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(57) ABSTRACT

The subject matter of the present invention is a system for
measuring interface pressure exerted on the skin, that is in
particular of use in compression therapy, characterized in that
it comprises:—a supporting member bearing sensors, includ-
ing at least two pressure sensors spaced out on the supporting
member in order to make it possible to measure the pressure
exerted at two predetermined positions;—an electronic sys-
tem connected to the sensors and capable of acquiring the
values simultaneously measured by these sensors; and in that
each pressure sensor comprises a transducer element, which
is preferably substantially flat, said transducer element hav-
ing a surface intended to come into contact with the skin in the
operating position, either directly or by means of a layer of a
material covering said surface of the transducer, the elastic
modulus of compression of said transducer or of said inter-
mediate layer, measured at the surface intended to come into
contact with the skin, being between 30 and 500 kPa, prefer-
ably between 80 and 400 kPa and more preferably between
200 and 400 kPa. Use: compression therapy.
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INTERFACE PRESSURE MEASUREMENT
SYSTEM

[0001] The present invention generally relates to an inter-
face pressure measurement system, in particular pressure
exerted on the skin. It is particularly applicable in the medical
field for compression therapy.

[0002] Compression therapy is recognized as an effective
technique in the treatment of disorders associated with
venous insufficiency, such as thromboses, edemas, lymphe-
demas or leg ulcers.

[0003] This therapy is based on the positioning of various
compression devices such as compression stockings or ban-
dages, the variable elasticity characteristics of which make it
possible to choose the therapeutic pressure window to be used
according to the patient and his pathologies.

[0004] A compression device such as a bandage must meet
two objectives: 7

[0005] firstly, it must apply a suitable pressure upon
placement; and

[0006] on the other hand, it must maintain this pressure
level for several days within a given therapeutic pressure
range, so as to avoid having to reposition the bandage or
to use a new one.

[0007] Forabandage to be effective, it is therefore not only
necessary to have been correctly positioned but also for the
patient to accept having to keep this bandage on for several
days and to follow the recommendations of the clinical staff,
for example by carrying out physical exercises, such as walk-
ing in the case of preventing venous thrombosis.

[0008] For maximum effectiveness, the compression sys-
tem must be retained for 5 to 7 days and must apply a pressure
gradually decreasing upwards along the leg, the resulting
pressure gradient enabling the blood to be forced to rise
upwards and not to stagnate. To give an example, the applied
pressure may vary between a high value of around 30 to 40
mm of mercury at the malleoli of the ankle and a low value of
around 15 to 25 mm of mercury in the upper part of the calf
close to the knee.

[0009] Maintaining a pressure differential between the
ankle and the calf is essential for treatment effectiveness.
[0010] However, the compression systems currently avail-
able do not include means for measuring this pressure differ-
ential. In addition, these systems do not make it possible to
know the exact pressure applied or to follow its variation over
the course of time, and consequently they cannot detect pos-
sible underpressure or overpressure problems.

[0011] Clinical staff are therefore incapable at the present
time of monitoring or verifying whether the patient is follow-
ing his treatment (physical exercise, wearing or removal of
the compression system, etc.).

[0012] Therefore the use of these known compression sys-
tems is far from optimal.

[0013] There is therefore a strong demand, in the compres-
sion therapy field, for the development of a pressure measure-
ment system for:

[0014] checking that the pressure exerted by the com-
pression system is optimal not only at the moment of
positioning it but also over the course of time;

[0015] checking that the ankle-calf pressure gradient
remains optimal during the treatment;

[0016] detecting possible problems due to overpressures
or underpressures; and
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[0017] recording the data over the course of time so as to
allow the clinical staff to check that the patient has
followed the treatment.

[0018] However, producing such a pressure measurement
system comes up against many technical obstacles.

[0019] One of the main difficulties to be solved lies in
developing a sensor for satisfactorily measuring the interface
pressure exerted between the skin and the compression sys-
tem.

[0020] Specifically, this sensor must:

[0021] be very sensitive so as to allow low pressures
lying in the range varying from 1 to 120 mm of mercury,
and in particular from 5 to 60 mm of mercury, to be
measured with great accuracy, of the order of 1 mm of
mercury;

[0022] be robust so as to be able to withstand a 100%
overload (i.e. a pressure of 250 mm of mercury) without
deterioration;

[0023] be very linear;

[0024] allow reliable measurements to be taken over a
long period (several days); and

[0025] be capable of operating both in static mode (when
the patient is stationary) and in dynamic mode (when the
patient is moving) and, consequently, the sensor must be
capable of accurately measuring very low pressures at
frequencies of the order of 1 hertz, corresponding to the
variations to be recorded when a person is walking, and
for very rapid variations in the applied pressure.

[0026] Thus, a satisfactory sensor, in the envisioned appli-
cation, must have at the very least good sensitivity and lin-
earity properties, both in static mode and in dynamic mode,
for very low pressure measurements.

[0027] Ithas been determined that the linearity in the pref-
erential measurement range (5-60 mm of mercury) must be
ideally greater than 0.95 and even more preferably equal to or
greater than 0.98. This is because if the sensor is not linear, to
obtain easily exploitable results will require the use of an
associated electronic system incorporating correction devices
for making the electrical output signal proportional to the
variations in the measured pressure values. The resulting
system will be more complex and of higher manufacturing
cost.

[0028] To enable very low pressures to be accurately mea-
sured for very rapid variations in the applied pressure, such as
those observed when a person is walking, the surface of the
sensor must advantageously have a low remanence, i.e. it
must resume its initial shape and thickness in a very short time
when the exerted pressure has ceased, in order to make a
correct measurement when the next pressure is applied.
[0029] An ideal sensor must also be flexible and its surface
must be able to adapt to the patient’s morphology, to the
nature and to the surface finish of the limb (bone, muscle, fat)
to be treated.

[0030] The surface of the sensor must also adapt to the
pressure applied by the compression system, which is not
rigid. Specifically, this system consists of a band which,
depending on the shape and the firmness of the limb to be
treated, will deform not only the skin but also the sensor so as
to give it a curved shape. This phenomenon is known as the
“hammock effect”, referring to the shape adopted by the
sensor and the skin. The compressive forces induced by the
bandage are partly absorbed because of this hammock effect
and, under these conditions, a conventional pressure sensor
detects practically nothing.
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[0031] This is one of the reasons why a pressure measure-
ment system comprising many sensors is difficult to develop
in so far as each sensor would have to have specific properties
and the associated electronic system would have been
designed to manage a multitude of complex signals.

[0032] It is therefore necessary, because of the hammock
effect, to provide a pressure sensor in which the curvature
constraints have been minimized so as to ensure good distri-
bution of the forces exerted on the measurement surface.
[0033] However, this must be accomplished without sig-
nificantly increasing the thickness of the sensor so as to avoid
impairing its intrinsic properties, as described above.

[0034] Furthermore, too thick or too rigid a sensor runs the
risk of injuring the often fragile skin of the patient, in particu-
lar in the treatment of an ulcer.

[0035] As a result, the surface of an ideal sensor must
possess contradictory specific properties so as to ensure both
uniform and effective contact over this entire surface, by
having a certain rigidity for limiting the hammock effect, and
sufficient crush strength and specific flexibility so as to guar-
antee a reproducible linear signal over a long period.

