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Description
FIELD OF THE INVENTION

[0001] The invention relates to a microdialysis probe.
Dialysis probes of this kind are described in SE-C-434
214 (closest prior art), US,A,5,735,832 and US,A,
5,741,284.

[0002] The meaning of specific wordings in this text
should be interpreted as follows:

The word probe should be interpreted also as catheter.
The inlet and outlet of the probe as described may in
case of a reversed flow be used as outlet and inlet, re-
spectively.

Perfusion liquid is the liquid used in the microdialysis,
which is allowed to enter the probe and there take up
substances from the surrounding tissue through a mem-
brane. The perfusion liquid becomes the dialysate after
the dialysis.

Deformable mesh is to be interpreted as further de-
scribed in the application below.

BACKGROUND OF THE INVENTION

[0003] Microdialysis is a method of examination in
which a probe is inserted into tissue in vivo, such that
one side of a semi-permeable membrane is in contact
with tissue and extra cellular liquid and the other side is
flushed or rinsed with a dialysis liquid (perfusate) which
takes-up substances from the extra cellular liquid
through the membrane. These substances can then be
analyzed in the dialysate on or after exiting the probe.
[0004] Microdialysis probes are by nature fragile,
which requires great care in inserting and withdrawing
the probe from the tissue in which it is used. At least part
of the probe needs to have a surface consisting of a thin
permeable membrane, which may be broken particular-
ly when removing the probe. For insertion of the probe
there exists insertion means such as an external tube
or the like that may be used to protect the probe during
insertion. The insertion means, if such means are used,
are removed before the actual use of the probe if such
are used.

[0005] However, when inserted into tissue of a living
person, the probe must be able to retain its shape de-
spite the stresses and strains to be expected when/if the
person moves (even if the person is quite still there may
still be movements in e.g. a muscle) and at withdrawal
of the probe.

[0006] The use of microdialysis becoming more fre-
quent and common raises other problems such as mon-
itoring and control of the probe during insertion and use.
Itis a fact that microdialysis provides a unique possibility
to examine the equilibrias of substances and/or the
amounts present or missing of substances or to monitor
specific changes in the status of substances-connected
with e.g. the use of medicaments, in surgery etc.
[0007] The monitoring and control of the probe posi-
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tion during insertion/withdrawal and use has been an
obstacle in so far that the smallness and the material of
the probe does not make possible the use of common
methods for detecting the probe once the insertion has
been started. This becomes more problematic the deep-
er into the tissue the microdialysis is to take place.

SUMMARY OF THE INVENTION.

[0008] It is thus an object of the invention to provide
a microdialysis probe, which is suitable for the general
use in living tissue when taking samples for e.g. diag-
nostic purposes. In particular the object is an improved
probe, which may withstand forces acting on the probe
during use and withdrawal of the same.

[0009] A further object is to give good access to the
membrane for the intracellular liquid and still be able to
protect the membrane and to be able to retract the probe
in full.

[0010] A further object of the invention is to provide a
microdialysis probe, the location of which may be mon-
itored and controlled using means such as X-rays or the
like during insertion/withdrawal or during dialysis in or-
der to facilitate the placement of the probe at a prede-
termined location and to control the location of the
probe.

[0011] In accordance with the invention, these and
other objects evident from the description of the inven-
tion are accomplished in a microdialysis probe in that a
deformable mesh sleeve is adapted to enclose and pro-
tect at least said dialysis membrane, the proximal end
of said deformable sleeve fastened to the probe be-
tween the proximal end of the probe and the dialysis
membrane, and in that said deformable mesh sleeve
when subjected to a pulling action in the longitudinal di-
rection of the sleeve is deformed such that the diameter
of said sleeve decreases.

[0012] The wording enclose should be understood
such that the mesh sleeve always is secured to the prox-
imal part of the probe but the other end of the sleeve
may be either open-ended or closed or attached to the
distal part of the probe as such.

BRIEF DESCRIPTION OF THE DRAWINGS.

