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(67)  The presentinvention relates to a wound dress-
ing. Wound dressings are known, which include a sensor.
When compared to the prior art, it is an object of the
present invention to provide an improved wound dress-
ing, which is capable to provide status information on the
wound dressing and/or on the wound in an easy and di-
rect way of handling. In order to solve this object a wound
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Wound dressing with a sensor and method for manufacturing the same

dressing is suggested comprising at least one sensor
and a display, which is adapted to receive data deter-
mined by the sensor in form of an electrical signal and
to display the received data. Furthermore, a method of
manufacturing a corresponding wound dressing with a
sensor and a display is suggested.
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Description

[0001] The presentinvention relates to a wound dress-
ing. Furthermore the present invention relates to a meth-
od for manufacturing a wound dressing.

[0002] Wound dressings for covering wounds are
known in various forms from the prior art. When applied
to a wound, the dressings cover the wound such that the
wound is prevented from being further harmed and may
heal under the dressing.

[0003] Once adressing is applied onto a wound, infor-
mation on the status neither of the dressing nor of the
healing are on hand, but have to be estimated based on
experience. However, this has proven to be disadvanta-
geous, especially in cases wherein unforeseen compli-
cations occur.

[0004] Thus, there is a need for gaining information on
the status of the dressing and/or the status of the wound
healing, even when a dressing is in place on a wound.
[0005] In WO 2012/012286 A1, systems and methods
are provided for sensing fluid in a dressing on a patient
and producing an electrical signal. In one instance, a gal-
vanic cell is used as an electronic detection device. The
galvanic cell is placed in the dressing and produces a
voltage when the dressing is substantially saturated.
[0006] WO 2013/114273 A1 relates to a wound dress-
ing comprising an application surface for application to
a wound, an absorbent structure for absorbing exudate
discharged from the wound, an intermediate structure
located between the application surface and the absorb-
ent structure and arranged to promote distribution of ex-
udate from the application surface to one or a plurality of
inlet zones having a limited area in the absorbent struc-
ture, and a detection system to detect the extent of the
absorbent structure that is wetted by the exudate having
penetrated into the absorbent core via the inlet zone or
zones.

[0007] In US 2013/0274629 A1, appurtenances to
wound dressings are described, which include: a sub-
strate configured to mechanically or chemically attach to
a wound dressing, a transmission unit attached to a sur-
face of the substrate, the transmission unit including cir-
cuitry and at least one antenna, the transmission unit
configured to transmit a signal, and a projection operably
attached to the transmission unit, the projection being of
a size and shape to extend into an interior region of the
wound dressing and configured to sample a fluid asso-
ciated with a wound.

[0008] When compared to the prior art it is an object
of the present invention to provide an improved wound
dressing, which is capable to provide status information
on the wound dressing and/or on the wound in an easy
and direct way of handling.

[0009] The above objectis solved by awound dressing
accordingto claim 1, which comprises at least one sensor
and a display, which is adapted to receive data deter-
mined by the sensor in form of an electrical signal and
to display the received data.

10

15

20

25

30

35

40

50

55

[0010] With a wound dressing according to the present
invention status information on the wound dressing
and/or on the wound are displayed in a direct and easy
way on the display. Thus, the need for indicators is sat-
isfied that provide corresponding status information after
the dressing is applied to the wound.

[0011] A wound dressing in terms of the present appli-
cation refers to any wound care article for covering a
wound such that the wound is prevented from being fur-
ther harmed and may heal under the dressing. A wound
dressing may e.g. be a sterile pad, a compress, a band-
age, an adhesive bandage, like a Band-Aid@, or a plas-
ter.

[0012] In one embodiment the wound dressing com-
prises a backing layer. When the wound dressing is ap-
plied to a wound, the backing layer in one embodiment
serves as a cover of the wound dressing, which is not in
direct contact with the wound.

[0013] In an embodiment, the wound dressing is de-
signed to be in direct contact with the wound. In one em-
bodiment, according to the present invention, the wound
dressing is adapted for absorbing wound exudate dis-
charged from a wound.

[0014] In an embodiment according to the present in-
vention, the wound dressing is an adhesive bandage
comprising a backing layer, an absorbent pad and an
adhesive film. In this embodiment the wound dressing is
self-adhesive. In an embodiment, the absorbent pad is
located under the backing layer, wherein the absorbent
pad is intended to come in direct contact with a wound
and suitable to absorb blood from the wound. The back-
ing layer prevents direct contact between the absorbent
pad and e.g. a patient’s clothing. For example a self-
adhesive film may be applied to the bottom side of the
backing layer or as a backing layer, which laterally ex-
tends beyond the absorbent pad. Those sections extend-
ing beyond the absorbent pad may be attached to a pa-
tient’s skin. In a particular embodiment the wound dress-
ing forms a plaster.

[0015] In one embodiment, the wound dressing com-
prises an absorbent core, a facing layer, and a backing
layer, wherein the absorbent core is located between the
facing layer and the backing layer.

[0016] In the following placed/located on the backing
layer refers to being placed/located on an exterior surface
of the backing layer, i.e. on an exterior surface of the
wound dressing. Placed/located under the backing layer
refers to being placed/located on an interior surface of
the backing layer, i.e. inside the wound dressing.
Placed/located on the facing layer refers to being
placed/located on aninterior surface of the backing layer,
i.e. the wound dressing. Placed/located under the facing
layer refers to being placed/located on an exterior surface
of the backing layer, i.e. the wound dressing, intended
to make direct contact with the wound.

[0017] Wound fluid discharged from the wound bed is
absorbed by the absorbent core of the dressing through
the facing layer. Once the core is saturated, the dressing
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has to be replaced by a new one. Furthermore, when
becoming saturated the dressing may tend to provide
leakage of wound fluid. A problematic behavior of the
absorbent core, particularly of those comprising a super-
absorbent, is that the superabsorbent can create a "gel
blocking" resulting in blocking of the lateral flow, which
negatively influences the filling behavior of the absorbent
core.

[0018] By a wound dressing according to the present
invention indication may be provided in time before sat-
uration or leakage of a wound dressing occur. In addition,
a high local moisture content, which can be disadvanta-
geous for awound’s healing process, may be determined
based on the data provided by the display. Thus, it may
be easily judged on basis of suitable indicators, when it
is time to replace a wound dressing. In particular, even
unforeseen complications like "gel blocking" may be re-
solved in time by replacing the wound dressing.

[0019] Wound dressings are in general intended as
disposable items for reasons of hygiene. The wound
dressing comprises a layered structure comprising at
least a facing layer, an absorbent core and a backing
layer. A wide range of suitable structures and materials
may be used for the wound dressing.

[0020] In an embodiment, the absorbent core may be
any structure suitable to absorb exudate from a wound.
The material of the absorbent core in an embodiment
may comprise any one of a group consisting of cellulose,
regenerated cellulose, in particular cellulose fluff or re-
generated cellulose fluff, air-laid cellulose or air-laid re-
generated cellulose, tissue paper, a non-woven, a textile
fabric, a foam, an alginate, ALT, and a hydrocolloid or a
combination thereof. In one embodiment, the absorbent
core is produced as a spunlaced web material of 100%
pure cellulose or 100% regenerated cellulose. In another
embodiment the absorbent core comprises a mixture of
pure cellulose or regenerated cellulose and synthetic fib-
ers. In yet another embodiment the absorbent core com-
prises a non-woven tamponade or pad containing sodium
carboxymethyl cellulose and regenerated cellulose, as it
is commercially available underthe trade name aquacel®
from ConvaTec (Germany) GmbH of Munich, Germany.
[0021] Inone embodiment of the presentinvention, the
wound dressing comprises an absorbent pad, which is
suitable to absorb blood from a wound. The material of
the absorbent pad in an embodiment may comprise any
one and any combination of the materials listed above
as materials of an absorbent core.