[0036] As will be understood, the development of such a
pressure measurement system satisfying all the conditions
defined above is very complicated and this is one of the
reasons why producing an interface pressure measurement
system between a compression system and the skin, allowing
simple routine use thereof, has hitherto remained an unsolved
problem.

[0037] In this situation, the object of the present invention
was to solve the technical problem consisting in supplying a
pressure measurement system that can be used in particular in
the context of treatment by compression therapy, which
makes it possible for low pressures to be accurately measured
over several days, both in static mode (stationary patient) and
in dynamic mode (moving patient), and which is capable of
delivering a reproducible linear signal that can be easily
exploited by an electronic system and enables the effective-
ness of the treatment to be controlled.

[0038] Ithas been discovered, and this constitutes the basis
of the present invention, that it is possible to solve this tech-
nical problem in a satisfactory. and particularly simple man-
ner using at least two pressure sensors intended for simulta-
neously measuring the pressure being exerted at two
predetermined locations on the patient to be treated and in
which the material forming the active part of which, coming
into contact with the skin in the envisaged preferential appli-
cation, has a compressive elastic modulus within a selected
range of values.

[0039] Thus, according to a first aspect, the present inven-
tion relates to a system for measuring the interface pressure
exerted on the skin, especially useful in compression therapy,
characterized in that it comprises:

[0040] a supporting member bearing sensors, including
atleast two pressure sensors placed apart on the support-
ing member, so as to be able to measure the pressure
being exerted at two locations, one of which is predeter-
mined; and

[0041] an electronic system connected to the sensors and
capable of acquiring the values simultaneously mea-
sured by these sensors, and in that each pressure sensor
comprises a transducer element, which is preferably
substantially flat, said transducer element having a sur-
face intended to come into contact with the skin in the
use position, either directly or via an intermediate layer
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of a material covering said surface of the transducer, the

compressive elastic modulus of said transducer or of

said intermediate layer, measured at the surface intended
to come into contact with the skin, being between 30 and

500 kPa, preferably between 80 and 400 kPa and more

preferably between 200 and 400 kPa.

[0042] According to one particular feature of the invention,
the material constituting said aforementioned intermediate
layer is chosen from:

[0043] cellular materials, such as particularly foams,
preferably hydrophobic foams, such as for example
foams made of crosslinked polyethylene or foams made
of polyurethane, silicone, polyvinyl chloride, ethylene-
propylene diene copolymer or neoprene;

[0044] gels, preferably hydrophobic gels, such as for
example silicone gels or polyurethane gels; and

[0045] compounds based on thermoplastic, preferably
hydrophobic, polymers, such as for example compounds
consisting of triblock polymers and a plasticizer.

[0046] According to another particular feature of the inven-
tion, each pressure sensor is substantially flat and chosen
from resistive sensors, piezoelectric sensors, Hall-effect mag-
netic sensors and capacitive sensors.

[0047] According to another particular feature of the inven-
tion, the aforementioned electronic system comprises:

[0048] an onboard device connected to the supporting
member, preferably by being fixed thereto, and serving
for the acquisition and processing of the values mea-
sured by the pressure sensors, said device comprising
means for transmitting said values measured by the sen-
sors; and

[0049] aremote device comprising:

[0050] communication means compatible with the
transmission means of the onboard device and at least
transmitting the data from the onboard device to the
remote device, and

[0051] a processing circuit connected to a display
device.

[0052] The compression systems currently available also
suffer from the drawback of not being able to adapt to the
patient’s morphology (size of the leg, size of the calf) and to
the change in this morphology over the course of time, as for
example in the case of edema.

[0053] Inthis context, the object of the present invention is
also to solve the technical problem consisting in delivering a
pressure measurement system that can adapt to the morphol-
ogy of the patient and to the change in his pathology.

[0054] To solve this second technical problem, and accord-
ing to a first preferred variant, the supporting member of the
interface pressure measurement system according to the
invention is extensible.

[0055] The design itself of an extensible measurement sys-
tem with incorporated electronics poses many problems to be
solved.

[0056] The first difficulty lies in developing a system in
which the functionalities of the electronic circuit and the
conducting tracks thereof, which connect the various func-
tional elements (sensors, microprocessor, battery, etc.), are
not altered when the system extends.

[0057] Likewise, these functional elements must not
become disconnected from the supporting member when the
latter extends.
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[0058] Finally, the electronic circuit must possibly be pro-
tected so as, where appropriate, it can be partly or completely
reused.
[0059] These difficulties have been solved by various addi-
tional features of the invention which will be explained in
detail below.
[0060] Another object of the invention is to solve a third
technical problem.
[0061] This is because, in certain cases, in particular in the
case of the treatment of a chronic wound of the ulcer type, the
use of'a compression system faces the additional problem of
how to monitor the area to be treated, in this case the wound,
which is in fact covered by an absorbent dressing, itself con-
cealed by the bandage of the compression system.
[0062] If, during the treatment, the level of exudation from
the wound becomes greater than the absorption capacity of
the dressing, the exudates spill over the edge of the wound.
This may result, if this phenomenon is not rapidly detected, in
the maceration of the wound and impairment of the perile-
sional skin, slowing down or impairing the ulcer healing
process. In addition, contact between the bandage and the
exudates may cause the mechanical properties of the ban-
dage, and consequently its effectiveness, to deteriorate. Fur-
thermore, the appearance of stains on the bandage may induce
fear and psychological problems for the patient, which may
result in him refusing to use a bandage again.
[0063] Moreover, during very hot weather, swelling of the
legs, thereby modifying the pressure applied by the system,
and the patient very often tends to remove the bandage.
[0064] Measuring the moisture and/or temperature beneath
the bandage, in parallel with the pressure measurement,
would therefore make it possible to improve the overall effec-
tiveness of the treatment and allow the placement of the
bandage to be adapted to the change in environment of the
area to be treated.
[0065] Thus, to solve this third technical problem, and
according to a second preferred variant of the invention, the
supporting member further bears:

[0066] at least one moisture sensor; and/or

[0067] at least one temperature sensor.
[0068] According to a second aspect, the present invention
relates to a restraint or compression kit consisting of a
restraint or compression system and of an interface pressure
measurement system as defined above.

DETAILED DESCRIPTION OF THE INVENTION

[0069] The invention will be better understood on reading
the following explanatory description with reference to the
appended drawings in which:

[0070] FIG. 1 schematically illustrates an interface pres-
sure measurement system according to one embodiment of
the invention, this being placed on a leg, and shows the points
B1 and C between which the pressure differential is mea-
sured;

[0071] FIG. 1A is a figure similar to FIG. 1, illustrating an
interface pressure measurement system according to another
embodiment of the invention, placed on a leg;

[0072] FIG. 2 illustrates a supporting member provided
with conducting tracks according to one embodiment of the
invention;

[0073] FIG. 3 schematically illustrates the architecture of
the electronic system of the interface pressure measurement
system according to the invention;
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[0074] FIGS. 4A to 4C illustrate various embodiments of
antennas that can be used in the aforementioned electronic
system,

[0075] FIGS. 5A to 5D illustrate various embodiments of a
moisture sensor or detection system that can be used in the
context of the invention;

[0076] FIG. 6 illustrates one embodiment of an interface
pressure measurement system that includes a moisture detec-
tion system; and

[0077] FIG. 7 illustrates another embodiment of the inter-
face pressure measurement system shown in FIG. 6.