[0013] The invention will now be described by way of
example and with reference to the accompanying draw-
ings in which:

Fig. 1a-d shows four examples of a microdialysis
probe in section exhibiting the mesh
sleeve according to the invention:

a. probe exhibiting a first embodiment of
the mesh sleeve according to the inven-
tion.

b. probe exhibiting a mesh sleeve also ac-
cording to the first embodiment.
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c. probe exhibiting a second embodiment
of the mesh sleeve according to the inven-
tion.
d. probe exhibiting a second embodiment
of the mesh sleeve according to the inven-
tion.
Fig. 2 shows an example of the mesh-type pref-
erably used according to the invention.
Fig. 3a-b illustrates the changes in the deformable
mesh sleeve dimensions

a) unaffected

b) affected.
Fig. 4 shows a cross section of a probe accord-
ing to the invention.

DETAILED DESCRIPTION OF PREFERRED FORMS
OF THE INVENTION.

[0014] Throughout Fig. 1a - 1d like details are desig-
nated with corresponding numerals.

[0015] A first embodiment of the microdialysis probe
according to the invention is shown in Fig. 1a. The probe
exhibits a distal end piece 110 and a distal tubular fitting
112. The distal tubular fitting 112 in combination with the
end piece 110 comprises the foremost tip of the probe.
A proximal tubular fitting 111and a proximal end piece
113 comprises the other end of the probe as such. The
proximal tubular fitting 111 is permanently fastened to a
proximal end piece 113. A membrane 115 is fastened to
the distal tubular fitting 112, the membrane 115 having
a smaller diameter than the fitting. The membrane is
preferably tubular. The fitting itself being closed at the
most distal end thereof e.g. by using glue or the like,
forming the distal end 110. The other end of the mem-
brane 115 is fastened to the proximal tubular fitting 111.
It should be understood that the above describes an ex-
emplary embodiment of the distal end of the probe itself
and the constructive details thereof may vary within the
scope of the claims or be independent of the construc-
tive details of the distal end of the probe depending on
different embodiments of the invention.

[0016] In the end proximal piece 113 two tubes 107
and 108 constituting the inlet to the probe and the outlet
from the probe are connected to the probe, such as to
let the perfusion liquid pass through the same. Note
above the possibility of reversed flow.

[0017] To give a proper understanding of the inven-
tion, exemplary dimensions are given here. The length
of the probe may be e.g. 5 cm from the most distal end
of the same to the proximal part of the proximal tubular
fitting 111. The length of the tubular fitting may be ap-
proximately 2 cm, thus the length of the membrane may
be approximately 3 cm. The diameter of the proximal
tubular fitting may be approximately 1 mm and the outer
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diameter of the membrane may be approximately 0.6
mm.

[0018] These dimensions imply that the parts of the
probe especially the membrane is very thin. The mem-
brane is e.g. made from polyamide and the tensile
strength of the same is hard to measure properly in that
it is easily ruptured. Such membranes are i.a manufac-
tured by Gambro AB, Sweden.

[0019] Within the membrane 115, which is in the form
of a tube made from semi-permeable material, first tube
116 extends essentially from the proximal end of the
probe to the distal end. The first tube 116 has a closed
distal end and has at least one aperture 117 at or near
the distal end. The aperture 117 constitutes a passage
for the perfusion liquid entering the space 118 defined
by the first tube 116 and the dialysis membrane 115 in
combination with the proximal tubular fitting 111 and the
distal tubular fitting 112. For the withdrawal of the per-
fusion liquid a second tube 119 extends from the proxi-
mal end of the probe and opens up into the same space
118 somewhere near to the to the proximal end of the
probe thereby forming an exit for the perfusion liquid.
The perfusion liquid has now become a dialysate having
acquired substances exchanged over the semi-perme-
able membrane. The distal end piece 110 of the probe
may e.g. be fastened in a permanent way to the distal
end of the first tube 116.

[0020] According to the invention a protective deform-
able mesh sleeve 120 surrounds said dialysis mem-
brane 115, said protective sleeve adapted to enclose
said dialysis membrane 115. The most distal end 121 of
the sleeve 120 has been closed so as to form a sack-
like container into which the probe is inserted and se-
cured at the proximal end thereof. The distal end of the
sleeve is secured between the proximal tubular fitting
111 and the end proximal piece 113.

