore allows the surgeon having a good visibility of
the implantation site and not being impeded by the pres-
ence of useless extra elements. Such an embodiment
also enables a more secure fixation of the anchor pieces
to the mesh. Moreover, the positioning of the anchor piec-
es, i.e. along a direction perpendicular to the segment
linking the centre of the mesh and the point of fixation of
said piece in the plane of the mesh, allows the surgeon
to position the prosthesis optimally by pulling on the
thread-shaped elements linked to the anchor pieces in a
centrifugal direction with respect to the hernia defect, as
will be apparent in the following description.
[0021] In one embodiment, the suturable material is a
textile and the anchor pieces are textile pieces. This tex-
tile may be identical to that of the mesh, or different. For
example, the anchor pieces may be sewn to the mesh.
[0022] In the context of the present application, by
"thread-shaped element", is meant a flexible and elon-
gated element, the length of which is much more greater
than its thickness and its width, the contour of the cross
section of which is globally circular: examples of thread-
shaped elements of the invention may be a thread on its
own, composite or not, or several threads, for example
arranged together to make a braid, a tube, and combi-
nations thereof. In embodiments, the thread-shaped el-
ements are selected from threads, flexible tubes and
combinations thereof.
[0023] In the prosthesis of the invention, the free part
of each anchor piece is linked to at least one thread-
shaped element. As will be apparent from the detailed
description below, the thread-shaped element is intend-
ed to allow the surgeon to pull on the anchor piece linked
thereto in order to expand, orientate and position the
prosthesis when said prosthesis is put in place : prefer-
ably, the surgeon will pull simultaneously on the thread-
shaped elements of the at least two anchor pieces which
are present in order to counterbalance the prosthesis with
respect to the defect to be treated. In addition, due to its
structure, the thread-shaped element does not unneces-
sarily encumber the working area for the surgeon, said
area being already naturally particularly limited regarding
small size hernias.
[0024] In embodiments, the thread-shaped elements
are flexible tubes : because of their hollow structure, ne-
cessitating a certain outer diameter, for example equal
or greater than 3 mm, the tubes show a quite important
outer surface capable of being in contact with the margins
of the defect, this allowing decreasing dramatically the
potential traumatic effect due to the contact of the tubes
with the margins of the defect. The flexibility of the tubes
allows their easy handling with no risk of damaging the
tissues. Preferably, the tubes are flexible and semi-rigid.
As will appear from the following description, such a semi-

rigidity of the tubes allows maintaining the anchor pieces
to which they are linked under slight tension, without hav-
ing to apply any particular tension on these tubes. The
flexible tubes may be in plastic material, silicone, or a
combination of these materials.
[0025] In one embodiment of the invention, the mesh
of the prosthesis of the invention is a knitted fabric: be-
cause of the stitches that form it, a knitted fabric makes
it possible to obtain openwork faces encouraging cellular
recolonization after implantation. The knitted fabric may
be a two-dimensional knitted fabric or a three-dimension-
al knitted fabric.
[0026] In the context of the present application, the ex-
pression "two-dimensional knitted fabric" means a knitted
fabric having two opposite faces linked together by stitch-
es but having no spacers imparting a certain thickness
to it: such a knitted fabric may be obtained, for example,
by knitting threads on a warp or Raschel knitting machine
using two guide bars. Examples of two-dimensional knit-
ted fabrics suitable for the present invention are given in
the document WO2009/071998.
[0027] In the present application, the expression
"three-dimensional knitted fabric" means a knitted fabric
having two opposite faces linked together by spacers im-
parting a significant thickness to the knitted fabric, said
spacers consisting of connecting threads additional to
the threads forming the two faces of the knitted fabric.
Such a knitted fabric may be obtained, for example, using
a double-bed Raschel knitting machine or warp knitting
machine with a plurality of guide bars. Examples of knit-
ting three-dimensional knitted fabrics suitable for the
present invention are given in the documents
WO99/05990, WO2009/031035, WO2009/071998.
[0028] In one embodiment, said frame is set back from
the exterior peripheral edge of the mesh and is of ser-
pentine shape, forming undulations. For example, said
frame is in the form of a flat ribbon forming undulations
substantially in the plane of said mesh. As will become
apparent from the description given hereinafter, this con-
figuration of the frame makes it possible, when fixing the
prosthesis to the biological tissue, to execute a suture in
the prosthesis at a given location without deforming the
prosthesis as a whole during this operation; deformation
of the prosthesis caused by the suture at the given loca-
tion is smoothed out by the undulating frame. Thus the
frame and therefore the rest of the prosthesis remain
correctly positioned, and in particular remain pressed
against the abdominal wall, during the fixing of the pros-
thesis.
[0029] In one embodiment, said reinforcing member is
produced in bioresorbable material. Thus the reinforcing
member fulfils its role of stiffening the prosthesis during
positioning and implantation of the prosthesis and is then
degraded progressively once the mesh is recolonized by
the surrounding cells.
[0030] The bioresorbable material may be chosen, for
example, from polylactic acid (PLA), polycaprolactone
(PCL), polydioxanone (PDO), trimethylene carbonate
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(TMC), polyvinyl alcohol (PVA), polyhydroxyalkanoate
(PHA), oxidized cellulose, polyglycol acid (PGA), copol-
ymers of these materials and mixtures thereof.
[0031] Alternatively, the reinforcing member is pro-
duced in a non-bioresorbable material chosen from poly-
propylene, a polyester such as polyethylene terephtha-
late, polyamide, silicone, polyetheretherketone (PEEK),
polyaryletheretherketone (PAEK) and mixtures thereof.
[0032] In another embodiment, said reinforcing mem-
ber is produced from a combination of bioresorbable ma-
terial and non-bioresorbable material.
[0033] In one embodiment of the invention said mesh
has the shape of a disc, said frame being substantially
in the form of a circular ring. In such an embodiment, said
anchor pieces may be fixed to two diametrically opposed
places of an inner perimeter of said ring, said two places
being spaced by 90° from each of said two hinge points.
Such an embodiment enables an optimal deployment of
the prosthesis by pulling in opposite directions on the
respective thread-shaped elements of the two anchor
pieces after the folded prosthesis has been introduced
in the implantation site.
[0034] Alternatively, the prosthesis comprises four
said anchor pieces distributed substantially regularly
along an inner perimeter of said ring so that two anchor
pieces are located on one side of the folding line and the
other two anchor pieces are located on the other side of
said folding line. In such an embodiment, for example, a
single thread-shaped element links together the free
parts of two anchor pieces located on the same side of
the folding line. The total number of thread-shaped ele-
ments thus remains low and the surgeon is not impeded
by the presence of extra thread-shaped elements. More-
over, the deployment and orientation step of the prosthe-
sis is rendered easier: indeed, each thread-shaped ele-
ment, because it links together the free parts of two an-
chor pieces located on the same side of the folding line,
forms a sort of loop that the surgeon may very easily
grasp and handle, in particular in view of exerting a ten-
sion on this loop: in addition, such a tension enables pull-
ing on two anchor pieces simultaneously, at two different
places of the mesh, thereby allowing optimised deploy-
ment and spreading out of the mesh and of the prosthe-
sis.
[0035] Alternatively, a single thread-shaped element
may link together the free parts of two adjacent anchor
pieces located on each side of the folding line.
[0036] In embodiments, the anchor pieces have a col-
our different than that of the mesh. Alternatively or in
addition, the thread-shaped elements have a colour dif-
ferent than that of the mesh and than that of the anchor
pieces. Thanks to the present invention, the surgeon
works in a relative non obstructed implantation site where
he can see the area of the prosthesis to be attached to
the abdominal wall, this area being located more or less
in the middle between the centre of the mesh and the
edge of the mesh: such embodiments of the prosthesis
of the invention allow the surgeon to easily and rapidly