THE SUPPORTING MEMBER

[0078] Inthe context of the present invention, the support-
ing member of the pressure measurement system may be
made of any flexible material able to be made in sheet form
and capable of deforming so as to follow the shape of that part
of the body to be treated, for example a leg.

[0079] Such a material may for example be:
[0080] a fabric material, such as a woven, a nonwoven,
[0081] a knit or a 3D fabric;
[0082] a cellular material, such as a foam;
[0083] a film;
[0084] a complex combining two of these materials;
[0085] a polymer matrix, such as a silicone gel.
[0086] Asexamples of complex materials, mention may be

made of complexes consisting of the combination of a non-
woven and a film. Such materials may be produced by tech-
niques well known to those skilled in the art, for example by
application of an adhesive, by hot calendering or by ultrasonic
complexing.

[0087] Inthe context of compression therapy, in particular
for treating leg ulcers, it is important for the interface pressure
measurement system not to impair the patient’s skin, which is
often weakened or in a very poor state, in particular around
the ulcer.

[0088] The supporting member must therefore be thin, flex-
ible and above all nonocclusive, that is to say it must have a
water vapor permeability, measured according to the
EM-13726 standard, equal to or greater than 1000 g/m?/24 h.
[0089] In the context of the present invention, preferred
examples of supporting members are polyurethane nonwov-
ens and films.

[0090] According to one particularly preferred embodi-
ment of the invention, the supporting member is extensible,
preferably anisotropically extensible.

[0091] For this purpose, among the materials described
above, it will be preferable to choose those that have an
extensibility of around 10 to 20% in the longitudinal direction
and an extensibility of around 3 to 12% in the transverse
direction. It has been found that an extensibility of around 10
to 20% in the longitudinal direction makes it possible to
cover, using one or two products, all patient morphology
types.

[0092] TItisalso preferable to use an extensible material that
has alow modulus of elasticity so as to be able to reconcile the
advantages of extensibility with the capability of the support-
ing member to adhere to the skin, if said supporting member
is coated with adhesive in order to facilitate the placement
thereof.

[0093] Indeed, the lower the modulus of elasticity of the
extensible material, the lower its restoring force. A supporting
member having a relatively low modulus of elasticity, for
example around 40 N/cm or less, may thus remain in exten-
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sion for a time long enough for the clinical staff to be able to
place the compression system on said supporting member
easily.

[0094] According to a preferred variant of the invention,
this low modulus of elasticity may be obtained by forming
holes or empty areas in the extensible material constituting
the supporting member. Of course, these holes or empty areas
will be placed on the supporting member at suitably chosen
locations so as not to impair, as it is being extended, the
electronic connections and the conducting tracks possibly
present thereon.

[0095] As examples of particularly preferred extensible
materials, mention may be made of nonwovens or films based
on polyurethanes, polyetheresters (in particular the products
sold under the names HYTREL® or ARNITEL®), polya-
mides or polyetheramides.

Pressure Sensors

[0096] The interface pressure measurement system accord-
ing to the invention comprises an array of sensors borne by the
supporting member described above, including at least two
pressure sensors placed apart on the supporting member, so as
to be able to measure the pressure being exerted at two loca-
tions, one of which is predetermined.
[0097] The compression therapy is applied in most cases to
the lower limbs.
[0098] As an example, FIG. 1 therefore shows a system
designed to be placed on a leg.
[0099] In this case, the two aforementioned pressure sen-
sors will be advantageously fixed to the supporting member,
atlocations chosen in such a way that these sensors are placed
respectively in the use position of the measurement system:
[0100] on the one hand, at a predetermined location such
as the area referenced B1, where the Achilles tendon
attaches to the calf muscle (about 10 to 15 cm above the
malleoli); and
[0101] on the other hand, in any region lying “down-
stream” of the area B1 (i.e. above the area Bi, up along
the leg), preferably in the area referenced C where the
perimeter of the calf reaches its maximum.
[0102] The effectiveness of a compression system depends
in fact on maintaining a pressure gradient between these two
areas, the pressure in the area B1 having to be greater than the
pressure in the area located downstream of the latter so as to
guarantee that blood is forced upward and does not stagnate.
Consequently, it is extremely important to be able to measure
the pressure in these two areas.
[0103] Each pressure sensor advantageously meets specific
geometric criteria (surface area and thickness) and specific
metrology requirements (sensitivity and precision of the
order of 1 mm of mercury and reproducibility of the measure-
ments over several days).
[0104] Preferably, each sensor must be capable of with-
standing a 100% overload without being damaged, i.e. a
pressure of 250 mm of mercury.
[0105] To meet these constraints, it will be preferable to
choose a pressure sensor in which the active part (a transducer
optionally combined with an intermediate layer covering it):
[0106] is substantially flat;
[0107] has athickness of 3 mm or less under a stress 020
mm of mercury;
[0108] has a surface area of between 0.25 and 3 cm?; and
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[0109] makes it possible to measure an interface pressure
accurately over a range varying from 1 to 120 mm of
mercury and in particular 5 to 60 mm of mercury.

[0110] Thus, an optimum pressure sensor has a linearity of
greater than 0.95, preferably equal to or greater than 0.98,
over the range from 1 to 120 mm of mercury and in particular
from 5 to 60 mm of mercury.

[0111] To ensure reliable and reproducible measurements
over time, the inventors have also determined, and this con-
stitutes an essential feature of the invention, that the constitu-
ent material of the transducer or of the intermediate layer
covering it must have a compression elastic modulus mea-
sured on the surface intended to come into contact with the
skin of between 30 and 500 kPa.

[0112] This compression elastic modulus may be measured
using a tensile testing machine fitted with compression plates
according to the procedure described in the ISO 844 (2007)
standard.

[0113] Preferably, the constituent material of the trans-
ducer or of the intermediate layer covering it will have a
compression elastic modulus of between 80 and 400 kPa and
more preferably between 200 and 400 kPa.

[0114] Any type of pressure sensor, with the exception of
pneumatic sensors, may be used in the context of the inven-
tion.

[0115] The following sensors may thus be mentioned:
resistive sensors, piezoelectric sensors and capacitive sen-
sors, the electrical properties of which vary as a function of
the pressure exerted, and magnetic sensors that operate
according to the Hall effect.

[0116] In general, such sensors comprise:

[0117] on the one hand, an active part consisting of a
transducer element capable of converting the pressure
into a signal; and

[0118] on the other hand, a nonactive part comprising
conducting contacts or tracks capable of transmitting the
signal output by the transducer to a processing unit.

[0119] In the context of the present application, the term
“pressure sensor” therefore denotes the combination of a
transducer and the aforementioned conducting contacts or
tracks.

[0120] Inthe pressure sensors used according to the inven-
tion, the transducer directly converts the pressure that is
applied to it into a signal, for example an electrical or mag-
netic signal, by converting a variation in one of the intrinsic
physical characteristics of the transducer element such as, in
particular its resistance, its capacitance, its electric field or
else its QT (quantum tunneling) effect.

[0121] In these sensors, the transducer element, unlike
pneumatic sensors, comprises neither gas nor liquid.