[0022] Inanembodimentoftheinvention, such a struc-
ture of the absorbent core may be used as a carrier layer
toaccommodate or carry an absorbent substance, in par-
ticular a superabsorbent substance.

[0023] The absorbent core of the wound dressing in
an embodiment may be any structure comprising a su-
perabsorbent substance. Superabsorbent substances in
the sense of the present application are materials being
able to absorb and retain large volumes of water in aque-
ous solutions. Superabsorbent substances falling into
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this category are for example modified starch, polymer-
ized polyvinyl alcohol (PVA) and polyethylene oxide
(PEO) which are all hydrophilic and have a high affinity
to water. When chemically or physically cross-linked,
these polymers are water-swellable but not water-solu-
ble. The aforementioned superabsorbent substances
have been known for a long time.

[0024] Inaparticularembodiment of the presentinven-
tion, the superabsorbent substance is a superabsorbent
polymer (SAP), in particular in the form of (granular) par-
ticles or fibers. In an embodiment, such a SAP is made
from polymerization of acrylic acids blended with sodium
hydroxide in the presence of an initiated form poly-acrylic
acid sodium salt (sometimes referred to a sodium poly-
acrylate).

[0025] In a further embodiment, the absorbent core
containing SAP comprises a carrier layer, wherein the
superabsorbent polymer is dispersed in the carrier layer.
Inan embodiment, the carrier layer in particular may com-
prise a material selected of a group consisting of tissue
paper, aspunlaced polymer, a non-woven fabric, fluff/cel-
lulose, regenerated cellulose as rayon, foam based on
different chemistry as polyurethane, alginate, hydrocol-
loid, carboxymethyl cellulose (CMC) and its derivate and
cotton.

[0026] Inan embodiment, the absorbent core contain-
ing SAP comprises at least two carrier layers, which to-
gether with the SAP form the absorbent core. For man-
ufacturing, the SAP is dispersed on the first layer, then
the second layer is put on top and the two layers are
consolidated providing a matrix carrying the SAP be-
tween the two layers.

[0027] Inanembodiment, the absorbent core compris-
es a carrier layer made of a spunlaced polymer as a non-
woven fabric and a granular or fibrous SAP. For manu-
facturing, the SAP is in a first step, preferably uniformly,
dispersed on a first sheet or layer of the spunlaced non-
woven. In a second step, a second sheet or layer of the
spunlaced nonwoven is put on top of the first sheet, such
thatthe SAP is located between the two sheets or layers.
Then the SAP is integrated in both layers by applying
pressure to this sandwich structure provided. By applying
pressure, the two layers of spunlaced polymer are con-
solidated and the SAP to some extent fills up voids in the
spunlaced material. The laminate formed this way is soft
and looks like a single uniform layer of material.

[0028] A non-woven fabric in the sense of the present
application is a material made of at least one layer of
fibers that have been formed to a web and consolidated
in a next step. In particular, consolidation of the non-wo-
ven fabric may be achieved by friction and/or cohesion
and/or adhesion, for example by needling, felting, spun-
lacing, melting or heat embossing.

[0029] If compared to tissue paper a material will be
considered anon-woven fabricinthe sense of the present
application once more than 50 % of the mass of its fiber
components consist of fibers having a ratio of their length
to their diameter of more than 300. Alternatively, the ma-
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terial will be considered a non-woven fabric in the sense
of the present application if this condition is not fulfilled,
but if more than 30 % of the mass of its fiber components
consist of fibers having a ratio of their length to their di-
ameter of more than 300 and its density is lower than 0.4
g/ cm3. This is deemed to be equal to EM 29 092.
[0030] While an absorbent core as described above
may be advantageous, it is not excluded to design ab-
sorbent cores using different material combinations.
[0031] An absorbent core, in particular an absorbent
core having a superabsorbent substance that in the fol-
lowing text may also be denoted as a superabsorbent
core, extracts and stores liquid exudates from a wound,
to which the wound dressing is applied to.

[0032] In order to avoid direct contact between the ab-
sorbent core and the wound surface, the wound dressing
further comprises a facing layer.

[0033] In order to avoid direct contact between the ab-
sorbent core and e.g. a patient’s clothing, the wound
dressing further comprises a backing layer.

[0034] In an embodiment, the facing layer comprises
a material selected of a group consisting of a non-woven
fabric, e.g. containing polyethylene (PE), polyethylene
terephthalate (PET), polypropylene (PP), polyamide or
polytetrafluoroethylene (PTFE), a perforated sheet, e.g.
containing polyethylene (PE), polyethylene terephtha-
late (PET), polypropylene (PP), poly-amide or poly-
tetrafluoroethylene (PTFE), a perforated sheetlaminated
on anon-woven fabric, e.g. containing polyethylene (PE),
polyethylene terephthalate (PET), polypropylene (PP),
polyamide or polytetrafluoroethylene (PTFE), a fine net
or screen, e.g. containing polyethylene (PE), polyethyl-
ene terephthalate (PET), polypropylene (PP), polyamide
or polytetrafluoroethylene (PTFE), a perforated foam or
sheet comprising polyurethane, a perforated material
based on silicone or a foam with open cells based on
polyurethane or silicone or a combination thereof.
[0035] In an embodiment, the facing layer comprises
a perforated sheet or film, wherein perforations in the
facing layer form a three-dimensional structure in order
to reduce the sticking surface between the facing layer
and the wound surface and to enhance the contact with
the wound.

[0036] In an embodiment, the facing layer comprises
a non-woven fabric consisting of synthetic and/or cellu-
lose fibers. In an embodiment, the fibers of a non-woven
fabric forming a facing layer are reoriented such that they
predominantly extend in a direction perpendicular to the
extension of the facing layer. Such a reorientation of the
fibers in the non-woven fabric is achieved by orienting
the fibers during the fabrication process, in particular dur-
ing spun-lacing, needling or electrostatic processing.
[0037] In an embodiment of the invention, the facing
layer comprises a density in a range from 0.1 g / cm3 to
0.6 g/cm3.

[0038] In a further embodiment, the facing layer made
of a nonwoven in its unwetted state comprises an area
weight (also denoted as the gram weight, basis weight
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or grammage) in a range from 8 gsm (g / m2) to 50 gsm
(g/m2), preferably in a range from 12 gsm (g / m2) to 30
gsm (g / m2).

[0039] Itis further useful if in an embodiment the facing
layer comprises a hydrophobic or hydrophilic surface.
This is in particular applicable once the facing layer is
brought into direct contact with the wound. Therefore,
the facing layer in an embodiment may be coated by non-
sticking material, e.g. silicone. In an embodiment, the
non-sticking material on the facing layer may be struc-
tured to form a pattern with holes on the facing layer.
[0040] While it may be that the facing layer is brought
into direct contact with the wound (it may then be denoted
the contact layer), there may be an embodiment, wherein
the wound dressing comprises one or more further layers
between the facing layer and the wound. Depending on
its functionality in the wound dressing, a person skilled
in the art will choose the material of the facing layer in
order to fulfil such functionality.