make the necessary stitches by enabling him, thanks to
the different colours, to quickly identify whether he han-
dles the mesh, the anchor pieces or the thread-shaped
elements.
[0037] In one embodiment of the invention, the face of
the mesh opposite that including said anchor pieces is
covered with a non-adherent coating.
[0038] Such a coating makes it possible in particular
to avoid the formation of unwanted severe post-operative
fibrous adhesions.
[0039] In the context of the present application the ex-
pression "non-adherent" refers to a non-porous, smooth,
biocompatible coating or material offering no space for
cellular recolonization and preferably encouraging the
birth of a peritoneum.
[0040] In embodiments, where the prosthesis compris-
es four said anchor pieces distributed substantially reg-
ularly along an inner perimeter of said ring so that two
anchor pieces are located on one side of the folding line
and the other two anchor pieces are located on the other
side of said folding line, all four anchor pieces are under
the form of isosceles triangles of textile, each triangle
being fixed to said mesh via its base, all four triangles
showing identical elongation and tensile strength prop-
erties in the centripetal direction.
[0041] For example, each isosceles triangle is fixed to
the mesh via its base by means of the ring, the thread-
shaped element being attached to the vertex angle of the
isosceles triangle. Because of the four isosceles triangles
of textile having the same mechanical properties in the
centripetal direction, when the surgeon pulls on the
thread-shaped elements at the time he puts the prosthe-
sis in place and fixes it to the abdominal wall, all anchor
pieces react similarly and the traction exerted by the sur-
geon on the whole prosthesis via the thread-shaped el-
ements is regularly distributed. The prosthesis is there-
fore properly positioned. In addition, in embodiments
where the four isosceles triangles of textile have a colour
different from that of the mesh, the surgeon readily iden-
tifies the stitching line as defined above and the step of
fixing the prosthesis to the abdominal wall is facilitated.
As will appear from the description below, the method of
manufacturing a prosthesis with four anchor pieces under
the form of four isosceles triangle of textile having iden-
tical mechanical properties is simple and easy.
[0042] The present invention will emerge more clearly
from the description given hereinafter and from the ap-
pended drawings, in which:

Figure 1 is a representation in section of a median
abdominal hernia or ventral rupture,
Figure 2 is a simplified view of the hernia from Figure
1 after the surgeon has made an abdominal incision
and removed the hernia sac,
Figure 3 is a top view of one embodiment of a mesh
for a prosthesis of the invention,
Figure 4 is a top view of a reinforcing member for
the prosthesis of the invention,
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Figures 5A to 5D are views of anchor pieces of the
prosthesis of the invention,
Figure 6 is a top view of a first embodiment of the
prosthesis of the invention,
Figure 7 is a top view of another embodiment of the
prosthesis of the invention,
Figure 8 is a top view of another embodiment of the
prosthesis of the invention,
Figure 9 is a top view of another embodiment of the
prosthesis of the invention,
Figure 10 is a simplified sectional view of the intro-
duction of the prosthesis from Figure 8 into the hernia
defect,
Figure 11 is a simplified sectional view of the posi-
tioning of the prosthesis from Figure 8 after deploy-
ment thereof at the implantation site,
Figure 12 is a simplified sectional view of the fixing
of the prosthesis from Figure 8 to the abdominal wall,
Figure 13 is a view in section of the prosthesis from
Figure 8 when fixed to the biological tissues just be-
fore closure of the abdominal incision by the sur-
geon,
Figure 14-17 are top views showing the successive
steps of the manufacturing process of a prosthesis
of the invention comprising four anchor pieces of tex-
tile of identical mechanical properties.

[0043] Figure 1 represents a hernia defect 100 of the
abdominal wall 101 that is characterized by a break in
the continuity of the aponeurosis 102 surrounding the
straight muscles 103 and a passage through the perito-
neum 104 forming a sac, the hernia sac 105, that contains
either fat (epiploon) or part of the viscera 106, and which
then presses on the fatty tissues 107 and is flush with
the skin 108. One treatment of a hernia defect 100 entails
replacing and retaining the viscera 106 in the abdominal
cavity 109.
[0044] Figure 2 shows the hernia defect 100 from Fig-
ure 1 after the surgeon has made an incision in the skin
108, the abdominal wall 101 and the peritoneum 104 and
has reduced the hernia sac. The viscera are not shown
in Figure 2: they have been pushed back into the abdom-
inal cavity 109. The surgeon must now introduce into the
abdominal cavity 109, via the incision 110 that has been
made, a prosthesis for reinforcing the abdominal wall,
before closing the incision 110 by means of sutures, for
example. In the case of an umbilical hernia, the size of
the incision 110 is particularly small, for example of the
order of 1 to 4 cm diameter.
[0045] Figure 3 represents a mesh 1 in the form of a
disc usable with the reinforcing member from Figure 4
and anchor pieces such as that from Figures 5A to 5D
to produce a prosthesis of the invention.
[0046] The mesh 1 is made from a knitted, woven or
non-woven arrangement of biocompatible threads. It
may be bioresorbable, partly bioresorbable or perma-
nent. The mesh is generally openwork, incorporating
pores for better tissue integration. This mesh 1 is suffi-