[0122] Tt should be noted that the use of pneumatic sensors
cannot be envisaged in the context of the present invention:

[0123] firstly because such sensors are generally expen-
sive, bulky and complicated; and

[0124] secondly because their reliability is made uncer-
tain owing to possible variations, for example due to the
effect of temperature, in the properties of the gas or
liquid that they contain and risks of leakage should the
membrane enveloping this gas or liquid rupture.

[0125] Among resistive sensors that can be used in the
context of the present invention, the sensors sold by Tekscan
under the name FLEXIFORCE® and those sold by Interna-
tional Electronics and Engineering (IEE) under the name
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FSR® may be mentioned. Particularly, the sensors sold by
IEE under the name FSR® will be preferred.

[0126] Whatever the type of sensor used, taken from those
mentioned above, the surface and the thickness of these sen-
sors will have to be modified by the addition of an interme-
diate layer in order to optimize the contacts between the
transducer, the skin and the compression system so as to avoid
the hammock effect and thus ensure a linear and reproducible
measurement over time.

[0127] The sensors sold by IEE are force-sensing resistors.
Their structure is extremely simple. It is a multilayer structure
formed from two sheets of polymer laminated together which
enclose two electrodes and a resistor. The higher the pressure
applied to this structure, the more their resistance decreases.
These sensors are temperature-resistant and resistant to
chemicals and moisture. The technologies and the implemen-
tation of such sensors are for example described in the patent
applications WO 2006/79581 and WO 2006/58880 from the
company IEE.

[0128] To optimize the operation of these known sensors
and obtain the ideal compression elastic modulus, that face of
the transducer coming into contact with the skin must be
covered with a relatively thick layer of a material that has a
compressive elastic modulus of between 30 and 450 kPa.
[0129] These known sensors are flat, rigid and very thin, so
that they can be directly used in the envisaged application.
[0130] If necessary, both faces of the transducer may be
covered with identical or different materials, in particular
materials having a compressive elastic modulus of between
30 and 500 kPa. This enables the negative effect of the pres-
sure applied by the compressive system on the surface of the
sensor, on the opposite side to the skin, to be more signifi-
cantly reduced and thus enables better sensitivity and linear-
ity of the sensor to be achieved.

[0131] However, in the context of the present invention, a
sensor which is overly thick in’its active part (the transducer
covered with an intermediate layer) for example, the thick-
ness of which is greater than 5 mm, should be avoided as this
could make it difficult to fix it to the supporting member and
could damage the patient’s skin, which is often weakened.
[0132] In other words, the final structure of the sensor, and
in particular the thickness of its active part, will be chosen by
seeking the best compromise between its good compressibil-
ity and its sensitivity. Thus, if it is sought to measure low
pressures and low pressure variations, it will be preferential to
use a sensor, only the face of the transducer of which, coming
into contact with the skin, is covered with a material having a
compression elastic modulus of between 30 and 500 kPa and
in particular between 200 and 400 kPa.

[0133] Among the materials that can be used to obtain such
a compression elastic modulus, mention may be made of
cellular materials, such as for example physically crosslinked
polyethylene foams and in particular the foams of the
ALVEOQOLIT range sold by Alveo or those sold by Trocelen
under various references. These foams exhibit excellent
chemical resistance and are inert to water.

[0134] Polyurethane foams, silicone foams (for example
those sold by Poron under the references UL94HF or
UL94V0), PVC (polyvinyl chloride) foams, EPDM (ethyl-
ene-propylene diene monomer) foams and neoprene foams
may also be mentioned.

[0135] All these foams may be open-cell or closed-cell
foams.
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[0136] In the context of the present invention, it will be
preferable to use a hydrophobic foam so as to prevent tran-
spiration or exudates from the wound modifying their elastic
properties, their density, their compression modulus or even
their thickness, and it will be even more preferable to use a
hydrophobic foam without a plasticizer so as to avoid any
migration of toxic substances on the skin or in the wound.
[0137] In general, foams will be used that have a thickness
of between 0.3 and 5 mm, preferably between 0.5 and 1.5
mm, and a density between 25 and 250 g/m>, which will
preferably be combined with transducers having a thickness
of less than 0.8 mm, preferably less than 0.5 mm and even
more preferably less than 0.3 mm.
[0138] According to the currently preferred embodiment of
the present invention, each pressure sensor is an FSR® sensor
comprising a transducer having a thickness of 0.4 mm and an
area coming into contact with the skin at 2.27 cm? and bearing
a polyurethane foam (sold by Poron).
[0139] According to other embodiments of the invention,
this same FSR® sensor was covered with the following inter-
mediate layers:
[0140] a) a layer based on a mixture consisting of ther-
moplastic polymers and a plasticizer.
[0141] This mixture consisted of:
[0142] 88% by weight of a triblock copolymer sold by
Kraton under the name Kraton® G1651; and
[0143] 12% by weight of a mineral oil sold by Shell
under the name Ondina® 917.
[0144] This mixture was deposited in the form of a layer
having a thickness of 4.24 mm on the aforementioned FSR®
Sensor.
[0145] The elastic modulus of this layer was 240 kPa;
[0146] b) a layer based on a polyurethane foam sold by
Poron under the reference 4701-50-30031-04, having a
black color.
[0147] Fixed to an aforementioned sensor FSR®, using a
double-sided adhesive 90 pm in thickness (acrylic adhesive/
polyethylene terephthalate/acrylic adhesive), was a 0.8 mm-
thick layer of the aforementioned foam.
[0148] The compression elastic modulus of this foam layer
was 380 kPa;
[0149] c¢) a layer based on a polyurethane foam sold by
Poron, blue in color.
[0150] Fixed to an aforementioned FSR sensor, using a
double-sided adhesive 90 pm in thickness (acrylic adhesive/
polyethylene terephthalate/acrylic adhesive), was a 1.45 mm-
thick layer of the aforementioned foam.
[0151] The compression elastic modulus of'this foam layer
was 380 kPa; and
[0152] d) fixed to each of the two faces of an aforemen-
tioned FSR® sensor, using a double-sided adhesive 90
um in thickness (acrylic, adhesive/polyethylene tereph-
thalate/acrylic adhesive), was a 1.45 mm-thick layer of
the foams described in b) and c) above.
[0153] According to other embodiments of the invention,
the FSR® sensor in the embodiments described above was
replaced with a FlexiForce sensor with the reference 1-617-
464-4500, sold by Tekscan.
[0154] In all cases, the sensors thus modified proved to be
satisfactory for achieving the desired results.
[0155] These cellular materials are fixed to the transducer
of the sensor using known techniques, for example by hot
calendering, by ultrasound, if the components are meltable, or
by adhesion.
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[0156] Preferably, these cellular materials are fixed by
adhesion using a double-sided adhesive, for example an
acrylic-based adhesive, preferably having a thickness of less
than 200 pm, and even more preferably less than 100 pum.
[0157] Among other materials for adjusting the compres-
sion elastic modulus of the active surface of the sensor com-
ing into contact with the skin, mention may also be made of
gels, and in particular silicone gels or polyurethane gels. Asin
the case of foams, it will be preferable to use hydrophobic gels
so that their properties are not impaired by transpiration or
exudates.

[0158] Mention may also be made of compounds consist-
ing of thermoplastic polymers and a plasticizer. These ther-
moplastic polymers will be especially triblock polymers,
such as in particular the acrylic triblock polymers termed by
Kuraray “L A polymers”, triblock polymers of the ABA type
in which A represents styrene units and B represents butadi-
ene, isoprene, ethylene-butylene or ethylene-propylene units,
such as the products of the KRATON G and KRATON D
ranges sold by Kraton, the latter products being able to be
combined with a mineral oil.