[0041] In an embodiment of the present invention, the
backing layer serves as a clothing protection. In an em-
bodiment, the backing layer thus is advantageously
made of a breathable, non-woven fabric or a breathable
film enabling breathing of the wound, but preventing
wound exudates from exiting the wound dressing and
contaminating a patient’s clothing. In a further embodi-
ment the backing layer, in particular when made of anon-
woven fabric, is hydrophobic.

[0042] In an embodiment of the invention, the backing
layer is a hydrophobic nonwoven based on polypropyl-
ene with a hydro head in a range from 40 cm H,O to 120
cm H,0, preferably in a range from 50 cm H,O to 80 cm
H,0. A backing fulfilling this requirement on the one hand
provides a good protection of a patient’s clothing while
on the other hand avoiding bacteria to enter into the
wound dressing. The hydro head in the sense of the
presentapplicationis the height of a vertical water column
standing on and above the surface of the material and
which the material can stand against before the water
passes through the material to the other side. The num-
bers given for the hydro head are measured according
to ISO 811:1981.

[0043] In an embodiment of the invention, the wound
dressing comprises a backing layer, e.g. a BTBS (breath-
able textile back sheet), folded such that it prevents side
leakage. An effective prevention of leakage can be
achieved by a tubular arrangement, wherein a circum-
ferential portion of the backing layer is folded around the
edges of the absorbent core such that it extends at least
partially below the absorbent core and overlaps the fac-
ing layer. The overlapping portion in direct contact with
the facing layer is fixed onto the same, e.g. by gluing.
Thereby a leakage of absorbed wound fluid at the side
portions of the wound dressing may be effectively pro-
hibited by backing layer, especially a BTBS backing lay-
er.

[0044] In an embodiment, the display is mounted on
or integrated with a backing layer of the wound dressing.
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In one embodiment, the display is generated by a printing
process. Since the surface structure of the backing layer
is in general not suited for a direct printing, the display in
one embodiment is printed on a substrate, which in turn
is mounted on or integrated with the backing layer. In
another embodiment, the backing layer is in a first step
prepared by applying a substrate, e.g. a plastic layer,
onto the backing layer. In a second step the display is
printed onto the prepared substrate on the backing layer.
In one embodiment, in afirst step alacquer layer is printed
onto the backing layer in order to smoothen the same.
Then in a second step a display is printed on the lacquer.
[0045] In order improve visibility of the display, the
same may be located on an extra area spaced apart from
the absorbent core. Thus, evenifthe portion of the wound
dressing with the absorbent core covering the wound is
covered by an additional bandage material, like a gauze
bandage, the extra area with the display still remains vis-
ible.

[0046] In an embodiment, the display is mounted on
orintegrated with a portion of the backing layer extending
laterally spaced apart from the absorbent core. Thus,
even in case further bandage materials cover the portion
of the wound dressing with the absorbent core that covers
the wound, e.g. a gauze bandage being warped around,
the display on the uncovered portion of the backing layer
remains visible. In general, the display may be attached
to any suitable surface of the dressing protruding laterally
from the wound dressing.

[0047] In one embodiment, the display is based on a
conducting polymer, preferably on PEDOT:PSS. Po-
ly(3,4-ethylenedioxythiophene) (PEDOT) is used as
coloring and counter electrode material in electrochromic
displays. The electrically conducting form of PEDOT is
obtained by chemical doping of the pristine conjugated
polymer, and charge neutrality is then maintained by an
excess amount of poly(styrene sulfonic acid) (PSS),
which is a polyanion. Hence, an air-stable and electrically
conducting polymer complex PEDOT:PSS is formed.
PEDOT:PSS is responsive to electrochemical reduction,
wherein not only the color of the material is switched, but
also the electronic conductivity. The corresponding color
change of the material is utilized in electrochromic dis-
plays. An electro-chromic display is based on electro-
chemical reactions on the electrodes. One electrode is
reduced and the other is oxidized. Upon changing the
oxidation state, the color is changed.

[0048] Usage of such a conducting polymer allows for
a printable display. This display may be operable at low
driving voltages of e.g. a voltage in a range from 1V to
3 V. The display also has the advantage of being energy
efficient, since it only requires an electric current during
update or change of the display. To update the display
a charge of only 200 nAh / cm2 may be needed. In one
embodiment according to the present invention, an up-
dating current is provided to keep the display in a high
contrast mode. In an embodiment, the display is further
resistant to sterilization methods used for wound dress-
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ings, like exposition to ethylene oxide gas.

[0049] In an embodiment, the at least one sensor is
adapted for determining data on moisture, moisture level,
pressure, temperature, and/or pH level.

[0050] Corresponding sensors provide an indication of
the moisture distribution and level within the wound
dressing. Based on these data, the appropriate time for
replacement of an almost used up wound dressing as
well as status information on the dressing and the wound
may be determined. In particular, leakage of the wound
dressing can thus be prevented.

[0051] In one embodiment, the sensor is adapted to
measure the moisture level in the wound bed, wherein
the sensor is placed under the facing layer.

[0052] Furthermore, data on temperature and pH level
of the wound can provide a suitable basis for conclusions
on the healing process of the wound. A measurement of
the pressure applied to the wound via the dressing and
e.g.an additional bandage may be used to judge whether
the applied pressure is too large, too small or suitable.
[0053] According to an embodiment, the sensor is lo-
cated between the facing layer and the backing layer,
wherein the sensor is preferably located at or integrated
with the facing layer, located at or integrated with the
backing layer, or located at or integrated with the absorb-
ent core.

[0054] A suitable position of the sensor strongly de-
pends on its nature. Temperature and leakage sensors
are in some embodiments located at or integrated with
the facing layer. A pressure sensor may be either located
at or integrated with the facing layer or the backing layer.
[0055] A moisture-detecting sensoris placed wherever
a local occurrence or level of moisture is to be deter-
mined. Leakage in general occurs at the facing layer,
which results in a need to have a sensor located periph-
erally between the facing layer and the absorbent core.
For detection of saturation, the sensor may instead be
placed at the backing layer to sense, when the fluid wets
through the absorbent core. To be able to detect pattern
of local saturation, there is a need to have sensors spread
over larger areas, e.g. in a net or matrix shaped pattern.
In one embodiment, moisture sensors are distributed ac-
cording to a 3D matrix pattern over the wound dressing,
thus providing information on the 3D distribution of mois-
ture within the dressing.

[0056] Pressure and temperature may be measured
based on determining changes in resistance. The mois-
ture may be measured by a potential generated due to
the contact between two electrodes of the sensor and an
electrolytic wound fluid, i.e. wound exudate.

[0057] A measurement of a moisture level is intended
to indicate, when it is time to replace a wound dressing.
The switching time of the corresponding sensors and dis-
play may be set on the order of minutes, since the wetting
process of an absorbent core, e.g. with superabsorbent
particles, is rather slow, i.e. occurs on similar time scales.
The display should be capable to show a corresponding
message for about 2 to 7 days, which is the usual period
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a wound dressing is applied to a wound. It may be ben-
eficial to have anicon, e.g. on the display, that is activated
and lights up as soon as the dressing is applied and/or
the sensor system/display is activated in order to indicate
that the same are working.

[0058] In an embodiment of the invention, at least one
sensor determines the absolute temperature in order to
fulfill the need to indicate and report changes in temper-
ature. In one embodiment, the sensor is adapted for a
temperature range of 32 °C to 43 °C. For displaying the
temperature in both °C as well as °F a switch device for
altering between the values may be provided. Switching
time of the sensor and/or display may be on the order of
minutes, since the change in temperature is a compara-
bly slow process. In one embodiment, a sensor for de-
termining the temperature is located in the center of the
dressing close to the surface of the wound. In one em-
bodiment, a temperature sensor is placed on or under
the facing layer in order to determine the temperature of
the wound as directly as possible.