ciently flexible to be folded when the prosthesis is intro-
duced into the abdominal cavity 109 via the incision 110.
However, the mesh is generally a textile having no elas-
ticity enabling it to return to a spread out configuration of
its own accord after it has been folded up. The mesh 1
may be produced from a textile layer or a plurality of textile
layers. The textile may be a two-dimensional or three-
dimensional knitted fabric. Such meshes are well known
to the person skilled in the art and are not described in
more detail here. The mesh may be supplied in the form
of a strip that is cut to the dimensions of the defect to be
treated. In the example represented, the mesh 1 has the
shape of a disc adapted to the shape of the incision 110
at the hernia defect 100 and delimited by an exterior pe-
ripheral edge 1 a. In other embodiments, the mesh may
be of oval shape. Alternatively, the mesh may be of rec-
tangular or square shape.
[0047] Figure 4 represents a reinforcing member of a
prosthesis of the invention, suitable for the shape of the
mesh 1 from Figure 3: as is apparent from Figure 4 and
Figure 6, the reinforcing member takes the form of a
frame 2 substantially adopting the shape of the exterior
peripheral edge 1 a of the mesh 1. Thus the overall shape
of the frame 2 is a circular ring. The frame 2 is provided
with two hinge points 3a and 3b that are diametrically
opposite in the example shown. The two hinge points
(3a, 3b) make it possible to fold the frame 2, for example
when force is applied by the surgeon, resulting in two
globally identical parts. The hinge points (3a, 3b) prefer-
ably do not have any elasticity of their own: thus, once
folded in two, the frame 2 can be unfolded only by the
action of an external force, for example exerted by the
surgeon.
[0048] The frame 2 thus consists of two parts, namely
two semicircles 2a and 2b, connected together by two
hinge points (3a, 3b). As seen in Figure 4, the respective
ends (2c; 2d) of the semicircles 2a and 2b are blunted or
rounded to prevent trauma when implanting the prosthe-
sis. In the example shown, the two semicircles 2a and
2b are symmetrical: the two hinge points (3a; 3b) define
a median line M passing through the centre of the circle
delimited by the frame and also through the centre of the
mesh 1 when the frame 2 is fixed to the mesh 1, as shown
in Figure 6. Thus the mesh 1 may be folded in two even
when fitted with the frame 2: consequently, as will be-
come apparent in the remainder of the description, the
prosthesis may be folded. Similarly, given the configura-
tion of the frame 2 in two parts and the absence of any
elasticity of the frame 2 and its hinge points (3a, 3b), the
prosthesis is able to adopt only two configurations: either
a flat and spread out configuration or a folded in two con-
figuration. As explained later, the fact that the prosthesis
can adopt only two configurations facilitates the task of
the surgeon, who can immediately determine if the pros-
thesis is in its spread out configuration or not.
[0049] As seen in Figures 4 and 6, the frame 2 is an
undulating ring set back from the exterior peripheral edge
1 a, consisting of undulations 4. Referring to Figure 6 in
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particular, the exterior peripheral edge 1 a of the mesh
extends some distance beyond the exterior contour of
the frame 2: this distance may be greater than or equal
to 1 mm, for example. As will become apparent from the
description given hereinafter, the location of the frame 2,
slightly set back from the exterior peripheral edge 1 a,
facilitates efficacious fixing of the prosthesis to the ab-
dominal wall, in particular in an area located more or less
half way between the centre and the edge of the mesh,
this area being adjacent to the interior contour of the
frame 2.
[0050] The undulations 4 of the frame 2 may be regular
or not. In particular, in the example shown, the frame 2
is in the form of a flat ribbon of material forming undula-
tions 4 in the plane of the frame 2, which is substantially
the plane of the prosthesis. As will become apparent in
the remainder of the description, such a shape imparts
to the frame 2 great flexibility in the plane of the frame 2
and thus in the plane of the prosthesis: it is thus possible
to suture part of the prosthesis at a given place, without
rocking or deforming the prosthesis as a whole: the de-
formation created at the location of the suture is
smoothed out by the undulations 4 of the frame 2 over
the whole of the periphery of the prosthesis. In addition,
the frame 2 shows a rigidity along its section, so that it
neither deforms radially in the outward nor in the inward
directions.
[0051] Materials suitable for producing the reinforcing
member of the prosthesis of the invention may be any
biocompatible materials having some rigidity so as to re-
spond to the expectations disclosed above.
[0052] The frame 2 can thus be produced in any bio-
compatible material, bioresorbable or not. In a preferred
embodiment, it is made in bioresorbable material. In the
present application, the term "bioresorbable" refers to the
characteristic whereby a material is absorbed by biolog-
ical tissues and disappears in vivo after a given period,
which may vary from one day to several months, for ex-
ample, depending on the chemical nature of the material.
[0053] Bioresorbable materials suitable for the fabrica-
tion of the reinforcing member of the prosthesis of the
present invention include polylactic acid (PLA), polyc-
aprolactone (PCL), polydioxanone (PDO), trimethylene
carbonate (TMC), polyvinyl alcohol (PVA), polyhydroxy-
alkanoate (PHA), oxidized cellulose, polyglycolic acid
(PGA), copolymers of these materials and mixtures
thereof. Bioresorbable materials suitable for the fabrica-
tion of the reinforcing member of the prosthesis of the
invention include polyester (glycolid, dioxanone, trimeth-
ylene carbonate) available from the company Covidien
under the trade name "BIOSYN®" and polyester (glycol-
id, caprolactone, trimethylene carbonate, lactid) availa-
ble commercially from the company Covidien under the
trade name "CAPROSYN®".
[0054] Non-bioresorbable materials suitable for the
fabrication of the reinforcing member of the prosthesis
of the present invention include polypropylene, polyes-
ters such as polyethylene terephthalate, polyamide, sil-

icone, polyetheretherketone (PEEK), polyaryletherether-
ketone (PAEK) and mixtures thereof.
[0055] Each part of the reinforcing member of the pros-
thesis of the invention may be made in one piece, for
example, by injection moulding one or more biocompat-
ible thermoplastic or thermosetting materials. The hinge
points (3a, 3b) of the frame 2 may be produced in the
same material as the rest of the frame: these hinge points
(3a, 3b) take the form for example of very thin bridges of
material in order to enable folding of the frame 2 without
causing separation of the two parts joined together by
these bridges.
[0056] With reference to Figures 5A to 5D are shown,
on their own, examples of anchor pieces 5 suitable for
the prosthesis of the invention, each provided with a
thread-shaped element (6, 7). The anchor pieces may
show any geometrical shape, for example triangular,
squared, semicircular. They may be identical or different
for a single prosthesis.
[0057] In embodiments, such as those shown on Fig-
ures 5A to 5B, the anchor pieces 5 show a geometrical
shape where at least one side has a length greater than
or equal to that of the other sides. Thus, with reference
to Figure 5A, the anchor piece 5 has the shape of a tri-
angle. In this example, the triangle is isosceles and the
basis B of the triangle is the side having the greatest
length. As will appear hereinafter, the longest side of the
anchor piece 5 will form the fixed part 5a of the anchor
piece 5 while the area located around the summit C op-
posed to that basis B will form the free part 5b of the
anchor piece 5. In the same way, with reference to Figure
5B, the anchor piece 5 having globally the shape of a
semi-disc, the diameter D forms the side of greater length
of the anchor piece and will therefore form the fixed part
5a of the anchor piece, while the rounded part forms the
free part 5b of the anchor piece 5. With reference to Fig-
ure 5C, the anchor piece has globally the shape of an
isosceles triangle the basis of which is an arc of circle
this basis will form the fixed part 5a of the anchor piece,
while the area located around the summit opposed to
that arc of circle will form the free part 5b of the anchor
piece 5.
[0058] On Figure 5D is shown an anchor piece 5 of
trapezoid shape, the parallel sides of which show an arc
of circle shape : the longest arc of circle forms the fixed
part 5a of the anchor piece, while the area located around
the shortest arc of circle forms the free part 5b of the
anchor piece.
[0059] On Figures 5A to 5B, the free part 5b of each
anchor piece is linked to a thread-shaped element. In the
context of the present application, by "thread-shaped el-
ement", is meant a flexible and elongated element, the
length of which is much more greater than its thickness
and its width, the contour of the cross section of which
is globally circular : examples of thread-shaped elements
of the invention may be a thread on its own, composite
or not, or several threads, for example arranged together
to make a braid, a tube, and combinations thereof. In
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embodiments, the thread-shaped elements are selected
from threads, tubes and combinations thereof.
[0060] As will be apparent from the following detailed
description, the thread-shaped element is intended to al-
low the surgeon to pull on the anchor piece linked thereto
in order to expand, orientate and position the prosthesis
when said prosthesis is put in place : preferably, the sur-
geon will pull simultaneously on the thread-shaped ele-
ments of the at least two anchor pieces which are present
in order to centre and counterbalance the prosthesis with
respect to the defect to be treated.
[0061] With reference to Figure 5A, the free part 5b of
the anchor piece is linked to a thread 6 passing through
said free part 5b. On the example shown, the thread 6
forms a loop. Alternatively, the thread 6 may be attached
by one of its ends to the free part 5b of the anchor piece
5. With reference to Figure 5B, the free part 5b of the
anchor piece is also linked to a thread 6 passing through
said free part 5b, said thread 6 forming a loop at the
location of said free part 5b, the two strands of the loop
being further brought together within a tube 7.
[0062] With reference to Figure 5C, the free part 5b of
the anchor piece 5 is linked to a tube 7 : on the example
shown, the two ends 7a and 7b of tube 7 are attached to
the free part 5b and the tube 7 forms a loop. With refer-
ence to Figure 5D, the free part 5b of the anchor piece
5 is linked to one end 7a of a tube 7.
[0063] The tube 7 is flexible and, because of its hollow
structure, necessitating a certain outer diameter, for ex-
ample equal to or greater than 3 mm, it shows a quite
important outer surface capable of being in contact with
the margins of the defect, this allowing decreasing dra-
matically the potential traumatic effect due to the contact
of the tube7 with the margins of the defect. The flexible
tube 7 may be in plastic material, silicone, or in a com-
bination of these materials.
[0064] The anchor pieces 5 of the prosthesis of the
invention are made of a suturable material : in the context
of the present application, it is hereby meant that the
anchor piece 5 is capable of being linked to, or passed
through by, a thread-shaped element, such as a thread
6 or a tube 7, without being torn off when a user, such
as a surgeon for example, exerts a moderate tension on
said thread-shaped element, such as the necessary ten-
sion for orientating and/or positioning the prosthesis in
the implantation site, as described hereinafter. The an-
chor pieces 5 may be made of any biocompatible sutura-
ble material giving them the necessary flexibility for being
grasped by the surgeon when the prosthesis is put in
place, as will be described hereinafter.
[0065] The anchor piece 5 may be under the form of a
textile, either knitted, woven or nonwoven, open worked
or not; alternatively or in addition, the anchor piece may
be under the form of a film or a sheet of material, as long
as this textile, film and/or sheet of material is not torn off
under the effect of the moderate tension as described
above exerted on a thread-shaped element linked to, or
passing through, said textile, film and/or sheet.