[0159] Such compounds of thermoplastic polymers and a
plasticizer are well known to those skilled in the art.

[0160] These materials may be assembled with the trans-
ducer using the aforementioned techniques and in particular
by adhesion. To facilitate bonding and to guarantee the
strength of the bond, it will be preferable to use in this case an
adhesive having a chemical nature identical to that of the
material to be fixed, such as for example a silicone adhesive,
a polyurethane adhesive or a hot-melt adhesive based on an
acrylic triblock or ABA copolymer in order to assemble a
silicone gel, a polyurethane gel or a material based on triblock
copolymers and a plasticizer, respectively.

[0161] According to one embodiment, if it is desired to
apply a gel, or a material based on a triblock copolymer and a
plasticizer, to both faces of the transducer of the sensor, the
latter may be encapsulated, for example by molding, in said
gel or said material.

[0162] Finally, to facilitate contact between the sensor and
the skin, an adhesive gel can be applied directly to the trans-
ducer. Such a gel may especially be a silicone gel or an
adhesive based on a compound consisting of a triblock
copolymer, a plasticizer and a tackifying resin.

[0163] According to another embodiment, the sensor may
be used as such, if it has a suitable compression elastic modu-
lus, without adding any further material, on the face of the
transducer which comes into contact with the skin.

[0164] As an example of such sensors, mention may be
made of a Hall-effect sensor, the transducer of which takes the
form of a monolayer block of cellular material, for example
an ethylene/vinyl acetate foam, filled with magnetic particles
for converting the applied pressure into a measurable electri-
cal quantity.

[0165] Inthecase of such a sensor comprising a monolayer
transducer, it will be preferential to use a sensor in which the
transducer has a thickness of between 0.5 and 4.5 mm, pref-
erably between 1 and 3 mm.

The Electronic System

[0166] The interface pressure measurement system accord-
ing to the invention also includes an electronic system con-
nected to the pressure sensors and capable of acquiring the
values measured simultaneously by these sensors.
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[0167] It is the acquisition of these values that makes it
possible in particular for the differential pressure exerted by
the compression system, and consequently the effectiveness
thereof, to be controlled at any moment.

[0168] In the context of the present invention, the term
“electronic system” is understood to mean all of the elements
used to allow the necessary energy and data streams to be
exchanged in order to manage the measurements carried out
by the pressure sensors.

[0169] In general, this electronic system comprises:

[0170] at least one processing unit comprising a micro-
controller and a memory, said processing unit being
capable of acquiring and of processing the signals rep-
resentative of the values measured by the pressure sen-
sors; and

[0171] at least one power supply circuit comprising an
energy source and an energy converter/distributor
device.

[0172] According to a currently preferred embodiment of
the invention, this electronic system comprises:

[0173] an onboard device connected to the supporting
member, preferably by being fixed thereto, and serving
for the acquisition and processing of the values mea-
sured by the pressure sensors, said device comprising
means for transmitting said values measured by the sen-
sors; and

[0174] aremote device comprising:

[0175] communication means compatible with the
transmission means of the onboard device and at least
transmitting the data from the onboard device to the
remote device and

[0176] a processing circuit connected to a display
device.

[0177] The general architecture of this preferred electronic
system is illustrated in FIG. 3.

[0178] The onboard device 10 comprises a processing unit
11 comprising a microcontroller and transmission means 12
for transmitting said values measured by the pressure sensors
P, and P,, and also a power supply circuit comprising an
energy source 13 and an energy converter/distributor device
14.

[0179] The microcontroller of the processing unit 11, inte-
grates, filters, processes and digitizes the raw signals put out
by the pressure sensors P, and P,. It performs the analog/
digital conversion of these signals. It may also analyze these
signals by Fourier transforms or digital filters may be used
that are combined with software for checking the data in
certain events. It stores the standardization and calibration
data from the pressure sensors and the data measured by these
sensors. It controls the transmission of the data to the remote
device and correctly manages the energy distribution via the
energy converter/distributor device 14.

[0180] In the context of the present invention, any type of
microcontroller (or microprocessor) commonly employed in
the construction of electronic and microelectronic systems
may be used. Such products are for example sold by the
companies Texas Instruments, Microchip and NXP under the
names 8150, 16F690 and Coolflux respectively.

[0181] The remote device 20 comprises a processing unit
21 comprising a microcontroller, a memory 22, communica-
tion means 23 compatible with the transmission means 12 of
the onboard system, a display device 24 and a power supply
circuit comprising an energy source 26 and an energy con-
verter/distributor device 27.
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[0182] Communication between the onboard system and
the remote system may be by wire or wireless (radio module
and antenna) as in the example shown.

The Energy Source

[0183] In the context of the present description, the term
“energy source” is understood to mean any device capable of
delivering sufficient energy to power all the elements of the
interface pressure measurement system (sensors and elec-
tronic system).

[0184] In the case of a wire system, this energy may be
delivered for example from an electrical socket via a wire.
[0185] Inthe case of a wireless system, any type of energy
source commonly employed in measurement instruments
may be used, such as in particular disposable batteries,
rechargeable batteries or devices capable of collecting energy
from their environment, these being denoted by the term
“scavengers”. A scavenger may especially collect solar
energy or the energy produced by temperature gradients,
vibrations, movements, especially the movement of a person,
or electromagnetic phenomena. A scavenger converts the
energy thus collected into electrical (voltage, frequency, etc.)
data. This energy may be stored in a battery or a supercapaci-
tor that may be incorporated into the interface pressure mea-
surement system.

The Communication Means

[0186] According to a currently preferred embodiment of
the invention, the communication between the onboard
device and the remote device could be wireless communica-
tion and preferably radiofrequency communication.

[0187] The communication means generally comprise a
communication module that incorporates the electronics for
carrying out the communication and an antenna with suitable
software and hardware.

[0188] The communication module of the onboard device
may be:

[0189] unidirectional, in this case merely transmitting to
the outside the data delivered by the sensors and the
microcontroller; or

[0190] bidirectional (transmitter/receiver), in this case it
also receives data coming from the outside, as in the
example shown.

[0191] The wireless communication may possibly be per-
formed in two steps.

[0192] In a first step, data communication takes place
between the onboard system and a portable control module.
The latter may for example take the form of a wrist watch or
a device of the portable telephone type. In this case, the range
between the system and the module will probably be of the
order of 10 meters and the maximum data rate less than 1
kilobyte per second. Advantageously, the communication
will be radiofrequency communication (for example at a fre-
quency of 2.4 GHz) and may especially use for this purpose
the communication module sold by Nordic Semiconductor
under the reference nRF241.01. Alternatively, the communi-
cation may also be performed by inductive coupling, with the
corresponding advantage of a very low level of interference
with the human body, and it is possible to use for this purpose
the communication module sold by NXP under the reference
“Coolflux radio module”.

[0193] In a second step, communication takes place
between this portable control module and a computer. In this
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case it will be preferable to use a radiofrequency link at 2.45
GHz, enabling a greater volume of data to be transferred and
over longer distances. In this case, the data rate is of the order
of 1 Mbyte per second and the range of the order of one
hundred meters. Various devices may be used for this pur-
pose. For example, the Zigbee®, Bluetooth® and Wifi® pro-
tocols may be mentioned.