[0059] A further parameter of interest is the absolute
pressure, in particular the pressure generated by apply-
ing the dressing onto the wound. Therefore, in an em-
bodiment of the present invention a pressure-determin-
ing sensor is provided, which is e.g. adapted for a pres-
sure range of 18 mmHg to 70 mmHg with a resolution of
5 mmHg, corresponding to a range of 2.4 kPa to 9.3 kPa
with a resolution of 0.7 kPa or a range of 0.4 psi to 1.4
psi. The pressure measured in mmHg may e.g. be visu-
alized in steps of 5 mmHg via the display. This enables
simpler drive electronics and a smaller number of display
segments. Switching time for sensor and display may
beneficially be on the order of seconds, e.g. one second,
in order to provide real time information on pressure dur-
ing fixation of the wound dressing on the wound. In one
embodiment, one sensor is located close to the backing
ofthedressing, i.e.close to, on orunderthe backing layer.
[0060] In order to avoid a need for calibration of each
single sensor before applying the wound dressing, use
of sensors with only small variations in production is ben-
eficial.

[0061] In one embodiment of the present invention,
thermistors and thermocouples are used as temperature
sensors. Thermistors may be NTC (negative tempera-
ture coefficient) as well as PTC (positive temperature co-
efficient). In order to apply those sensors to the wound
dressing preferably printable ink with thermistors may be
used, e.g. nano silicon based ink with NTC thermistors.
In one embodiment, a printable ink for inkjet printer is
used to create a sensitive thermistor. The firstlayer there-
of consists of conductors made of silver and the second
layeris made of nickel oxide (NiO) that act as a thermistor
due to the semiconducting behavior that changes, when
exposed to variations in the temperature. In another em-
bodiment, thermistors are applied that can be surface
mounted (SMD) using conducting glue. The thermistor
may beneficially be encapsulated in glass for higher ac-
curacy and lower moisture sensitivity.
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[0062] Different types of pressure sensors may be
used for a wound according to the present invention, e.g.
piezo resistors, percolations resistors and quantum tun-
neling composites (QTC). In one embodiment, QTC ma-
terials, which change their electrical resistance under
pressure, are used in form of an in screen printable ink.
QTC materials are based on irregular particles that come
close to each other and provide tunneling of electrons
between the particles. The materials used to create the
particles are e.g. based on Nickel, Copper and Gold. The
more particles come close together, the lower the resist-
ance is.

[0063] Accordingtoanembodiment, the sensor and/or
display is arranged on a substrate. In a further embodi-
ment, the sensor and the display are arranged on a com-
mon substrate.

[0064] In one embodiment, the substrates used for
printing on the electronics of the wound dressing are e.g.
be PET (polyethylene terephthalate) or PC (polycar-
bonate). The components are applied, e.g. printed, to the
substrate, which afterwards is fixed to the wound dress-
ing. In another embodiment, electronic components are
directly printed on the backing layer, wherein a substrate
in form of an extra dielectric layer has been deposited
prior to printing in order to smoothen the surface for the
printed electronics.

[0065] In one embodiment, the substrate is cut out as
small as possible in order minimize any interference with
the properties of the wound dressing.

[0066] In one embodiment, the substrate is a plastic
layer printed or laminated onto the backing layer in order
to create a surface thatis compatible with the electronics.
This advantagously kept as small as possible in order to
keep influence on the properties of the wound dressing
down to a minimum. The printed electronics are printed
on top of the plastic layer.

[0067] To generate a reliable picture showing on the
display the moisture level in different areas of the dress-
ing a large number of detection points, i.e. sensors, may
be used depending on the accuracy needed, for example
50 measure points per 50 cmZ2. In one embodiment, the
concentration varies locally, e.g. less in the middle and
more around the wound to follow the moisture gradient
and the status of the wound exuding. Thereby, a picture
indicating the status of wound healing or re-epi-theliali-
zation may be provided on the display.

[0068] Accordingto an embodiment, the wound dress-
ing furthermore comprises a microcontroller and/or a da-
taloggerand/or an analog digital converter and/or a com-
munication interface. The data determined by a sensor
according to the present invention, i.e. the signal provid-
ed by such a sensor, may be converted from analog to
digital by an analog digital converter. In order to process
the data from different sensors and convert the same for
a suitable presentation on the display, a microcon-troller
and a data logger may be used. A communication inter-
face may be used to communicate with external devices
and thereby providing access to the data determined by
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the sensor. An example for such a communication inter-
face is a RFID device.

[0069] Examples for suitable chips are the C8051 F996
from Silicon Labs, not adapted for wireless communica-
tion, or the MLX90129 from Melexis, which can commu-
nicate using RFID/NFC. In addition, chips with a battery
assisted passive (BAP) configuration, like the RFID sen-
sor chip ANDY 100 from Farsens, may be used. Chips
adapted for wireless communication may harvest energy
from an RF beam emitted by a reader and may addition-
ally comprise an auxiliary battery.

[0070] In one embodiment, the microcontroller is
mounted using conducting glue and is located outside
the dressing next to the display, wherein the microcon-
troller is mounted on the same substrate as the printed
display and/ or sensors. In one embodiment, also a data
logger and/or an antenna are mounted in an analogous
way. Further electronic devices like data logger, analog
digital converter or communication interface may be
mounted similarly.

[0071] According to one embodiment, the wound
dressing comprises a chip, i.e. microcontroller, adapted
for wireless communication together with a correspond-
ing antenna. Chips adapted for wireless communication
with a wireless device, e.g. a smart phone, do not require
a battery in the wound dressing, due to power transmit-
tance through an antenna. In combination with a suitable
antenna design energy is harvested e.g. from the NFC.
Awireless communication offers the additional possibility
of easily visualizing the result on exterior displays.
[0072] According to another embodiment, the wound
dressing furthermore comprises a battery. For systems
including a battery, chips may be used that cannot com-
municate wirelessly.

[0073] In an embodiment, the battery is a galvanic cell
formed by the sensor, wherein the sensor comprises two
electrodes, i.e. an anode and a cathode, which are adapt-
edtobe activated by awound fluid. Wound fluid in general
consist to 0.9% of NaCl and is therefore suitable as an
electrolytic fluid for a galvanic element.

[0074] A galvanic element in terms of the present in-
vention is every combination of at least two different elec-
trodes and an electrolyte.

[0075] In an embodiment of the invention, the battery
is a passive battery, e.g. in form of a galvanic element,
which is activated by the wound fluid acting as an elec-
trolyte. The battery as provided by the wound dressing
does not comprise any electrolyte per se. Thus, in order
to generate voltage, the electrodes have to be exposed
to the wound fluid acting as an electrolyte.

[0076] In one embodiment of the present invention, a
passive battery is formed by a sensor comprising two
different electrodes. The sensorin turn provides a voltage
to drive a change of the display. Thus, the display is up-
dated by the sensor to indicate that it is time to change
the dressing, when wound fluid connects the two elec-
trodes of the battery generating a potential and a corre-
sponding voltage signal is transferred to the display.
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[0077] Three factors define the capability of a sensor
tofunction as a battery, which are the electrode materials,
capacity and the internal resistance. The choice of the
electrode material determines the theoretical voltage that
can be generated. The internal resistance influences the
practical output voltage generated from the sensor. The
capacity is determined by the amount of active material
used in the electrode, which needs to contain enough
charge carriers to update the display.