[0066] As will be apparent from the following descrip-
tion, the anchor pieces are useful to the surgeon for fa-
cilitating the positioning of the prosthesis in the centre of
the defect to be treated, and for attaching the prosthesis
to the biological tissues. The anchor pieces also form the
parts of the prosthesis by which said prosthesis is sutured
to the abdominal wall.
[0067] With reference to Figure 6 is shown a prosthesis
200 according to the invention, comprising the mesh 1of
Figure 3, the reinforcing member 2 of Figure 4 and two
anchor pieces 5 similar to the anchor piece of Figure 5C,
each anchor piece 5 being on that figure 6 linked to a
thread-shaped element under the form of a thread 6.
[0068] As is apparent from this Figure 6, the anchor
pieces 5 are each attached to the mesh 1 by their longer
side forming the fixed part 5a of the anchor piece : the
fixing of each anchor piece 5 by its longer side allows a
more reliable fixation. Moreover, the fixed part 5a of each
anchor piece 5 is attached along the direction of the line
P which is perpendicular to the segment S linking the
centre of the mesh and the point of fixation of each piece
in the plane of the mesh. The fixed part 5a or longer side
of each anchor piece is fixed to the mesh for example by
sewing. Alternatively, it may be fixed to the mesh 1 by
gluing, welding or by means of the reinforcing member 2.
[0069] The anchor pieces 5 being fixed to the mesh by
their longest side, they do not impede the surgeon at the
time of the prosthesis is implanted. On Figure 6, the two
anchor pieces 5 are fixed to two diametrically opposed
places of an inner perimeter of the ring 2, said two places
being spaced by 90° from each of said two hinge points
(3a, 3b).
[0070] With reference to Figures 7 to 9 are shown pros-
thesis 200 of the invention made with the mesh 1 from
Figure 3, the frame 2 from Figure 4 and four anchor pieces
5 from Figure 5A, linked to various thread-shaped ele-
ments.
[0071] In these embodiments, the four anchor pieces
5 are arranged regularly along an inner perimeter of the
ring formed by the frame 2 so that two anchor pieces 5
are located on one side of the folding line M and the two
other anchor pieces are located on the other side of the
folding line M : the four anchor pieces therefore counter-
balance one another. Each anchor piece 5 is fixed to the
mesh 1 by its fixed part 5a, the free parts 5b being left
flying and forming flaps. For example, each fixed part 5a
is attached to the mesh 1 by a seaming 8. Moreover, a
single thread-shaped element (6, 7) links together the
free parts 5b of two anchor pieces 5 located on the same
side of the folding line M.
[0072] With reference to Figure 7, the thread-shaped
element is under the form of a combination of a thread 6
and a tube 7 : the thread 6 forms a loop at the place of
the free part 5b of the anchor piece it is linked to, the two
strands of the loop being brought together within a tube
7 at the place of grasping of the thread-shaped element
by the surgeon. Such an embodiment allows an easier
and more comfortable grasping of the thread-shaped el-
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ement by the surgeon.
[0073] With reference to Figure 8, the thread-shaped
element is under the form of a tube 7 : the first end 7a of
the tube 7 is attached to the free part of a first anchor
piece 5 while the second end 7b of the same tube 7 is
attached to the free part 5b of the adjacent anchor piece
located on the same side of the folding line M as the first
anchor piece 5. Such an embodiment, in which the
thread-shaped element is a tube 7, allows an easier and
more comfortable grasping of the thread-shaped ele-
ment, while limiting the risk of trauma when the thread-
shaped element contacts the margins of the defect to be
treated at the time of positioning the prosthesis 200. The
tube 7 may itself contain one or several threads.
[0074] With reference to Figure 9, the thread-shaped
element is under the form of a thread 6 forming a loop at
the place of the free part 5b of a first anchor piece 5 and
at the place of the free part 5b of a adjacent anchor piece
located on the same side of the folding line M as the first
anchor piece 5.
[0075] The presence of the four anchor pieces 5, reg-
ularly distributed as described above in Figures 7 to 10,
and of the thread-shaped elements linking anchor pieces
5 by pairs enables the surgeon to optimally spread out
the prosthesis 200 on the implantation site and to balance
the tension between the various anchor pieces 5 at the
time of positioning the prosthesis 200 and to centre the
latter prosthesis better relative to the defect to be closed.
[0076] In one embodiment of the prosthesis 200 not
shown, the reinforcing member, namely the frame 2, is
welded directly to the mesh 1 and to the fixed parts 5a
of anchor pieces 5. Thus the frame 2 is fastened both to
the mesh 1 and to the anchor pieces 5.
[0077] In the Figure 8 embodiment, the face of the
mesh 1 opposite that including the anchor pieces 5 is
covered by a non-adherent coating 201. Such a non-
adherent coating makes it possible to avoid in particular
the formation of unwanted severe post-operative fibrous
adhesions; once the prosthesis 200 has been implanted,
the face of the prosthesis 200 covered by the non-adher-
ent coating 201 faces the abdominal cavity 109.
[0078] The non-adherent coating or material is chosen
from bioresorbable materials, non-bioresorbable materi-
als and mixtures thereof. The non-bioresorbable non-ad-
herent materials may be chosen from polytetrafluoroeth-
ylene, polyethylene glycol, polysiloxane, polyurethane,
and mixtures thereof.
[0079] Said non-adherent coating or material is pref-
erably bioresorbable: bioresorbable materials suitable
for said non-adherent coating may be chosen from col-
lagen, oxidized cellulose, polyacrylate, trimethylene car-
bonate, caprolactone, dioxanone, glycolic acid, lactic ac-
id, glycolide, lactide, polysaccaride, for example chi-
tosan, polyglucuronic acid, hyaluronic acid, dextran and
mixtures thereof.
[0080] The non-adherent coating makes it possible to
protect the mesh 1 of the prosthesis 200 at least during
the initial scar formation phase, i.e. the mesh 1 is not