[0194] Two-step communication is particularly suitable for
use of the interface pressure measurement system according
to the invention by the clinical staff or even by the patient
himself.

[0195] The portable control module serves to control the
system and to record data. This data may be exploited subse-
quently by the clinician on his computer so as to adapt the
treatment and check the patient’s observance therewith.
[0196] Of course, direct data communication between the
onboard system and a computer is also conceivable.

[0197] When radiofrequency communication is used, the
onboard device includes an antenna. This may have various
configurations depending on the frequency used, the wave-
form of the signal to be processed and the available energy.
[0198] In general, a copper or aluminum antenna will be
used, but it is also possible to use an antenna formed from a
conductive ink.

[0199] According to a preferred embodiment, the antenna
takes the form of a cylindrical coil wound around a ferrite core
(with a diameter of 4 mm or less) or a flat coil in the form of
a snail shell (with a diameter of 10 mm or more).

[0200] Like the other components of the onboard device,
the antenna may be fixed to a rigid or flexible printed circuit
with these other components, or may be fixed isolatedly onto
the support. Likewise, it may be encapsulated isolatedly or
with these other components.

[0201] If the supporting member is extensible, it will be
preferable to fix the antenna directly on this support or on an
extensible circuit, as will be described later, for example on an
extensible polyurethane film.

[0202] FIGS. 4A, 4B and 4C illustrate various shapes of
antenna that may be placed directly on the extensible support.

The Conducting Tracks

[0203] According to a currently preferred embodiment, the
onboard device will be connected to the pressure sensors by
conducting tracks.

[0204] Ifthe supporting member is not extensible, the con-
ducting tracks may be produced by techniques well known to
those skilled in the art such as, in particular, by screen printing
using a conductive ink, for example a silver-based ink or one
based on a silver-copper alloy.

[0205] These techniques may also be used when said sup-
port is extensible.

[0206] The conducting tracks may also be integrated into
the supporting member when this takes the form of a sheet of
extensible polymer, for example a silicone or polyurethane
gel.

[0207] Alternatively, conducting tracks, for example made
of copper, may be formed on the supporting member when
this takes the form of a film, for example a polyurethane film.
In practice, this may be accomplished by covering a sheet of
copper on one of its sides with a polyurethane film, applying
a mask on the uncovered side of the sheet (the solid parts of
said mask taking the form of the tracks to be obtained) and
destroying the unmasked copper by acid etching.
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[0208] When the supporting member is extensible, it is
important for there to be no break in these conducting tracks
when the supporting member is extended. For this purpose,
the tracks will preferably take the form of a succession of
Q2-shaped elements connected in succession pairwise. When
the supporting member extends, each Q-shaped element may
deform longitudinally, thus preventing the track from break-
ing. Such Q-shaped structures are for example described in
the patent application WO 2004/107973.

[0209] Alternatively, it is possible to avoid the risk of
breakage by fixing extension limiters to the extensible sup-
porting member.

[0210] These extension limiters may for example consist of
stiffening strips. These strips will be formed from a material
having a lower extensibility than that of the extensible sup-
porting member. Thus, when the supporting member is
stretched, it will be “blocked” by said strips above a certain
extension. Preferably, these strips will have a longitudinal
extensibility of around 20% or less. The materials that can be
used to produce these strips may be similar to those men-
tioned for the supporting member, in particular they may be
fabrics, foams or films. These strips may be fixed to the
extensible support by conventional techniques adapted to the
nature of the supporting member. As examples of such tech-
niques, mention may be made of tacking or needling, in the
case of a fabric supporting member, such as for example a
nonwoven, or in the case of a foam; in the case of a supporting
member in film form, ultrasonic welding, bonding, thermal
complexing or fixing using an adhesive.

[0211] The extension limiters may also consist of one or
more wires integrated into the plane of the supporting mem-
ber, over all or part of the latter, in a sinusoidal wave configu-
ration and having a tensile strength greater than that of the
supporting member. Thus, when the supporting member is
stretched, the wire becomes taut and stops the, supporting
member from extending. Said wire or wires may be integrated
into or fixed to the extensible supporting member using the
techniques described above for fixing the strips.

[0212] Ingeneral, all the components of the onboard device
will be positioned between the two pressure sensors so as to
reduce the risk of breaking the conducting tracks placed on
the supporting member. The shorter these tracks, the lower
the risk of breakage.

[0213] FIG. 2 shows one embodiment of a supporting
member S comprising two series of conducting tracks 1, 1A
and 2, 2A formed from Q2-shaped elements and intended to be
connected to the pressure sensors P, and P,, respectively.

The Connections

[0214] The functional elements of the onboard device and
the sensors will be connected to the conducting tracks of the
supporting member by the conventional techniques used in
the case of nonextensible supporting members.

[0215] These connections may be conventional soldered
joints or else produced:

[0216] either using Z-shaped conductive adhesives such
as, for example, the adhesives sold by Adhesive
Research under the names ARcare 90366 or ARcare
90447,

[0217] or using conductive adhesives in the form of
adhesive-coated foam, conductive glues or conducting
polymers such as, for example, the products sold by
Dow Corning and Emerson and Cummings under the
names DA 65224 and XCS 80091 respectively;

[0218] or else using conductive Velcro.
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[0219] Such connections will connect the conducting pads
of said functional elements and of the sensors to the conduct-
ing pads placed on the conducting tracks of the supporting
member.

[0220] Alternatively, these connections may be made using
microconnectors, widely used to make connections in com-
puters or mobile telephones.

[0221] When the measurement system is a disposable sys-
tem, inviolable connections such as soldered joints may be
used.

[0222] However, when the measurement system is intended
to be partly reused, it will be preferable to use “reactivable”
connections such as, for example, connections made using
adhesives or microconnectors. In this case, the supporting
member may be discarded after use and the functional ele-
ments reused with a new supporting member to which said
elements will be fixed by means of new adhesives or micro-
connectors. Alternatively, only certain functional elements of
the system may be reused, for example when it is desired to
change the sensors or the energy source.

[0223] When the measurement system is intended to be
entirely reused, all the functional elements of the system
(sensors and onboard system) may be encapsulated or embed-
ded, like conventional electronic devices, in silicone or poly-
urethane polymers or in adhesives, as described for example
in the patent application WO 2006/094513. In this case, a
system will be obtained that can be cleaned after use and can
be reused many times.

[0224] Inthe context of the present invention, it is preferred
to encapsulate only the more sensitive elements, and in par-
ticular the electronic components, so as not to impair the
“breathing” properties of the system.

[0225] Likewise, so as not to restrict the extensibility of the
supporting member, it is also preferable to encapsulate only
the connections between the electronic components and the
extensible supporting member.

[0226] The various components of the onboard device (en-
ergy source, antenna, microprocessor) and the conducting
tracks connecting them, may, depending on their nature and
their size, be connected directly to the pads produced on the
extensible supporting member or assembled on one or more
“interposing” elements or printed circuits that will be con-
nected to the pads of the extensible supporting member.
[0227] Alternatively, some of these elements, such as the
energy source or the antenna, may be connected directly, or
via interposing elements, on a prolongation of the support,
beyond the part extending between the pressure sensors, so as
not to impair the extensibility of the supporting member. This
prolongation of the supporting member is not necessarily
extensible.