[0078] According to one embodiment of the invention,
the sensor is printed by using a mixture of ink with metal
oxides, wherein for cathode and anode different types of
oxides are used.

[0079] Materials for the anode may be zinc provided
as a coating on carbon or zinc blended with carbon at
different ratios and for the cathode MnO, blended with
carbon at different ratios or Ag,O blended with carbon
at different ratios.

[0080] In one embodiment, a material combination for
the electrodes is zinc in combination with PEDOT:PSS.
The zinc particles are mixed with carbon in order to obtain
a uniform conductivity in the electrode. Furthermore, zinc
and silver oxide are used as electrode materials. The
silver oxide may preferably be divalent (AgO) or mono-
valent (Ag,0) silver oxide. The conductivity of the mono-
valent silver oxide is however rather poor. To increase
the conductivity of the silver oxide, it may be mixed with
carbon powder. Since for an application according to the
present invention with a low energy display no powerful
battery is needed, the carbon may instead be mixed with
silver oxide.

[0081] In another embodiment, Zn/MnO, electrodes
are used, wherein the MnO, is e.g. blended with carbon
to achieve a higher conductivity. In yet another embodi-
ment, a Fe/AgO combination is used, providing high re-
liability, long life and better durability. Iron and silver oxide
are mixed in a carbon ink to achieve functionalized elec-
trodes.

[0082] Furthermore, in one embodiment a bio fuel cell
is used, which is triggered by the wound fluid. This tech-
nology is based on enzyme reactions or bacteria that
mimics the interactions found in nature.

[0083] In one embodiment, an autonomous battery is
provided. It is advantageous to use an all-printed power
source, which is thin and flexible, e.g. based on zinc and
manganese dioxide with zinc chloride as an electrolyte.
[0084] Even in case of embodiments comprising an
autonomous battery or antenna as power sources, for
the moisture sensor a similar sensor design may be used
as for the battery-like sensor concept. In those embodi-
ments, the sensor does not need to generate a certain
potential. It is sufficient to measure the change in imped-
ance as the absorbent core is absorbing moisture, where-
in an increasing amount of moisture will result in a de-
crease inimpedance. The electrodes in the sensors may
be based on silver, carbon, or conducting polymers,
which may be patterned using common printing technol-
ogies.
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[0085] In an embodiment, the electrodes are flat and
have a preferably circular, elliptical, rectangularor square
shape. In another embodiment, the electrodes are elon-
gated and form closed loops with a preferably circular,
elliptical, rectangular or square shape.

[0086] According to an embodiment, the wound dress-
ing comprises two or more sensors.

[0087] Taking into account the general propagation
path of the wound fluid in the wound dressing, sensors
may be formed and placed such that they are exposed
to moisture, when a certain level of saturation is reached.
Alternatively or additionally, a sensor may be placed such
that the fluid has to come in contact with the same, when
the fluid is going to leak out of the wound dressing.
[0088] According to an embodiment, the wound dress-
ing comprises at least two sensors, the electrodes of
which are arranged concentrically within in a common
plane and/or on parallel planes. The sensors will trigger
as soon as the liquid reaches a portion of the same. Thus,
activation of the sensors one after another provides in-
formation on the dynamical progress of the fluid within
the wound dressing.

[0089] In an embodiment comprising at least two sen-
sors, the electrodes are elongated, straight and extend
parallel to each other within in a common plane and/or
on parallel planes.

[0090] Inanembodiment, a plurality of sensors are po-
sitioned according to a 2D and/or a 3D matrix. Based on
the data gained by those sensor are 2D or 3D pictures
of the moisture distribution and its progress within the
wound dressing may be provided on the display. Accord-
ing to one embodiment, the absorbent core is formed by
at least three absorbent sub-layers, wherein at least two
sensors are arranged between different sub-layers.
Thereby a complex 3D distribution of sensors within the
dressing is implemented.

[0091] The above object is also solved by a method
for manufacturing a wound dressing comprising the steps
of printing a display, which is adapted to receive data
determined by at least one sensor in form of an electrical
signal and to display the received data, onto the wound
dressing and providing the at least one sensor.

[0092] The wound dressing may be provided accord-
ing a known methods for manufacturing. In an embodi-
ment, the wound dressing is prepared by applying a sub-
strate onto the same and the display is printed onto the
prepared substrate.

[0093] One embodiment of a method for manufactur-
ing a wound dressing according to the present invention
comprises the steps of providing an absorbent core, pro-
viding a facing layer, providing a backing layer, and lo-
cating the absorbent core between the facing layer and
the backing layer, preparing the backing layer by applying
a substrate onto the backing layer, printing a display,
which is adapted to receive data determined by at least
one sensor in form of an electrical signal and to display
the received data, onto the prepared substrate and pro-
viding the at least one sensor.
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[0094] Providing the sensor may include locating the
same at or integrated with the facing layer, the backing
layer or the absorbent core. According to one embodi-
ment, the backing layer is prepared and the display is
printed before the absorbent core is located between the
facing layer and the backing layer. In one embodiment,
the sensor is printed on the same substrate as the dis-
play. According to an embodiment of the invention, a fur-
ther substrate is applied to the backing layer or the facing
layer and the sensor is printed onto the further substrate.
In one embodiment, the absorbent core provided is
formed by sub-layers, wherein at least one sub-layer is
prepared by applying a substrate to the sub-layer and
the sensor is printed onto the prepared substrate.
[0095] As far as aspects of the present invention have
been described above regarding the wound dressing,
they also apply to a process for manufacturing such
wound dressing and vice versa.

[0096] Further advantages, features and applications
of the present invention will become apparent from the
following description of embodiments and the corre-
sponding figures attached.

Figure 1 shows a schematic top view onto the back-
ing side of a wound dressing with a display according
to a first embodiment of the present invention.

Figure 2 shows a schematic top view onto the wound
dressing of figure 1 from a facing side.

Figure 3 shows a schematic top view onto the back-
ing side of awound dressing with a laterally displaced
display according to a second embodiment of the
present invention.

Figures 4A to 4C show schematic cross-sectional
views along line A-A of figure 2 with different designs
of the pouch formed by the backing and facing layers.

Figure 5 shows a schematic drawing of a first sensor
arrangement with a single sensor in the form of a
closed loop.

Figure 6 shows a schematic drawing of a second
sensor arrangement comprising two sensors the
form of a closed loops.

Figure 7 shows a schematic drawing of a third sensor
arrangement comprising four strip-shaped sensors.

Figure 8 shows a schematic drawing of a fourth sen-
sor arrangement with a net structure.

Figures 9A and 9B illustrate a moisture determina-
tion procedure based on a single sensor with two

flat, rectangular electrodes.

Figures 10A to 10C illustrate a moisture determina-
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tion procedure based on two concentrically arranged
circular sensors.

Figures 11A and 11B show a schematic top view of
an adhesive bandage and a schematic cross-sec-
tional view along line B-B of figure 11A, respectively.

Figure 12 shows a schematic diagram of a circuit
with a microcontroller using an external reader and
an antenna as energy source.

Figure 13 shows a schematic diagram of a circuit
with a microcontroller using an autonomous battery
as energy source.

[0097] In the figures identical elements have been de-
noted by identical reference numbers. The figures only
represent schematic views and are not to scale.

[0098] Accordingtofigures 1 and 2, afirstembodiment
of a wound dressing 1 comprising features of the inven-
tion is schematically depicted.