[0021] In this manner the sleeve can be safely retract-
ed in the same operation as the retraction of the probe
and the sleeve will be the safeguard that all of the probe
will be reclaimed upon retraction.

[0022] In Fig. 1b a second embodiment of the probe
having a different construction and depending thereon
another construction of the sleeve is shown. The probe
exhibits a distal end piece 210 The end piece 210 com-
prises the foremost tip of the probe. A proximal tube 211
comprises the other end of the probe as such. The most
proximal part of the probe is not shown in the drawing.
[0023] A tube-like membrane 215 is fastened to the
distal end piece 210. The membrane 215 itself being
closed at the most distal end thereof e.g. by using glue
or the like, forming the distal end 210. The other end of
the membrane 115 is fastened to the proximal tube 211.
[0024] Within the membrane 215, which is in the form
of a tube made from semi-permeable material, a first
tube 216 extends essentially from the proximal end of
the probe to the distal end. The first tube 216 has a
closed distal end and has at least one aperture 217 at
or near the distal end. The aperture 217 constitutes a
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passage for the perfusion liquid entering the space 218
defined by the first tube 216 and the dialysis membrane
215. For the withdrawal of the perfusion liquid a second
tube (not shown) extends from the proximal end of the
probe and opens up into the same space 118 some-
where near to the to the proximal end of the probe there-
by forming an exit for the perfusion liquid. The proximal
tube 211 itself may constitute the exit part from the
probe. The perfusion liquid enters the probe through the
first tube 216, which is shown to enter the second tube
through the wall of the same. The distal end piece 210
of the probe may e.g. be fastened in a permanent way
to the distal end of the first tube 216.

[0025] The protective deformable mesh sleeve 220
surrounds said dialysis membrane 215, said protective
sleeve adapted to enclose said dialysis membrane 215.
The most distal end 221 of the sleeve 220 has been
closed so as to form a sack-like container into which the
probe is inserted and is secured at the proximal end
thereof. The open end of the sack-like sleeve-container
220 has been fastened to the outside of the tubular fitting
211 by glue or the like 230. The fastening of the sleeve
220 to the tubular fitting 211 is preferably done in the
vicinity of the through-hole for the first tube 216 such as
to be able to perform the fastening and the sealing of
the edges of the through-hole against the first tube 216
in one operation.

[0026] In Fig. 1c the same type of probe is used as in
Fig 1b. The embodiment shown differs from the one in
Fig. 1b in that the deformable mesh sleeve 320 is fas-
tened to the distal end piece 310 by glue or by fusing
the material of the end piece 310, the membrane 315,
the most distal part of the deformable mesh sleeve 320
in one or more steps, thereby forming the most distal
part of the probe as one unit.

[0027] InFig 1d afurther embodiment of the invention
is shown. The probe shown is essentially identical to the
one in Fig 1b and Ic. The difference between the em-
bodiments is that the distal end of the deformable mesh
sleeve 420 is not closed at all but leaves the end piece
410 free from connection with the sleeve 420. This em-
bodiment still works in the same manner as the preced-
ing embodiments in that when the probe is retracted the
sleeve will be held back by the tissue and thus will show
a decreasing diameter, thus ensuring that all of the
probe will be retractable.

[0028] The insertion of this last embodiment in a mus-
cle or the like is preferably performed using an instru-
ment adapted to assist in the insertion and thereafter be
removed. such device per se are know within the art and
are not the subject of this invention.

[0029] The protective deformable mesh sleeve used
according to the invention may be formed from an elastic
mesh of the type were the threads of the mesh in an
unaffected state meet each other under predetermined
angel forming diamond like openings in the mesh. When
exerting force essentially the general direction of the
sleeve the mesh in an effected state may be pulled out
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such as to decrease the acute angle and to shorten the
mesh in the direction perpendicular to the thrust line i.
e. to decrease the diameter of the sleeve will serve to
brace the probe, i.e. especially the membrane part of
the same and to hinder the probe from breaking. Any
arrangement of threads which will perform as described
above are suitable for use according to this invention.
The mesh could thus be also a woven fabric which ex-
hibits approximately the same characteristics as to de-
forming.