[0228] As indicated above, this prolongation of the sup-
porting member and the elements that are connected thereto
may be encapsulated in a suitable material, such as a silicone
based for example on a polydimethylsiloxane.

[0229] The materials that can be used to produce the inter-
posing elements on which the electronic components are
assembled are those that are commonly used for producing
conventional electronic circuits. Even though it is possible to
use rigid materials, it will nevertheless be preferred to use for
this purpose flexible, pliant or conformable semi-rigid mate-
rials so as to adapt to the patient’s morphology and to the
critical radius of curvature of an ankle, which is around 25
mm.
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[0230] Among the materials that can be used for producing
these pliant or semi-rigid interposing elements, mention may
be made of polyimides such as, for example, the products sold
by DuPont under the name Kapton® and epoxy films having
a thickness of around 0.1 to 0.4 mm such as the products sold
under the term “epoxy FR4”.

[0231] Ifnecessary, and in particular in the context of treat-
ing leg ulcers, a lacquer may be applied to the surface of these
interposing elements so as to avoid any short circuit or elec-
trical malfunction that could be caused by contact with the
exudates of the wound or with moisture in the dressing
beneath the bandage during use of the interface pressure
measurement system. Lacquers that can be used for this pur-
pose are for example the products Propocure for example of
the 520-530 series, sold by APCIS.

The Other Sensors

[0232] According to variant embodiments, the interface
pressure measurement system according to the invention may
comprise sensors other than pressure measurement sensors,
so as to measure additional parameters useful in the context of
compression therapy treatment, such as acceleration (to
detect and evaluate the physical activity of the patient), tem-
perature (which plays an important role in venous circulation)
and moisture (for detecting sweating beneath the bandage and
problems due to the level of wound exudation in the case of
leg ulcers).

[0233] Of course, other parameters may be evaluated such
as, for example, the pH using physiochemical sensors.
[0234] Preferably, so as not to impair the extensibility prop-
erties of the interface pressure measurement system, these
sensors will be positioned on a prolongation of the supporting
member, beyond the part extending between the pressure
sensors. This prolongation of the supporting member may or
may not be extensible.

[0235] Inthe context of treating leg ulcers, detection of the
degree of moisture of the dressing that covers the wound and
is concealed beneath the bandage is an important factor for
promoting sufficient observance with the treatment and to
ensure that the treatment is effective.

[0236] Many known devices for detecting moisture (or
moisture sensors) exist.

[0237] In the context of the present invention, it is prefer-
able, however, to use a system consisting of two electrodes
(one acting as anode and the other as cathode) spaced apart by
a distance of a few millimeters (preferably 2 to 20 millimeters
and more preferably 2 to 5 millimeters). This spacing will be
adapted according to the desired objectives: detection thresh-
o0ld; location on the extensible supporting member; size of the
dressing and of the extensible supporting member, and
according to the patient’s morphology.

[0238] These electrodes may consist of various materials
that will be deposited, like the conducting tracks, on the
supporting member. Advantageously, they will be electrodes
formed from copper tracks, the surface of which may or may
not have been subjected to a chemical or electrolytic treat-
ment, with an addition of gold or platinum, or else electrodes
obtained by screen printing using conductive inks, such as
inks filled with a silver salt, carbon, etc.

[0239] Ifthe support is formed from a fabric material, elec-
tronically conducting fibers may also be used as electrodes.
[0240] The length, width and configuration of these elec-
trodes may vary. Thus, two parallel sinusoidal electrodes, two
mutually imbricated combs, two concentric rings or even two
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parallel spirals may be conceived. Such configurations are
shown in FIGS. 5A, 5B, 5C and 5D respectively.

[0241] These two electrodes may be connected to the elec-
tronic system via conducting tracks 3, 4, as shown in FIG. 6.
[0242] The measurement principle of such a moisture
detector is based on the change in resistivity between the
anode and the cathode upon hydration.

[0243] This resistivity value will be compared with a cali-
brated value according to the detection threshold adopted,
this being recorded in the electronic system.

[0244] Analysis of this comparison may then trigger an
alarm, for example a visual alarm (LED) or an audible alarm
(a buzzer), or a change of state by one bit if the electronic
system incorporates a microprocessor.

[0245] The alarm may for example be located on the por-
table control module described above.

[0246] Another important parameter to evaluate in the con-
text of compression therapy may be the temperature.

[0247] The temperature may be measured conventionally
using a temperature sensor, such as a thermistor, the resis-
tance of which varies according to the temperature.

[0248] Such temperature sensors are well known to those
skilled in the art and used in the fabric field.

[0249] Both the shape and the configuration of the interface
pressure measurement system according to the present inven-
tion may vary.

[0250] In the context of the present invention, and in par-
ticular for the treatment of leg ulcers by compression therapy,
two particular shapes illustrated in FIGS. 6 and 7 are pre-
ferred.

[0251] The first shape, of the “stocking” type, is shown
schematically in FIG. 7.

[0252] The supporting member S comprises:

[0253] a first part S1 extending substantially longitudi-
nally and bounded by the two pressure sensors P, and P,
to be positioned on the points B, and C (see FIG. 1), for
example on the external surface of the leg; and

[0254] asecond part S2 extending the first part substan-
tially perpendicularly and comprising the two electrodes
H forming the moisture detector, which second part is
intended to be folded over in the use position on the
inside of the leg so as to cover the upper surface of the
dressing positioned on the leg ulcer.

[0255] In the example shown, the components of the
onboard device (energy source, communication module,
antenna, microprocessor) are assembled on a single printed
circuit E placed between the two sensors P, and P,. This
arrangement is particularly advantageous since it maximizes,
when the supporting member S is extended, the integrity of
the conducting tracks 1, 1A and 2, 2A supplying power to the
sensors P, and P, and the integrity of the tracks 3 and 4
supplying power to the electrodes H.

[0256] This “stocking” shape requires two separate (left
and right) versions to be produced, depending on the leg to be
treated.

[0257] The second shape is shown schematically in FIG. 6.
[0258] The two parts S1 and S2 forming the supporting
member are aligned here so that this single shape is suitable
whatever leg (left or right leg) is to be treated.

[0259] The supporting member may, be folded in the region
separating its two constituent parts S1 and S2, thus enabling
the moisture detector to be positioned, in use, on the left-hand
side or right-hand side depending on the leg treated (see FIG.
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1A). The fold may therefore be advantageously sized accord-
ing to the size of the patient’s leg and to the location of the
wound.

[0260] Likewise, the length of the electrodes forming the
moisture measurement device makes it possible to measure, if
necessary, the excess moisture on the external surface of the
dressing and/or on the periphery of the latter should exudates
be released via the edges of the dressing.

[0261] Of course, the moisture detector may be replaced
with a temperature sensor with any other type of sensor.
[0262] According to one embodiment, a moisture detector
and a temperature sensor may be placed on the second part S2
of the supporting member.

[0263] According to another embodiment, it is possible to
place a moisture detector on the second part S2 of the sup-
porting member and a temperature sensor on a third part of the
supporting member (not shown) forming a prolongation of
the first part S1 of the supporting member on the opposite side
to the second part.