[0099] Figure 1 shows a schematic top view of the top
side of a wound dressing 1 according to the present in-
vention. The top surface is formed by a backing layer 4
with a display 8 mounted thereon. In figure 2 the opposite
surface, i.e. the bottom surface, of the wound dressing
1 of figure 1 is shown. The bottom surface is formed a
facing layer 3.

[0100] In figure 3 an alternative embodiment of a
wound dressing 1 according to the present invention is
shown, wherein the display 8 is mounted on or integrated
within the top side of a portion 4’ of the backing layer
extending laterally spaced apart from the absorbent core
2 of the dressing 1. The portion 4’ shown in figure 3 is
arranged along a long side of the rectangular backing
layer 4. In an alternative embodiment, portion 4’ may be
positioned along any other side of backing layer 4. When
a wound dressing is additionally wrapped with further
dressing material like a gauze bandage a display mount-
ed on the backing layer 4 according to figure 1 may be
covered by the same. Thus, a display 8 located on an
extra portion of the backing layer 4 remains visible, even
if the portion of the wound dressing 1 covering the wound
is wrapped. The display may be placed on the top or the
bottom side of the portion 4’. Located on the bottom side,
the same may be folded around such that the top side
rests on the gauze bandage, where it may be additionally
fixed. Thus, the display 8 will be easily visible on top of
the gauze bandage. In general, the display 8 may be
placed on any arbitrary kind of substrate attached to the
wound dressing 1 and laterally projecting from the same,
such that the display 8 remains visible even if the rest of
the wound dressing 1 is covered by additional dressing
material.

[0101] The wound dressing 1 consists of a layered
structure which is best understood when considered with
reference to the cross-sectional drawings of figures 4A,
4B and 4C, showing three alternative embodiments of
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the layered structures comprised by the wound dressing
shown in figures 1 and 2.

[0102] The wound dressing 1 of figure 4A comprises
an absorbent core 2, which in this particular embodiment
has two sub-layers 2a, 2b made of tissue paper with a
superabsorbent polymer in the form of granular particles
dispersed between the two sub-layers 2a, 2b. The two
sub-layers together form the carrier layer of the absorb-
ent core. In order to manufacture the absorbent core 2
the superabsorbent particles are dispersed on a first sub-
layer 2b thereof and then the second sub-layer 2a is con-
solidated on top of the first sub-layer 2b providing a fix-
ation of the superabsorbent particles.

[0103] In order not to come into direct contact with the
wound on the one side and e.g. a clothing of the patient
on the other side, the absorbent core 2 is wrapped or
enveloped in a pouch formed by a facing layer 3 and a
backing layer 4.

[0104] The facing layer 3 in this particular embodiment
is made of a white hydrophilic non-woven fabric consist-
ing of polypropylene fibers in order to provide a good
transport of exudate from a wound to the absorbent core
2.

[0105] As an example, the backing layer 4 serves as
a clothing protection and is made of a green breathable,
hydrophobic non-woven fabric based on polypropylene.
The non-woven has a hydro head of 50 cm / H,0. This
backing layer 4 allows breathing of the wound while si-
multaneously preventing wound exudates from exiting
the wound dressing and contaminating a patient’s cloth-
ing.

[0106] Under the backing layer 4 a moisture determin-
ing sensor 5 is placed. This sensor 5 is in contact with
the absorbent core 2. When wound fluid is absorbed and
the absorbent core 2 reaches its saturation limit such that
its top surface becomes wet and fluid may exit, the sensor
5 provides a corresponding voltage signal to the display
8. The display 8 is updated and indicates that it is time
to replace the wound dressing 1 before it is completely
saturated such that no further wound fluid is absorbed
and the healing process may be negatively influenced.
[0107] In figure 4A the facing layer 3 and the backing
layer 4 have been joint together by two seams 18, 19
extending above the absorbent core. In order to do so,
the facing layer 3 has been folded in parallel to its long
edges such that it also extends above the absorbent core
2 and it partly covers the top surface of the absorbent
core 2. Furthermore, the facing layer 3 entirely covers
the bottom surface of the absorbent core 2.

[0108] A location of the seams in an area above the
absorbent core 2, i.e. in a position where the facing layer
3 and the backing layer 4 overlap above the absorbent
core 2, has the advantage that no reddening due to stiff
edges along the long side of the wound dressing 1 occur.
When considered in a cross-section along the line A-A
of figure 2 the wound dressing 1 thus has a tubular struc-
ture as shown in figure 4A.

[0109] Different designs of sensors 5, e.g. moisture
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sensors, may be used in combination with each other.
Furthermore, in one embodiment with an absorbent core
2 comprising at least two core layers 2a, 2b, the sensors
5 may be placed between both layers 2a, 2b. In embod-
iments with more than two core layers, the sensors 5 may
be placed between different core layers, i.e. on different
levels in the wound dressing 1. Sensors 5 distributed in
three dimension over the wound dressing 1, e.g. between
different core layers, allow to gain and display information
on the development of the saturation status and the mois-
ture distribution in 3D.

[0110] In addition, a wound moisture level detection
sensor 5 may be provided detecting the moisture degree
in different areas of the wound dressing corresponding
to different areas of the wound as well as around the
same. The moisture level may be determined by imped-
ance measurements and e.g. translated into micro-
gram/cmZ or similar. By using an advanced sensor sys-
tem with an adequate chip solution, both leakage and
saturation degree as well as moisture level in the wound
may be displayed.

[0111] Infigure 4B an embodimentof the wound dress-
ing 1'with an alternative arrangement of the layered struc-
ture is shown. The cross-sectional view along a line cor-
responding to the line A-A of figure 2 again illustrates a
tubular structure. However, in this alternative embodi-
ment the backing layer 4 has been folded in parallel to
its long edges such that it extends beneath the absorbent
core 2 and partly covers the bottom surface of the ab-
sorbent core 2. Furthermore, the backing layer 4 entirely
covers the top surface of the absorbent core 2.

[0112] As the embodiment of figure 4A, the embodi-
ment of figure 4B avoids reddening due to stiff edges
along the long side of the wound dressing 1’ occur. Fur-
thermore, the tubular structure of the breathable, hydro-
phobic backing layer 4, preferably made of a BTBS ma-
terial, effectively minimizes the risk of a lateral leakage
of wound fluid.

[0113] Finally, figure 4C shows a standard arrange-
ment for the connection of backing layer 4 and facing
layer 3 attached to each other via overlapping seams 18,
19 extending circumferentially around the absorbent core
2. The present invention may be advantageously applied
even to those standard wound dressings 1".

[0114] Figure 5 shows an embodiment of the invention
with a single sensor 5 adapted as a leakage sensor lo-
cated under the facing layer. The sensor 5 is electrically
conductive interconnected with a display 8. This sensor
5 may e.g. be applied to any wound dressing of figures
4A to 4C. The backing layer 4 consist of a hydrophobic
sandwich material, while the facing layer 3 is made of a
hydrophilic sandwich material. To reduce the risk of leak-
age from the start, a BTBS back facing 4 with a reversed
tube design as shown in figure 4B may be used. The
sensor 5 comprises an anode 15 and a cathode 16 ex-
tending parallel to each other around the edges of an
imaginary rectangle. The electrodes 15, 16 comprise a
line structure, which extends parallel and spaced apart
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from the edge of the wound dressing 1. In one embodi-
ment, it may be placed about 10 to 30 mm from the edge,
in one embodiment the electrodes may be placed up to
50 mm from the edge. When the wound fluid spreads
within the wound dressing, it will ultimately reach the two
electrodes 15, 16 of the sensor 5 and establish an electric
contact between them. Thus, the galvanic element con-
stituted by the anode 15, the cathode 16 and the elec-
trolytic wound fluid will be activated and a corresponding
potential is generated. The resulting voltage signal will
update the display 8. The display 8 may show a percent-
age value of the saturation degree of the dressing 1, de-
pending on the position and size of the sensor 5 e.g.
70%, 80%, 90% or up to 100%. The larger the closed
loop formed by the sensor 5 is, the larger the saturation
level of the wound dressing 1, which has to be reached
such that wound fluid comes into contact with electrodes
15, 16. The sensor 5 is preferably arranged such that the
display 8 indicates a saturation degree sufficiently below
100% toindicate intime thatitis time to change the dress-
ing 1.