exposed to inflammatory cells, such as granulocytes,
monocytes, macrophages or the giant multinucleated
cells generally activated by surgery. At least during the
initial scar formation phase, the duration of which may
vary from about 5 days to about 10 days, only the non-
adherent coating is accessible to the various factors such
as proteins, enzymes, cytokines or inflammatory cells.
[0081] If the non-adherent coating consists of non-re-
sorbable materials, it thus protects the mesh 1 before
and after implantation and throughout the duration of im-
plantation of the prosthesis 200.
[0082] Moreover, thanks to the non-adherent coating,
surrounding fragile tissues, such as the hollow viscera,
for example, are protected, in particular from unwanted
severe post-operative fibrous adhesion.
[0083] If the non-adherent material includes a biore-
sorbable material, it is preferable to choose a bioresorb-
able material that is not resorbed in less than a few days
in order for the non-adherent coating to be able to fulfil
its function of protecting the intestine and hollow organs
during the days following surgery until cellular rehabilita-
tion of the prosthesis takes over protecting these fragile
organs.
[0084] Because of its two-part reinforcing member,
namely the frame 2 consisting of the two semicircles 2a
and 2b in the example shown, connected together by
hinge points 3a, 3b, the prosthesis 200 of the invention
may adopt a folded configuration after the surgeon folds
it along the folding line M. Thus to implant the prosthesis
200 the surgeon folds it in two so that it occupies a smaller
volume, which facilitates introduction of the prosthesis
into the hernia defect 100 (see Figure 2) by the surgeon.
[0085] The mesh 1 and the non-adherent coating 201
are sufficiently flexible to follow successive deformations
of the prosthesis 200 as the latter is introduced to the
implantation site.
[0086] Figures 14-17 describe various steps of a meth-
od for manufacturing an embodiment of a prosthesis 210
of the invention made with the mesh 1 of Figure 3, the
frame 2 of Figure 4 and four anchor pieces 215. For clar-
ity’s sake, the thread-shaped elements are not shown on
Figures 14-17 : these thread-shaped elements may be
any one of Figures 6-9 and may be attached to said an-
chor pieces 215 as described above.
[0087] As will appear from the description below, the
four anchor pieces 215 of prosthesis 210 are arranged
symmetrically along the interior contour of the ring formed
by the frame 2, and they all have the same mechanical
properties.
[0088] The manufacturing process of such embodi-
ments will now be described with reference to Figures
14-17.
[0089] With reference to Figure 14, is shown a textile
20 for forming the anchor pieces 215 of the prosthesis
210 (see Figure 17). On the example shown, the textile
20 has the shape of a square, the length of one side of
the square being greater than the greater diameter of the
intended resulting prosthesis 210. This textile 20 may be
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identical to that forming the mesh 1 or different. The textile
20 is for example produced on a knitting machine and
has a warp direction Wa and a weft direction We, as
shown on this Figure 14. The textile 20 may have different
mechanical properties, such as elongation and tensile
strength, along its warp direction Wa and along its weft
direction We.
[0090] Preferably, the textile 20 has a colour different
from that of the mesh 1.
[0091] In order to proceed with the manufacturing of
the four anchor pieces 215, a cutting 21 having the shape
of a cross with two perpendicular branches (22, 23) is
completed on textile 20, with one branch 22 of the cross
parallel to the warp direction Wa and the other branch
23 of the cross parallel to the weft direction We, as shown
on Figure 15. The branches of the cross may be of iden-
tical lengths or not. On the example shown on Figure 15,
the length of the branch 22 parallel to the warp direction
Wa is smaller than the length of the branch 23 parallel
to the weft direction. In addition, on this example and as
will appear from Figure 16, the length of the branch 22
parallel to the warp direction Wa is smaller than the di-
ameter of the internal perimeter of the frame 2, whereas
the length of the branch 23 parallel to the weft direction
is greater than the diameter of the outer perimeter of the
frame 2.
[0092] In a further step, the textile 20 is laid upon a
piece of mesh 1, for example of similar square shape and
dimensions as the textile 20, and the frame 2 of Figure
4 is then welded to both the mesh 1 and the textile 20.
[0093] As shown on Figure 16, the frame 2 is welded
on mesh 1 and textile 20 so that the greater branch 23
of the cutting 21 is applied on the folding line M defined
by the frame 2 (see Figure 4) and extends beyond the
hinge points (3a, 3b) of the frame 2, whereas the smaller
branch 22 of the cutting 21 does not reach the frame 2.
Such an embodiment allows a better efficiency of the
frame 2, which may not be damaged by residual filaments
coming from the cutting of branch 22 when said frame 2
is welded on both the mesh 1 and the textile 20.
[0094] Once the frame 2 is welded, the disc-shape
prosthesis 210 may be manufactured by cutting the mesh
1 and textile 20 in excess beyond the outer peripheral
border of the frame 2, as shown on Figure 17. As appears
from this Figure, the frame 2 forms together with the
cross-shaped cutting 21 four isosceles triangles 24, more
or less fixed to the frame 2 by their respective base 24a
and free at their vertex angle 24b. These four isosceles
triangles 24 of textile 20 form the anchor pieces 215 of
the prosthesis 210.
[0095] As mentioned above, a thread-shaped element
(not shown) may then be attached to the free vertex angle
24b of each triangle 24 by any fixation means such as
those described above at Figures 6-9, in line with the
direction defined by the altitude 24c drawn from the vertex
angle 24b of each triangle 24.
[0096] Because of the specific cross-shaped cutting
21, with one branch parallel to the warp direction Wa and