[0264] As indicated above, the second and third parts of the
supporting member may or may not be extensible. However,
to facilitate manufacture, it will be preferable to use a sup-
porting member which is extensible over its entire length.
[0265] The interface pressure measurement system accord-
ing to the invention may be fixed to the limb to be treated
using any known means for fixing a device to the human body,
such as a Velcro-type fastener or an adhesive.

[0266] In the context of compression therapy treatment, it
will be most particularly preferable to use a non-traumatizing
adhesive, if necessary able to be repositioned in the same way
as those commonly employed for producing absorbent dress-
ings intended to be positioned on the skin or on leg ulcers.
This adhesive may for example cover, completely or partially,
that surface of the supporting member of the system which
will come into contact with the skin or the wound. The reader
may for example refer to the patent application

[0267] WO 2006/094513 for the choice of such an adhe-
sive. If necessary, this adhesive may serve for encapsulating
some or all of the components of the interface pressure mea-
surement system.

1. A system for measuring the interface pressure exerted on

the skin, which comprises:

a supporting member bearing sensors, including at least
two pressure sensors placed apart on the supporting
member, so as to be able to measure the pressure being
exerted at two locations, one of which is predetermined;
and

an electronic system connected to the sensors and capable
of acquiring the values simultaneously measured by
these sensors,

each pressure sensor comprising a transducer element, said
transducer element having a surface intended to come
into contact with the skin in the use position, either
directly or via an intermediate layer of a material cover-
ing said surface of the transducer, the compressive elas-
tic modulus of said transducer or of said intermediate
layer, measured at the surface intended to come into
contact with the skin, being between 30 and 500 kPa.

2. The measurement system as claimed in claim 1, wherein

said material constituting said intermediate layer is chosen
from the group consisting of:

cellular materials

gels and

compounds based on thermoplastic.
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3. The measurement system as claimed in claim 1, wherein
each pressure sensor is substantially flat and chosen from the
group consisting of resistive sensors, piezoelectric sensors,
Hall-effect magnetic sensors and capacitive sensors.

4. The measurement system as claimed in claim 1, wherein
the aforementioned electronic system comprises:

an onboard device connected to the supporting member

and serving for the acquisition and processing of the

values measured by the pressure sensors, said device

comprising means for transmitting said values measured

by the sensors; and

a remote device comprising:

communication means compatible with the transmis-
sion means of the onboard device and at least trans-
mitting the data from the onboard device to the remote
device and

a processing circuit connected to a display device.

5. The measurement system as claimed in claim 1, wherein
the aforementioned supporting member is formed from a
material chosen from the group consisting of fabric materials,
cellular materials, materials in film form and complexes com-
bining two of these materials.

6. The measurement system as claimed in claim 1, wherein
the supporting member is nonocclusive and has a water vapor
permeability, measured according to the EM-13726 standard,
equal to or greater than 1000 g/m?/24 h.

7. The measurement system as claimed in claim 6, wherein
the supporting member is made of a nonwoven or a polyure-
thane film.

8. The measurement system as claimed in claim 1, wherein
the aforementioned supporting member is extensible and has
an extensibility of around 10 to 20% in the longitudinal direc-
tion and around 3 to 12% in the transverse direction.

9. The measurement system as claimed in claim 1, wherein
the aforementioned supporting member further bears:

at least one moisture sensor; and/or

at least one temperature sensor.

10. The measurement system as claimed in claim 4,
wherein the aforementioned onboard device is fixed to the
aforementioned supporting member and placed between the
tWO pressure sensors.

11. The measurement system as claimed in claim 9,
wherein the aforementioned moisture sensor and/or tempera-
ture sensor are/is placed on the supporting member external to
the space defined between the two pressure sensors.

12. A restraint kit, which comprises:

a restraint system; and

an interface pressure measurement system as claimed in

claim 1.

13. A system for measuring the interface pressure exerted
on the skin, useful in compression therapy, which comprises:

a supporting member bearing sensors, including at least

two pressure sensors placed apart on the supporting
member, so as to be able to measure the pressure being
exerted at two locations, one of which is predetermined;
and

an electronic system connected to the sensors and capable

of acquiring the values simultaneously measured by
these sensors,
each pressure sensor comprising a substantially flat trans-
ducer element, said transducer element having a surface
intended to come into contact with the skin in the use position,
either directly or via an intermediate layer of a material cov-
ering said surface of the transducer, the compressive elastic
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modulus of said transducer or of said intermediate layer,
measured at the surface intended to come into contact with the
skin, being between 30 and 500 kPa.

14. The measurement system as claimed in claim 1,
wherein the compressive elastic modulus of said transducer
orofsaid intermediate layer, measured at the surface intended
to come into contact with the skin, being between 80 and 400
kPa.

15. The measurement system as claimed in claim 1,
wherein the compressive elastic modulus of said transducer
orofsaid intermediate layer, measured at the surface intended
to come into contact with the skin, being between 200 and 400
kPa.

16. The measurement system as claimed in claim 1,
wherein said material constituting said intermediate layer is
chosen from the group consisting of:

cellular materials selected from the group consisting of

hydrophobic foams, made of crosslinked polyethylene
or foams made of polyurethane, silicone, polyvinyl
chloride, ethylene-propylene diene copolymer or neo-
prene;

hydrophobic silicone gels or hydrophobic polyurethane

gels; and

compounds based on hydrophobic thermoplastic polymers

selected from mixtures consisting of triblock polymers
and a plasticizer.

17. The measurement system as claimed in claim 10,
wherein the aforementioned moisture sensor and/or tempera-
ture sensor are/is placed on the supporting member external to
the space defined between the two pressure sensors.

18. The measurement system as claimed in claim 10,
wherein the aforementioned moisture sensor and/or tempera-
ture sensor are/is placed on the supporting member external to
the space defined between the two pressure sensors in a part
extending the supporting member along the axis defined by
the pressure sensors or along an axis perpendicular thereto.

19. The measurement system as claimed in claim 13,
wherein each pressure sensor is substantially flat and chosen
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from the group consisting of resistive sensors, piezoelectric
sensors, Hall-effect magnetic sensors and capacitive sensors.

20. The measurement system as claimed in claim 13,
wherein the aforementioned electronic system comprises:

an onboard device connected to the supporting member

and serving for the acquisition and processing of the

values measured by the pressure sensors, said device

comprising means for transmitting said values measured

by the sensors; and

a remote device comprising:

communication means compatible with the transmis-
sion means of the onboard device and at least trans-
mitting the data from the onboard device to the remote
device and

a processing circuit connected to a display device.

21. The measurement system as claimed in claim 13,
wherein the compressive elastic modulus of said transducer
or of said intermediate layer, measured at the surface intended
to come into contact with the skin, being between 80 and 400
kPa.

22. The measurement system as claimed in claim 13,
wherein the compressive elastic modulus of said transducer
orof'said intermediate layer, measured at the surface intended
to come into contact with the skin, being between 200 and 400
kPa.

23. The measurement system as claimed in claim 13,
wherein said material constituting said intermediate layer is
chosen from the group consisting of:

cellular materials selected from the group consisting of

hydrophobic foams, made of crosslinked polyethylene
or foams made of polyurethane, silicone, polyvinyl
chloride, ethylene-propylene diene copolymer or neo-
prene;

hydrophobic silicone gels or hydrophobic polyurethane

gels; and

compounds based on hydrophobic thermoplastic polymers

selected from mixtures consisting of triblock polymers
and a plasticizer.
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