[0115] The embodiment, schematically showninfigure
6, corresponds to the one according to figure 5 except
for the fact that in figure 6 two concentrically arranged
sensors 5 and 6 are provided. Both sensors 5 and 6 are
adapted for moisture determination and designed as gal-
vanic elements to be activated by wound fluid. The first,
inner sensor 6 may be located spaced apart from the
edge of the wound dressing 1 such that the enclosed
area corresponds to about 30 % to 60 % of the absorbent
core area, while the second, outer sensor 5 may enclose
about 70 % to almost 100 % of the absorbent core area.
Thus, when wound fluid exits the core 2 and reaches the
backing layer 4, the inner sensor 6 will in general be ac-
tivated first, giving a progress report of the saturation
status of the dressing 1. When the wound fluid spread,
the outer sensor 5 will ultimately be activated, indicating
that the dressing 1 has to be replaced soon. The result
of the two sensors 5, 6 may be displayed in the same
segment of the display 8. They may alternatively be dis-
played in different segments of the display 8 or there may
be provided more than one display 8, thus displaying
every result on a different display 8. Compared to the
embodiment according to figure 5, the embodiment of
figure 6 provides more information regarding need for
change of the dressing 1, in particular about the progress
of saturation. Furthermore, it may allow for a better un-
derstanding, when maceration starts.

[0116] Figure 7 is a schematic diagram of a sensor
arrangement according to the present invention with four
identical straight strip-like sensors 5 arranged parallel to
each other. Those sensors may be placed on or under
the backing layer 4 of a wound dressing 1. There may
be more or less stripes provided depending on necessity,
e.g. 4 to 10 stripes. Each stripe comprises an anode 15
and a cathode 16, extending parallel too each other. Ar-
ranged at the backing layer 4 of the dressing 1, those
sensor stripes are provided for detecting a strike through
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of wound fluid, especially if the backing layer 4 comprises
hydrophilic materials. When the fluid has spread upwards
through the dressing 1 and reaches the backing layer 4,
each single sensor 5 will send a signal to the display 8
as soon as it is activated by contact with the electrolytic
wound fluid. In one embodiment, the display 8 provides
a light for every sensor 5. In another embodiment, the
display 8 comprises no light sources, but is based on a
change of contrast, e.g. the color changes from a light
blue to a deep blue. In such an embodiment, the display
8 may provide a color changing segment for each sensor
5. Thus, the lights in the display 8 will be turned on one
by one, when the fluid strikes through, indicating an im-
mediate need for replacement of the dressing 1. This
sensor arrangement provides for a better understanding,
when the dressingis filled up and when maceration starts.
[0117] In an embodiment of the present invention, the
sensor arrangements as shown in figures 5, 6, and 7 may
also be combined with each other.

[0118] In figure 8, an embodiment of a combined sat-
uration and leakage sensor 5 based on a net-like struc-
ture is shown. The net 5 may comprise a plurality of single
sensors arranged at the knots of the net 5. Alternatively,
the net structure may be formed by a single sensor 5, i.e.
every thread of the net is formed by a stripe comprising
two electrodes 15, 16. Considering the net 5 as a matrix
structure, from knowing which columns and which rows
have been activated, it may be derived, where the wound
fluid spreads over the net area.

[0119] This embodiment is based on a chip solution
with an active battery (not shown), wherein the sensor(s)
5 measure local impedances. The mesh size may be
adapted as needed. The chip receives those signals on
impedance and converts the same to the display 8. The
net 5 may be placed above or below a portion of or the
complete backing layer 4 and/or above or below a portion
of or the complete facing layer 3. The covered area may
e.g. reach from about 40% up to 90% of the backing layer
4 and/or facing layer 3. A smaller area covered by the
net 5 requires a smaller battery capacity and thus allows
for cheaper solution, while a larger area gives a more
complete picture of the dressing status. This sensor 5
may show a real time picture of the saturation degree in
the dressing 1, which helps the nursing staff to under-
stand what is happening in the wound due to maceration
and to judge when it is time to replace the dressing 1.
The results may be displayed on a display 8 as an e.g.
color-coded picture of the real time distribution of the sat-
uration degree over the complete net area or as a %-
value for the complete net 5. Furthermore, the sensor 5
may detect the moisture level in different areas of the
wound and around the wound. This information, when
displayed by the display 8, may help a specialist nurse
to understand the moisture status in the wound.

[0120] Figures 9A and 9B illustrate the method of de-
tecting moisture via a sensor 5 formed as a galvanic el-
ement. In Figure 9A a single sensor 5 comprising an an-
ode 15 and a cathode 16 is shown, both electrodes in
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the form of flat rectangular elements. Without any elec-
trolytic fluid establishing an electrically conductive inter-
connection between the two electrodes 15, 16, the dis-
play 8 indicates nothing. When wound fluid 17 spreads
between the anode 15 and cathode 16, an electrical con-
tact is established and based on the resulting potential
a voltage signal is transferred to the display 8. Thereby,
the display 8 is updated and indicates that a certain sat-
uration level has been reached. The display may e.g.
indicate that the dressing 1 is almost entirely saturated
and must be replaced soon.

[0121] Infigures 10A to 10B, a detection and determi-
nation method for a sensor arrangement corresponding
to the one shown in Figure 6 is illustrated. A schematic
diagram of two concentrically aligned circular shaped
sensors 5, 6 is shown, wherein the fluid may enter in the
middle and then diffuse laterally towards the sensors 5,
6. The sensors 5, 6 are formed as galvanic elements. As
long as no electrolytic fluid has reached any of the elec-
trodes 15, 16, no signal is transferred to the display 8.
Again, signals of the two sensors 5, 6 may be displayed
in the same segment of a display, in different segments
of the same or even on different displays. As soon as
wound fluid 17 has reached the first sensor 6, the corre-
sponding galvanic element is activated and on display 8
an information, e.g. a %-value, is shown indication the
saturation level corresponding to the first sensor 6. Thus,
exposure of the inner rings to the fluid 17 may result in
triggering a first level note of "50%" on display 8. When
more fluid 17 is absorbed and the same spreads further,
it comes in contact with the second senor 5, resulting in
a second information displayed on display 8, e.g. a %-
value of the saturation level corresponding to the second
sensor 5. For example, "100%" may be shown on the
display 8, indicating an immediate need for replacing the
wound dressing 1. The second information may be
shown in addition to the first one or replace the first one.
Thereby, information on the moisture distribution over
time is provided.