the other branch parallel to the weft direction We, all four
isosceles triangles 24 of textile 20 are identical and they
all show the same mechanical properties, such as elon-
gation properties and tensile strength properties, each in
the direction of its altitude 24c corresponding to the cen-
tripetal direction of the disc-shape prosthesis 210, re-
gardless from the fact that the initial elongation and ten-
sile strength properties of the textile 20 in its warp direc-
tion Wa were identical or not to its initial elongation and
tensile strength properties in the weft direction We.
[0097] Indeed, because of the location of the cutting
21 with respect to the frame 2 during the welding step,
the altitude direction or centripetal direction for each tri-
angle 24 forms an angle of 45° with respect to both warp
and weft directions of the initial textile 20.
[0098] As a consequence, all four anchor pieces 215
show the same mechanical properties, in particular elon-
gation properties and tensile strength properties, in the
direction corresponding to the direction of the altitude
24c of each triangle 24, in other words in the direction
corresponding to the direction of the traction exerted by
the surgeon when he pulls on the thread-shaped element
(not shown) in order to put the prosthesis in place and to
fix it to the abdominal wall.
[0099] As a consequence, when the surgeon pulls on
the thread-shaped element at the time he puts the pros-
thesis 210 in place and fixes it to the abdominal wall, all
anchor pieces 215 react similarly and the traction exerted
by the surgeon on the whole prosthesis 210 via the four
anchor pieces is equally distributed. The prosthesis 210
is therefore properly positioned. In addition, because the
four isosceles triangles 24 of textile 20 have a colour
different from that of the mesh 1, the surgeon readily
identifies the stitching line as defined above. The step of
fixing the prosthesis 210 to the abdominal wall is there-
fore facilitated.
[0100] The method of manufacturing the prosthesis
210 described above is very simple and allows starting
from a single piece of textile 20 for manufacturing the
four anchor pieces 215.
[0101] Alternatively, the prosthesis 210 may be man-
ufactured by preparing initially four separate triangles 24
of textile 20 and welding each triangle 24 to the mesh 1
via the frame 2, or alternatively by preparing two pieces
of semi-discs of textile 20, completing a perpendicular
cutting on each semi-disc and welding the two cut semi-
discs to the mesh via the frame 2.
[0102] Like the prosthesis 200 of figures 1-13, the pros-
thesis 210 of Figure 17 may be coated on the face of the
mesh 1 opposite that including the anchor pieces 215
with a non-adherent coating 201.
[0103] The fitting of a prosthesis of the invention, for
example the prosthesis 200 from Figure 8, is described
next with reference to Figures 10 to 13. Although not
described, the fitting of the prosthesis 210 of Figure 17
may be completed in the same manner as that described
hereinafter for prosthesis 200 of Figure 8.
[0104] After making the incision 110 described with ref-
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erence to Figure 2, the surgeon grasps the prosthesis
200 from Figure 8, covered with a non-adherent coating
201 on the face of the mesh 1 opposite that including the
anchor pieces 5, and applies force to the prosthesis 200
with his fingers to fold it along the folding line M. Because
of the presence of the two hinge points 3a and 3b, this
operation is without difficulty and totally independent of
the elastic or non-elastic nature of the frame 2. In the
embodiment shown, the prosthesis 200 being a disc, it
is folded along one of its diameters, resulting in two iden-
tical parts. In this folded configuration, the prosthesis 200
occupies a small volume and the surgeon may easily
introduce it into the abdominal cavity 109, as shown in
Figure 10, while holding the thread-shaped elements, in
other words the tubes 7 in the example shown, outside
the body of the patient. Because of their structure, the
thread-shaped elements allow limiting the volume of the
various elements which need to be passed through the
hernia defect. For clarity, the fingers of the surgeon are
not represented in Figures 10 to 13.
[0105] Once the prosthesis 200 is in the abdominal
cavity 109, the surgeon releases the pressure on it. It is
the surgeon who manually deploys the prosthesis 200 in
a perfectly tensioned and spread out configuration. Thus,
the prosthesis 200 being able to adopt only two positions,
namely folded in two or spread out, the surgeon is certain
that the prosthesis is perfectly spread out from the mo-
ment of unfolding the prosthesis 200.
[0106] In the next step, as shown in Figure 11, the sur-
geon uses the thread-shaped elements, i.e. the tubes 7,
both to centre the prosthesis 200 relative to the incision
110 and to press the prosthesis 200 against the abdom-
inal wall (101, 104). To this end, the surgeon pulls the
tubes 7 toward the exterior of the body of the patient and
in opposite directions. The surface of the tubes 7 capable
of being in contact with the margins of the defect being
quite important, the risk of trauma is low. Moreover, the
distribution of the anchor pieces 5 as explained above
allows balancing and centring the prosthesis 200 on the
defect to be treated while pressing said prosthesis on the
abdominal wall. Thus the prosthesis 200 is spread per-
fectly and there is no risk of the viscera being disposed
between the anchor pieces 5 and the abdominal wall
(101, 104).
[0107] Once the prosthesis 200 is correctly positioned
relative to the hernia defect, the surgeon raises a part of
the edge of the hernia with the help of the tubes 7 and
thus uncovers a central area 12 in the vicinity of the pros-
thesis 200, delimited overall by the anchor pieces 5,
which area the surgeon may easily view and in which the
surgeon is able to work easily.
[0108] In an embodiment, the tubes 7 are flexible and
semi-rigid. Such a semi-rigidity of the tubes 7 allows
maintaining the anchor pieces 5 to which they are linked
under slight tension, without having to apply any partic-
ular tension on these tubes : as such, once the surgeon
has raised the edges of the hernia defect by pulling on
the flexible and semi-rigid tubes 7 in order to uncover a

working area, he can release the tension on the tubes
7 : the anchor pieces 5 remain under slight tension and
maintain the edges of the defect in a raised position.
[0109] In embodiments, the anchor pieces 5 are of a
colour different than that of the mesh 1 : indeed, because
the fixation area of the prosthesis 200 to the abdominal
wall (101, 104) is located more or less in the middle be-
tween the centre 1 b of the mesh 1 and the edge of the
mesh, the surgeon can differentiate the different colours
between the various elements forming the prosthesis 200
and thus easily identify the anchor pieces 5 he has to
suture : such a thing is not possible with the prosthesis
of the prior art intended to be fixed to the abdominal wall
at their periphery. In particular, the colour difference be-
tween the anchor pieces 5 and the mesh 1 defines a line,
said line pointing out to the surgeon where to complete
the stitches for fixing the prosthesis 200 to the abdominal
wall. This fixing line, or stitching line, globally corre-
sponds to the interior contour of the frame 2. Also, for
the same reasons, the thread-shaped elements, like the
tubes 7, may be of a colour different from that of the mesh
and from that of the anchor pieces 5.
[0110] In a following step, as shown in Figure 12, the
surgeon proceeds to fix the prosthesis 200 to the biolog-
ical tissues by using a needle 9 and a suture 10 to suture
the free part 5b of each anchor piece 5 to the abdominal
wall 101, 104 within the central working area 12. During
this step, the whole of the prosthesis 200 remains per-
fectly spread out and perfectly pressed onto the abdom-
inalwall 104, notably by virtue of the presence of the un-
dulations 4 of the frame 2, which smooth out deformations
caused by the surgeon in the area of the prosthesis 200
that is in the process of being sutured. The surgeon may
execute one or more stitches 11 (see Figure 13) for each
free part 5b of the four anchor pieces 5.
[0111] As may be seen in Figure 13, the structure of
the prosthesis 200 of the invention enables the surgeon
to place the stitches 11 in an area situated more or less
in the middle between the centre of the mesh 1 and the
exterior peripheral edge 1 a thereof; thus the surgeon
does not have to execute stitches at the exterior periph-
eral edge 1 a of the mesh 1, which can be viewed only
with difficulty because of the small size of the incision
110. The mesh 1 nevertheless remains perfectly pressed
against the abdominal wall 104 along this peripheral edge
1a because of the presence of the frame 2. Nevertheless,
because of the structure of the prosthesis 200 of the in-
vention, the stitches 11 are advantageously situated at
some distance from the defect, in particular in an area
more or less in the middle between the centre 1 b of the
mesh (which is the location of the hernia defect) and the
edge 1 a of the mesh, at a location where the biological
tissues are often healthier and less fragile than at the
margin of the defect. The stitches 11 may for example
be U-shaped, i.e. obtained with a thread provided with a
needle at each of its ends.
[0112] Once the surgeon has executed the necessary
stitches 11 over all the anchor pieces 5, he cuts each
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thread-shaped element, here each tube 7, at its junction
with the free part 5b of the anchor piece 5 in order to
retain at the implantation site only the anchor pieces 5,
as shown in Figure 13. This figure shows the stitches 11
that fix the free parts 5b of the anchor pieces 5 to the
abdominal wall 104. As may be seen in Figure 13, the
prosthesis 200 is thus perfectly deployed, spread out and
pressed against the abdominal wall (101, 104) with no
risk of trapping viscera between the prosthesis 200 and
the abdominal wall (101, 104).
[0113] The surgeon then has only to close the incision
110 in the conventional way for small size hernias, i.e.
by stitches.
[0114] The prosthesis of the invention is particularly
simple to install, the surgeon being easily able to uncover
a comfortable and non obstructed working area, despite
the restricted size of the implantation site. The fitting of
the prosthesis of the invention is also particularly reliable,
all risk of trapping the viscera being avoided. A prosthesis
of the invention is particularly suitable for treating umbil-
ical hernias where the abdominal incision made is of
small size. The prosthesis of the invention is adapted to
adopt a configuration in which it occupies a particularly
small volume facilitating its introduction into the abdom-
inal cavity via a small incision without necessitating the
use of any dedicated ancillary device. Thanks to its par-
ticular structure, the prosthesis of the invention may be
spread out and pressed onto the abdominal wall effica-
ciously, also without necessitating the use of a dedicated
tool to assist spreading it and it may be attached securely
to the abdominal wall at an area located more or less in
the middle between the centre of the prosthesis and its
periphery: the surgeon is therefore prevented from hav-
ing to make stitches at far distance places, such as the
periphery of the prosthesis, that he cannot see. The pros-
thesis of the invention thus makes it possible to treat a
hernia, in particular an umbilical hernia, efficaciously,
simply and rapidly, minimizing the risk of relapse.