[0030] The shortening of the mesh in the direction per-
pendicular to the thrust line is the reason explaining that
the embodiment in Fig 1d will function even though that
the distal end of the sleeve is open. When retracting the
probe having the deformable sleeve, the diameter of the
sleeve will decrease, thus holding the probe together
and hindering the probe from breaking.

[0031] Examples of the mesh in the protective sleeve
is shown in Fig. 2a - b, where in Fig. 2a is shown a braid-
ed mesh, which may be expanded in one of two perpen-
dicular directions, using tensile forces. Such a material
formed as a sleeve or a tube and having a predeter-
mined circumference in a non-stretched stated, will up-
on pulling forces applied in the longitudinal direction of
the tube become stretched and the circumference will
contract.

[0032] A probe according to the invention thus will be
held together as one unit under all circumstances.
[0033] Infigure 3 the changes in the deformable mesh
sleeve dimensions as unaffected and affected is shown.
The dimensional changes of the sleeve as "unaffected"
in figure 3a may be compared with the affected stated
shown in figure 3b where the sleeve has been subjected
to a stretching movement and thus has enclosed the
probe more tightly than in figure 3a.

[0034] It should, however, be noted that the state of
the deformable sleeve shown in figure 3a may e.g. still
be in an affected state in the sense that the sleeve in
order to fit over the probe has to a certain degree been
stretched in the circumferential direction. l.e. the sleeve
may, before fitting the same over the probe, have exhib-
ited a smaller circumference than the probe.

[0035] The mesh sleeve protects the probe when
used in amuscle or in any other living tissue. When used
for the purpose of e.g. continued monitoring the probe
according to the invention is used in living tissue, which
means that forces will be exerted on the probe by the
surrounding tissue during the microdialysis. In a few
cases this may cause harm to the membrane such as
to give fissure or the like in the membrane. The impor-
tant aspect is to be able to remove the entire probe in
one operation, the fissured probe held together by the
protective sleeve. A good measure of the improvement
gained by the probe according to the invention is, that
the mesh sleeve shows a tensile strength of approxi-
mately 10-20 N, as compared with the membrane itself,
the strength of which is discussed above as being very
small.
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[0036] A cross section of a probe according to the in-
vention in the area of the membrane is shown in figure
4. In the figure the first and the second tubes are not
shown, but only the surrounding membrane 15 and the
mesh threads 25 making up the deformable mesh
sleeve 20 are shown. As can be seen in the figure the
mesh sleeve 20 leaves access to the membrane 15 from
the tissue side of the same. In-between the filaments
making up the material in the sleeve there is enough
space for the membrane to make good contact with the
extra-cellular liquid. This vouches for a good contact and
a good recovery resulting from the microdialysis.
[0037] Inthe probe according to the invention a further
improvement is achieved by introducing into the mesh
mesh a predetermined amount of e.g. metal-ions or met-
al such that the probe will be opaque to X-rays. The met-
al would preferably have to be introduced in the material
making up the probe and be dispersed therein in ele-
mental form i.e. as metal or as a part of one of the com-
pounds from which the mesh is manufactured.

[0038] In further embodiment the metal may be dis-
persed in at least one of the threads making up the ma-
terial. There is also the possibility of substitution of one
or more of the plastic material thread by a metallic
thread.

The invention has been described under reference to
embodiments of the same. The scope of the invention
however is described by the appended claims.

Claims

1. A microdialysis probe, comprising a dialysis mem-
brane (115,215,315,415) located and supported be-
tween a closed distal end of the probe and a prox-
imal end of the same, said membrane
(115,215,315,415) essentially surrounding a space
(118,218,318,418) for passage of perfusion liquid;
said probe having inlet and outlet means (107,108;
207,208;307,308;407,408) for perfusion liquid;
characterized by a deformable mesh sleeve
(120,220,320,420) adapted to enclose and protect
at least said dialysis membrane (115,215,315,415),
the proximal end of said deformable sleeve fas-
tened to the probe between the proximal end of the
probe and the dialysis membrane
(115,215,315,415).