[0122] Infigures 11A and 11B a wound dressing 11 in
form of an adhesive bandage or plaster is shown. Figure
11A shows a schematic top view of the top side of an
adhesive bandage 1 according to the present invention.
The top surface is formed by a backing layer 4 with a
display 8 mounted thereon. The adhesive bandage 1 of
figure 11B, which shows a schematic cross-sectional
view along line B-B of figure 11A, comprises a backing
layer 4. On the backing layer 4 a display 8 is mounted,
under the backing layer 4 an absorbent pad 20 is located.
The bottom side of the backing layer 4, which laterally
extends beyond the absorbent pad 20, is provided with
a self-adhesive film 21. These sections of the backing
layer 4 with the adhesive film 21 are intended to be at-
tached to a patient’s skin, while the backing layer 4 pre-
vents direct contact between the absorbent pad 20 and
a patient’s clothing. A sensor 5 is located between the
backing layer 4 and the absorbent pad 20. The sensor 5
is e.g. a moisture determining sensor. This sensor 5 is
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in contact with the absorbent pad 20 and provides a cor-
responding voltage signal to the display 8, when fluid
leaks fromthe absorbent pad 20. The display 8 is updated
and indicates that it is time to replace the adhesive band-
age 1.

[0123] Figure 12 shows a diagram of a circuit compris-
ing a chip, i.e. microcontroller 9, that wirelessly commu-
nicates with and harvests energy from an external reader
12, e.g. a RF reader, when it is time for a measurement.
Therefore, an antenna 11 is provided for communication
between the external reader 12 and the microcontroller
9 via a data logger 10. There may also be analog digital
converter (not shown) provided for converting analog
sensor signals to digital data. There are two sensors 5
and 6 provided within awound dressing 1, e.g. a pressure
and a temperature sensor, providing information on the
temperature and applied pressure via date logger 10 and
microcontroller 9 to the display 8. A moisture sensor may
alternatively or additionally be provided at the same lo-
cation as sensors 5 and 6 within the circuit. Besides being
communicated with the patient by the display 8 of the
wound dressing 1 the result can additionally be displayed
on an external reader 12 such as a smart phone. With a
chip 9 harvesting energy from the external reader 12,
there is no need for a battery, which lowers the costs and
simplifies recycling of the final product.

[0124] Figure 13 shows an alternative embodiment of
a circuit according to the present invention. The circuit
of figure 13 uses a printed battery 13 as an energy source
for power supply. The microcontroller 9 performs the
measurements on the sensors 5, 6, 7 and displays the
result on the display 8. There may also be analog digital
converter (not shown) provided for converting analog
sensor signals to digital data. This circuit provides a trig-
gering function via switch 14 in order ensure for the bat-
tery 13 to last the shelf time needed. A time triggering
function may be implemented by starting the circuit when
the wound dressing 1 is mounted and then showing the
results at specific times/time intervals or the result is dis-
played, when activated via an additional activation
means like a push button. In the embodiment according
to figure 13, three sensors 5, 6, 7 are provided, which
are e.g. a pressure, a temperature as well as a moisture
sensor.

[0125] For purposes of original disclosure it is pointed
out that all features which are apparent for a person
skilled in the art from the present description, the figures
and the claims, even if they have only been described
with further features, could be combined on their own or
together with all the combinations of the features dis-
closed herein, if not excluded explicitly or technically im-
possible. A comprehensive explicit description of all pos-
sible combinations of features is only omitted in order to
provide readability of the description.
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, 1" wound dressing

2 absorbent core

2a, 2b absorbent sub-layer

3 facing layer

4, & backing layer

56,7 sensor

8 display

9 microcontroller

10 data logger

11 antenna

12 external reader

13 battery

14 switch

15 anode

16 cathode

17 wound fluid

18, 19 seam

20 absorbent pad

21 adhesive film

Claims

1. A wound dressing (1, 1’, 1") characterised in that
the wound dressing (1, 1°, 1") comprises at leastone
sensor (5, 6, 7) and a display (8), which is adapted
to receive data determined by the sensor (5, 6, 7) in
form of an electrical signal and to display the received
data.

2. A wound dressing (1, 1’, 1 ") according to claim 1,
characterised in that the wound dressing (1, 1’, 1")
comprises an absorbent core (2), a facing layer (3),
and a backing layer (4), wherein the absorbent core
(2) is located between the facing layer (3) and the
backing layer (4).

3. A wounddressing (1, 1’, 1 ") according to claim 1 or
2, characterised in that the display (8) is mounted
on or integrated with a backing layer (4) of the wound
dressing (1, 1,1 ").

4. A wound dressing (1, 1’, 1 ") according to claim 3,
characterised in that the display (8) is mounted on
or integrated with a portion (4’) of the backing layer
extending laterally spaced apart from the absorbent
core (2).

5. A wounddressing (1, 1’, 1") according to any of the
proceeding claims, characterised in that the at
least one sensor (5, 6, 7) is adapted for determining
data on moisture, moisture level, pressure, temper-
ature, and/or pH level.

6. A wound dressing (1, 1’, 1 ") according to any of

claims 2 to 5, characterised in that the sensor is
located between the facing layer (3) and the backing
layer (4), wherein the sensor (5, 6, 7) is preferably
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located at or integrated with the facing layer (3), lo-
cated at or integrated with the backing layer (4), or
located at or integrated with the absorbent core (2).

A wound dressing (1, 1’, 1") according to any of the
preceding claims, characterised in that the sensor
(5, 6, 7) and/or the display (8) are arranged on a
substrate, in particular on a common substrate.

A wound dressing (1, 1’, 1") according to any of the
preceding claims, characterised in that the wound
dressing (1, 1°, 1") furthermore comprises a micro-
controller (9) and/or a data logger (10) and/or an an-
alog digital converter and/or a communication inter-
face (11).

A wound dressing (1, 1’, 1") according to any of the
preceding claims, characterised in that the wound
dressing (1, 1°, 1 ") furthermore comprises a battery
(13).

A wound dressing (1, 1’, 1") according to claim 9,
characterised in that the battery is a galvanic cell
formed by the sensor (5, 6, 7), wherein the sensor
(5, 6, 7) comprises two electrodes (15, 16), which
are adapted to be activated by a wound fluid (17).

A wound dressing (1, 1°, 1") according to claim 10,
characterised in that the electrodes (15, 16) are
elongated and form closed loops with a preferably
circular, elliptical, rectangular or square shape.

A wound dressing (1, 1’, 1") according to any of the
preceding claims, characterised in that a plurality
of sensors (5, 6, 7) are positioned according to a 2D
matrix and/or a 3D matrix.

A wound dressing (1, 1, 1 ") according to any of
claims 2 to 12, characterised in that the absorbent
core (2) is formed by at least three absorbent sub-
layers (2a, 2b), wherein at least two sensors (5, 6,
7) are arranged between different sub-layers.

A method for manufacturing a wound dressing (1,
1’, 1"), characterized in that it comprises the steps
of printing a display (8), which is adapted to receive
data determined by at least one sensor (5, 6, 7) in
formof an electrical signal and to display the received
data, onto the wound dressing (1, 1, 1") and
providing the at least one sensor (5, 6, 7).

A method for manufacturing a wound dressing (1,
1’,1"), characterized in that it comprises the steps:

providing an absorbent core (2),

providing a facing layer (3),

providing a backing layer (4), and

locating the absorbent core (2) between the fac-
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ing layer (3) and the backing layer (4),
preparing the backing layer (4) by applying a
substrate onto the backing layer (4),

printing a display (8), which is adapted to receive
data determined by at least one sensor (5, 6, 7)
in form of an electrical signal and to display the
received data, onto the prepared substrate and
providing the at least one sensor (5, 6, 7).
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