Claims

1. Prosthesis (200; 210) comprising:

- at least one flexible mesh (1) delimited by a
peripheral exterior edge (1 a),
- at least one member for reinforcing said mesh,
said reinforcing member taking the form of a
frame (2) fastened to said mesh characterized
in that the frame substantially adopts the shape
of said peripheral exterior edge of the mesh, said
frame being set back from said peripheral exte-
rior edge and being provided with two hinge
points (3a, 3b), the line passing through said two
hinge points also passing through the centre (1
b) of the mesh and thus forming a line M for
folding the mesh in two
said prosthesis further comprises at least two

anchor pieces (5; 215) made of suturable mate-
rial and located on a single face of the mesh (1)
on either side of said folding line, each piece
having a fixed part (5a; 24a) linked to said mesh
and a free part (5b; 24b), said free part being
linked to at least one thread-shaped element (6,
7).

2. Prosthesis (200; 210) according to claim 1, charac-
terized in that, each anchor piece (5; 215) having
a geometrical shape with at least one side having a
length equal or greater than that of the other sides,
each anchor piece is linked to the mesh by its longest
side, along a direction perpendicular to the segment
linking the centre of the mesh and the point of fixation
of said piece in the plane of the mesh.

3. Prosthesis (200) according to claim 1 or 2, charac-
terized in that the suturable material is a textile.

4. Prosthesis (200) according to any one of claims 1 to
3, characterized in that the thread-shaped ele-
ments are selected from threads (6), flexible tubes
(7) and combinations thereof.

5. Prosthesis (200) according to claim 4, character-
ized in that the thread-shaped elements are flexible
tubes (7).

6. Prosthesis (200) according to claim 5, character-
ized in that the tubes (7) are flexible and semi-rigid.

7. Prosthesis (200; 210) according to any one of claims
1 to 6, characterized in that the frame (2) set back
from the peripheral external edge is of serpentine
shape forming undulations (4).

8. Prosthesis (200; 210) according to Claim 7, charac-
terized in that said frame (2) takes the form of a flat
ribbon forming undulations (4)
substantially in the plane of said mesh.

9. Prosthesis (200; 210) according to any of Claims 1
to 8, characterized in that said reinforcing member
is produced in bioresorbable material.

10. Prosthesis (200; 210) according to any of the pre-
ceding claims, characterized in that said mesh (1)
is disc-shaped, said frame being substantially in the
form of a circular ring (2).

11. Prosthesis (200) according to claim 10, character-
ized in that said two anchor pieces (5) are fixed to
two diametrically opposed places of an inner perim-
eter of said ring, said two places being spaced by
90° from each of said two hinge points (3a, 3b).

12. Prosthesis (200; 210) according to claim 10, char-
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acterized in that the prosthesis comprises four said
anchor pieces (5) distributed substantially regularly
along an inner perimeter of said ring (2) so that two
anchor pieces are located on one side of the folding
line and the other two anchor pieces are located on
the other side of said folding line.

13. Prosthesis (200) according to claim 12, character-
ized in that a single thread-shaped element (6, 7)
links together the free parts of two anchor pieces
located on the same side of the folding line.

14. Prosthesis (200; 210) according to any of the pre-
ceding claims, characterized in that the anchor
pieces (215) have a colour different than that of the
mesh.

15. Prosthesis (200) according to any of the preceding
claims, characterized in that the thread-shaped el-
ements have a colour different than that of the mesh
and than that of the anchor pieces.

16. Prosthesis (200; 210) according to any of the pre-
ceding claims, characterized in that the face of the
mesh opposite that including said anchor pieces (5)
is covered by a non-adherent coating (201).

17. Prosthesis (210) according to claim 12, wherein all
four anchor pieces (215) are under the form of isos-
celes triangles (24) of textile, each triangle being
fixed to said mesh (1) via its base, all four triangles
showing identical elongation and tensile strength
properties in the centripetal direction.

Patentansprüche

1. Prothese (200; 210), die Folgendes umfasst:

- mindestens ein biegsames Netz (1), das von
einer umfänglichen Außenkante (1 a) abge-
grenzt ist,
- mindestens ein Element zum Verstärken des
Netzes, wobei das Verstärkungselement die
Form eines Rahmens (2) annimmt, der an dem
Netz befestigt ist, dadurch gekennzeichnet,
dass der Rahmen im Wesentlichen die Form
der umfänglichen Außenkante des Netzes an-
nimmt, wobei der Rahmen von der umfängli-
chen Außenkante zurück versetzt und mit zwei
Scharnierstellen (3a, 3b) versehen ist, wobei die
Linie, die durch die zwei Scharnierstellen durch-
geht, auch durch die Mitte (1b) des Netzes
durchgeht und daher eine Linie M zum Falten
des Netzes in zwei bildet, wobei die Prothese
ferner mindestens zwei Verankerungsteile (5;
215) umfasst, die aus nähbarem Material her-
gestellt sind und auf einer einzigen Seite des

Netzes (1) auf jeder Seite der Faltlinie liegen,
wobei jedes Teil einen stationären Teil (5a; 24a)
hat, der mit dem Netz verbunden ist, und einen
freien Teil (5b; 24b), wobei der freie Teil mit min-
destens einem fadenförmigen Element (6, 7)
verbunden ist.

2. Prothese (200; 210) nach Anspruch 1, dadurch ge-
kennzeichnet, dass jedes Verankerungsteil (5;
215) eine geometrische Form mit mindestens einer
Seite hat, die eine Länge gleich oder größer als die
anderen Seiten hat, wobei jedes Verankerungsteil
mit dem Netz durch seine längste Seite entlang einer
Richtung senkrecht zu dem Segment, das die Mitte
des Netzes und die Befestigungsstelle des Teils in
der Ebene des Netzes verbindet, verbunden ist.

3. Prothese (200) nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass das nähbare Material ein
Textil ist.

4. Prothese (200) nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass die fadenförmigen
Elemente aus Fäden (6), biegsamen Röhren (7) und
Kombinationen davon ausgewählt sind.

5. Prothese (200) nach Anspruch 4, dadurch gekenn-
zeichnet, dass die fadenförmigen Elemente bieg-
same Röhren (7) sind.

6. Prothese (200) nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Röhren (7) biegsam und halb
starr sind.

7. Prothese (200; 210) nach einem der Ansprüche 1
bis 6, dadurch gekennzeichnet, dass der Rahmen
(2), der von der umfänglichen Außenkante zurück
versetzt ist, Schlangenform hat, die Wellen (4) bildet.

8. Prothese (200; 210) nach Anspruch 7, dadurch ge-
kennzeichnet, dass der Rahmen (2) die Form eines
flachen Bands, das Wellen (4) im Wesentlichen in
der Ebene des Netzes bildet, annimmt.