2. Microdialysis probe according to claim 1, charac-
terized in that said deformable mesh sleeve
(120,220) has a closed distal end (121,221) sur-
rounding the distal end (110,210) of the probe.

3. Microdialysis probe according to claim 1 or 2, char-
acterized in that said deformable mesh sleeve
(320) has a closed distal end unitary with the distal
end (310) of the probe.
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4. Microdialysis probe according to claim 1, charac-
terized in that said deformable mesh sleeve (420)
has an open distal end.

5. Microdialysis probe according to any of the preced-
ing claims, characterized in that said deformable
mesh sleeve when subjected to a pulling action in
the longitudinal direction of the sleeve
(120,220,320,420) is deformed such that the diam-
eter of said sleeve decreases.

6. Microdialysis probe according to any of the preced-
ing claims, characterized in that said deformable
mesh sleeve (120,220,320,420) being X-ray
opaque through the addition of substances to the
material forming the deformable mesh sleeve
(120,220,320,420) giving the material such charac-
teristics.

7. Microdialysis probe according to claim 6, charac-
terized in that said substance is a metal dispersed
in the material forming the deformable mesh sleeve
(120,220,320,420).

8. Microdialysis probe according to claim 6, charac-
terized in that said substance is a metal-ion com-
prised in one of or in the compound of the material
forming the  deformable  mesh  sleeve
(120,220,320,420).

9. Microdialysis probe according to any of the claims
1 - 3, characterized said deformable mesh sleeve
(120,220,320,420) being X-ray opaque through the
substitution of or inclusion of x-ray opaque filaments
in the material making up the mesh material.

Patentanspriiche

1. Sonde fir die Mikrodialyse, umfassend eine Dialy-
semembran (115, 215, 315, 415), welche zwischen
einem geschlossenen distalen Ende der Sonde und
einem nahen Ende des gleichen angeordnet und
abgestlitzt ist, wobei die Membran (115, 215, 315,
415) im Wesentlichen einen Raum (118, 218, 318,
418) fir den Durchtritt einer Infusions-Flissigkeit
umgibt, wobei die Sonde Einlass- und Auslassmittel
(107, 108; 207, 208; 307, 308; 407, 408) flr die In-
fusions-Flussigkeit aufweist; gekennzeichnet
durch eine deformierbare Netzhiilse (120, 220,
320, 420), welche zum EinschlieBen und Beschiit-
zen zumindest der Dialysemembran (115, 215, 315,
415) geeignet ist, wobei das nahe Ende der defor-
mierbaren Hilse an der Sonde zwischen dem na-
hen Ende der Sonde und der Dialysemembran
(115, 215, 315, 415) befestigt ist.

2. Sonde fiir die Mikrodialyse gemaf Anspruch 1, da-
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durch gekennzeichnet, dass die deformierbare
Netzhilse (120, 220) ein geschlossenes distales
Ende (121, 221) aufweist, welche das distale Ende
(110, 210) der Sonde umgibt.

Sonde fir die Mikrodialyse gemaR Anspruch 1 oder
2, dadurch gekennzeichnet, dass die deformier-
bare Netzhilse (320) ein mit dem distalen Ende
(310) der Sonde einheitliches geschlossenes dista-
les Ende aufweist.

Sonde fiir die Mikrodialyse gema Anspruch 1, da-
durch gekennzeichnet, dass die deformierbare
Netzhilse (420) ein offenes distales Ende aufweist.

Sonde fiir die Mikrodialyse gemaf einem der vor-
anstehenden Anspriche, dadurch gekennzeich-
net, dass die deformierbare Netzhiilse, wenn sie
einer Ziehwirkung in Linksrichtung der Hilse (120,
220, 320, 420) unterworfen wird, diese so defor-
miert wird, dass der Durchmesser der Hilse ab-
nimmt.

Sonde fiir die Mikrodialyse gemafR einem der vor-
anstehenden Anspriiche, dadurch gekennzeich-
net, dass die deformierbare Netzhilse (120, 220,
320, 420) undurchlassig fur Roéntgenstrahlen ist
durch die Zugabe von Sustanzen zu dem Material,
welches die deformierbare Netzhilse (120, 220,
320, 420) ausbildet, welche dem Material solche Ei-
genschaften verleiht.