9. Prothese (200; 210) nach einem der Ansprüche 1
bis 8, dadurch gekennzeichnet, dass das Verstär-
kungselement aus bioresorbierbarem Material er-
zeugt wird.

10. Prothese (200; 210) nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
das Netz (1) scheibenförmig ist, wobei der Rahmen
im Wesentlichen die Form eines kreisförmigen Rings
(2) hat.

11. Prothese (200) nach Anspruch 10, dadurch ge-
kennzeichnet, dass die zwei Verankerungsteile (5)
an zwei diametrisch gegenüberliegenden Stellen ei-
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nes Innenumfangs des Rings befestigt sind, wobei
die zwei Stellen um 90° von jeder der zwei Schar-
nierstellen (3a, 3b) beabstandet sind.

12. Prothese (200; 210) nach Anspruch 10, dadurch ge-
kennzeichnet, dass die Prothese vier Veranke-
rungsteile (5) umfasst, die im Wesentlichen regel-
mäßig entlang eines Innenumfangs des Rings (2)
verteilt sind, so dass zwei Verankerungsteile auf ei-
ner Seite der Faltlinie liegen und die zwei anderen
Verankerungsteile auf der anderen Seite der Faltli-
nie liegen.

13. Prothese (200) nach Anspruch 12, dadurch ge-
kennzeichnet, dass ein einzelnes fadenförmiges
Element (6, 7) die freien Teile der zwei Veranke-
rungsteile, die auf derselben Seite der Faltlinie lie-
gen, miteinander verbindet.

14. Prothese (200; 210) nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Verankerungsteile (215) eine von der Farbe des
Netzes unterschiedliche Farbe haben.

15. Prothese (200) nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass die fa-
denförmigen Elemente eine Farbe haben, die von
der des Netzes und der der Verankerungsteile un-
terschiedlich ist.

16. Prothese (200; 210) nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Seite des Netzes gegenüber der, die die Veran-
kerungsteile (5) aufweist, durch eine nicht haftende
Beschichtung (201) abgedeckt ist.

17. Prothese (210) nach Anspruch 12, wobei alle vier
Verankerungsteile (215) die Form gleichwinkeliger
Dreiecke (24) aus Textil haben, wobei jedes Dreieck
an dem Netz (1) über seine Basis befestigt ist, wobei
alle vier Dreiecke identische Dehnungs- und Zer-
reißfestigkeitseigenschaften in die zentripetale
Richtung haben.

Revendications

1. Prothèse (200 : 210) comprenant :

- au moins un treillis (1) souple délimité par un
bord extérieur périphérique (1 a),
- au moins un élément de renfort dudit treillis,
ledit élément de renfort étant sous la forme d’un
cadre (2) solidaire dudit treillis, caractérisé en
ce que le cadre adopte substantiellement la for-
me dudit bord extérieur périphérique du treillis,
ledit cadre étant situé en retrait dudit bord exté-
rieur périphérique et étant pourvu de deux points

dits points de charnière (3a, 3b), la ligne passant
par lesdits deux points de charnière passant
également par le centre (1 b) du treillis et formant
ainsi une ligne de pliage M du treillis en deux
parties,

ladite prothèse comprend en outre au moins deux
pièces d’ancrage (5 : 215) en matériau suturable si-
tuées sur une même face du treillis (1) de part et
d’autre de ladite ligne de pliage, chaque pièce pré-
sentant une partie fixe (5a : 24a) liée audit treillis et
une partie libre (5b : 24b), ladite partie libre étant
reliée à au moins un élément filiforme (6, 7).

2. Prothèse (200 : 210) selon la revendication 1, ca-
ractérisée en ce que chaque pièce d’ancrage (5 :
215) présentant une forme géométrique dont au
moins un côté présente une longueur supérieure ou
égale à celles des autres côtés, chaque pièce d’an-
crage est liée audit treillis par son côté de plus grande
longueur, et selon la direction de la perpendiculaire
au segment reliant le centre du treillis et le point de
fixation de ladite pièce dans le plan du treillis.

3. Prothèse (200) selon la revendication 1 ou 2, carac-
térisée en ce que ledit matériau suturable est un
textile.

4. Prothèse (200) selon l’une des revendications 1 à 3,
caractérisé en ce que lesdits éléments filiformes
sont choisis parmi des fils (6), des tubes (7) souples,
et leurs combinaisons.

5. Prothèse (200) selon la revendication 4, caractérisé
en ce que les éléments filiformes sont des tubes
souples (7).

6. Prothèse (200) selon la revendication 5, caractéri-
sée en ce que les tubes (7) sont souples et semi-
rigides.

7. Prothèse (200 : 210) selon l’une quelconque des re-
vendications 1 à 6, caractérisée en ce que ledit
cadre (2) serpente en retrait du bord extérieur péri-
phérique en formant des ondulations (4).

8. Prothèse (200 : 210) selon la revendication 7, ca-
ractérisée en ce que ledit cadre (2) est sous la forme
d’un ruban plat formant des ondulations (4) substan-
tiellement dans le plan dudit treillis.

9. Prothèse (200 : 210) selon l’une quelconque des re-
vendications 1 à 8, caractérisée en ce que ledit
élément de renfort est réalisé en matériau biorésor-
bable.

10. Prothèse (200 : 210) selon l’une quelconque des re-
vendications précédentes, caractérisée en ce que
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ledit treillis (1) présente la forme d’un disque, ledit
cadre étant substantiellement sous la forme d’un an-
neau circulaire (2).

11. Prothèse (200) selon la revendication 10, caracté-
risé en ce que lesdites deux pièces d’ancrage (5)
sont fixées à deux endroits diamétralement opposés
d’un périmètre interne dudit anneau, lesdits deux en-
droits étant espacés de 90° de chacun desdits deux
points de charnière (3a, 3b).

12. Prothèse (200 : 210) selon la revendication 10, ca-
ractérisée en ce que la prothèse comprend quatre
dites pièces d’ancrage (5) distribuées substantielle-
ment régulièrement le long d’un périmètre interne
dudit anneau (2) de sorte que deux pièces d’ancrage
sont situées d’un côté de la ligne de pliage et les
deux autres pièces d’ancrage sont situées de l’autre
côté de la ligne de pliage.

13. Prothèse (200) selon la revendication 12, caracté-
risée en ce qu’un même élément filiforme (6, 7) relie
entre elles les parties libres de deux pièces d’ancra-
ge situées d’un même côté de la ligne de pliage.

14. Prothèse (200 : 210) selon l’une quelconque des re-
vendications précédentes, caractérisée en ce que
les pièces d’ancrage (215) présentent une couleur
différente de celle du treillis.

15. Prothèse (200) selon l’une quelconque des revendi-
cations précédentes, caractérisée en ce que les
éléments filiformes présentent une couleur différen-
te de celle du treillis et de celle des pièces d’ancrage.

16. Prothèse (200 : 210) selon l’une quelconque des re-
vendications précédentes, caractérisée en ce que
la face du treillis opposée à celle comportant lesdites
pièces d’ancrage (5) est recouverte par un revête-
ment anti-adhérent (201).

17. Prothèse (210) selon la revendication 12, dans la-
quelle les quatre pièces d’ancrage (215) sont sous
la forme de triangles isocèles (24) de textiles, chaque
triangle étant fixé audit treillis (1) par sa base, les
quatre triangles ayant des propriétés d’allongement
et de résistance à la traction identiques dans la di-
rection centripète.
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