Sonde fiir die Mikrodialyse gemaf Anspruch 6, da-
durch gekennzeichnet, dass die Substanz ein in
dem die deformierbare Netzhiilse (120, 220, 320,
420) ausbildenden Material feinverteiltes Metall ist.

Sonde fiir die Mikrodialyse gemaf Anspruch 6, da-
durch gekennzeichnet, dass die Substanz ein in
einem von oder in dem Gemisch von die deformier-
bare Netzhilse (120, 220, 320, 420) ausbildenden
Material umfasstes Metalllon ist.

Sonde fiir die Mikrodialyse gemal einem der An-
spriiche 1 bis 3, dadurch gekennzeichnet, dass
die deformierbare Netzhilse (120, 220, 320, 420)
fir Réntgenstrahlen undurchlassig ist durch die
Substitution oder Einfligung von Rdntgenstrahlen-
undurchldssigen Fasern in dem das Netzmaterial
erzeugenden Material.

Revendications

Sonde de micro-dialyse, comprenant une membra-
ne de dialyse (115, 215, 315, 415) située et suppor-
tée entre une extrémité distale fermée de la sonde
et une extrémité proximale de celle-ci, ladite mem-
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brane (115, 215, 315, 415) entourant essentielle-
ment un espace (118, 218, 318, 418) destiné au
passage d'un liquide de perfusion ; ladite sonde
comprenant des moyens d'admission et d'évacua-
tion (107, 108 ; 207, 208 ; 307, 308 ; 407, 408) des-
tinés au liquide de perfusion ; caractérisée par une
gaine maillée déformable (120, 220, 320, 420)
adaptée pour enfermer et protéger au moins ladite
membrane de dialyse (115, 215, 315, 415), l'extré-
mité proximale de ladite gaine déformable étant
fixée sur la sonde entre I'extrémité proximale de la
sonde et la membrane de dialyse (115, 215, 315,
415).

Sonde de micro-dialyse selon la revendication 1 ou
2, caractérisée en ce que ladite gaine maillée dé-
formable (120, 220) comprend une extrémité dista-
le fermée (121, 221) qui entoure I'extrémité distale
(110, 210) de la sonde.

Sonde de micro-dialyse selon la revendication 1 ou
2, caractérisée en ce que ladite gaine maillée dé-
formable (320) comprend une extrémité distale fer-
mée unie a I'extrémité distale (310) de la sonde.

Sonde de micro-dialyse selon la revendication 1,
caractérisée en ce que ladite gaine maillée défor-
mable (420) comprend une extrémité distale ouver-
te.

Sonde de micro-dialyse selon I'une quelconque des
revendications précédentes, caractérisée en ce
que ladite gaine maillée déformable, lorsqu'elle est
soumise a une action de traction dans la direction
longitudinale de la gaine (120, 220, 320, 420), est
déformée de telle sorte que le diamétre de ladite
gaine se réduit.

Sonde de micro-dialyse selon I'une quelconque des
revendications précédentes, caractérisée en ce
que ladite gaine maillée déformable (120, 220, 320,
420) est opaque aux rayons X grace a l'addition de
substances au matériau formant la gaine maillée
déformable (120, 220, 320, 420) qui procurent ces
caractéristiques au matériau.

Sonde de micro-dialyse selon la revendication 6,
caractérisée en ce que ladite substance est un
métal réparti dans le matériau qui forme la gaine
maillée déformable (120, 220, 320, 420).

Sonde de micro-dialyse selon la revendication 6,
caractérisée en ce que ladite substance est union
métallique compris dans I'un des matériaux ou dans
le composé de matériaux formant la gaine maillée
déformable (120, 220, 320, 420).

Sonde de micro-dialyse selon I'une quelconque des
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revendications 1 a 3, caractérisée en ce que ladite
gaine maillée déformable (120, 220, 320, 420) est
opaque aux rayons X grace a la substitution ou a
l'inclusion de filaments opaques aux rayons X dans
le matériau permettant la réalisation du matériau
maillé.
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