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Oedema treatment and monitoring same

The present invention relates to treatment of oedema as well as to the monitoring of

the treatment and garment for use in the treatment.

Background of invention

The present disclosure relates in general to methods for treating oedema and methods
for monitoring the effect of the treatment. More specifically, the present disclosure
includes measurement of a measure of a circumference of a body part, wherein the
body part may have swelled, such that it for example can be observed whether the

swelling decreases or increases.

Background of invention
Oedema may be caused by several underlying diseases. The most common forms are
oedema due to venous insufficiency and lymphoedema.

Oedema caused by venous insufficiency are typically seen in the legs, and are often
seen in both legs.

Lymphoedema may manifest as swelling in any body part, such as arms, legs, trunk,
head and neck, and is normally found in individuals having gone through surgery or
radiotherapy for cancer.

Oedema is the result of accumulation of fluid in the tissue spaces, and may produce
significant physical and psychological morbidity. Pain and discomfort are frequent
symptoms and increased susceptibility to ulcers and skin infections can result in
frequent hospitalization and long term dependency on antibiotics. Oedema due to
venous insufficiency and lymphoedema.is a chronic condition, that may be alleviated
by appropriate management. If chronic oedema is not treated properly as time
progresses the fluid and waste products in the tissues can cause tissue thickening and
fibrosis (excessive fibrous tissue). The tissues become hard and the swelling does not

reduce on limb elevation.

One way of managing chronic oedema is to reduce swelling through a combination of
compression, for example using bandage or compression garment and exercise with or

without lymphatic massage.
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Many compression systems are available. To choose an appropriate compression
product for a patient, in particularly a patient with leg ulcers requires a thorough
understanding of the various products. However, this choice can be difficult because of
lack of standardized compression classifications, confusion over terminology, and lack
of evidence as to which type of compression system is most effective.

Summary of invention

The present invention relates to methods for monitoring the treatment of oedema, in
particularly chronic oedema, in order to allow a physician in collaboration with the
patient to be able to select an optimal compression bandage or garment, to monitor the
effect of the bandage or garment, and to support decisions on when to change the
bandage or garment.

Accordingly, in one aspect the invention relates to a method for determining the
efficiency of a treatment of oedema in a body part by compression bandaging, said
method comprising

applying said bandaging to said body part,

applying at least one sensor to said body part under, within or over said
bandaging, each sensor comprising

— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;

- registering a plurality of measures of the circumference of the body part during

a predetermined period,

- determining that the treatment is efficient when the circumference of the body
part has decreased to below a predetermined cutoff value and/or the decrease
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of the circumference of the body part is above a predetermined cutoff value
after said predetermined period.

In addition, the invention relates to a method for treatment of chronic oedema, said
treatment comprising a method for determining the efficiency of maintanance
compression treatment of chronic oedema in a body part, said method comprising

- applying a compression bandage or garment to said body part,

- applying at least one sensor to said body part under, within or over said
bandage or garment, each sensor comprising

— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;

- registering a plurality of measures of the circumference of the body part during
a predetermined period,

- determining that the treatment is efficient when the circumference of the body
part varies within a predetermined interval during said predetermined period.

In yet another aspect the invention relates to a method for determining the lifetime end
of a compression bandage or garment for bandaging a body part, said method
comprising

- applying said bandage or garment to said body part,

- applying at least one sensor to said body part under, within or over said
bandage or garment, each sensor comprising
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— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;

- registering a plurality of measures of the circumference of the body part during
a predetermined period,

- determining that that the lifetime of the compression bandage or garment has
ended when the circumference of the body part increases above a
predetermined cutoff and/or the increase is above a predetermined cutoff during
said predetermined period.

The invention also relates to a method for determining the risk of skin infection in an
individual having a bandaged body part, said method comprising

o applying said bandaging to said body part,

o applying a sensor to said body part under, within or over said bandaging,
said sensor comprising
» one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable;
* ameasuring unit that is configured for measuring the
temperature and/or moisture of the body part;

o registering a plurality of said measures of the body part during a
predetermined period,

o determining that there is a risk of skin infection under the bandage when
the measure of temperature and/or moisture increases above a

predetermined cutoff during said predetermined period.
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In another aspect the electrically conducting layers are retractable upon a signal and
may be used for active compression, and accordingly the invention relates to a method
for treating oedema of a body part, comprising

o applying a bandage to said body part,

o applying an actuatable sensor to said body part under, within or over said
bandaging, said sensor comprising

»= one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable, and wherein the electrically
conducting layer(s) is/are retractable upon a signal applied to the
layer(s);

* a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is
configured for measuring an electric property related to the one
or more electrically conducting layer(s), and the electric property
is related to the measure of the temperature and/or moisture of
the body part;

o registering a plurality of said measures of the body part during a
predetermined period,

o actuating the sensor thereby retracting the sensor when the
circumference of the body part increases above a predetermined cutoff
after said predetermined period.

Furthermore, the information obtained through monitoring the efficiency of a
compression treatment may be used for designing optimized compression garments,
and consequently the invention relates to a method for designing a compression
garment for the maintenance treatment of chronic oedema in a body part, said method

comprising

- obtaining said plurality of measures of the circumference of the body part for
each of at least two sensor positions according to the method as defined above,
for at least one predetermined period,
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- determining the compression requirements for each segment of the body part
corresponding to the sensor positions,
- designing a compression stocking based on the determined compression

requirements.

And the invention also relates to the optimized compression garment as well.

A further aspect relates to a method for identifying a treatment regimen for an
individual, comprising the steps of: applying a bandaging to said body part, applying at
least one sensor to said body part under, within or over said bandaging, each sensor
comprising: one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are stretchable; a
measuring unit that is electrically connected to the one or more electrically conductive
layer(s), wherein the measuring unit is configured for measuring an electric property
related to the one or more electrically conducting layer(s), and the electric property is
related to the measure of the circumference of the body part; registering a plurality of
measures of the circumference of the body part during a predetermined period,
registering a plurality of measures of the movement of the body part during the
predetermined period, and determining the treatment regimen from said plurality of
measures of the movement of the body part.

Description of Drawings

Fig. 1 shows how the electric property, related to the circumference of a leg, in a first
position B, changes with time. A time period of approximately 24 hours is shown along
the horizontal axis, and the electric property, the capacitance, is shown along the
vertical axis. Several measurement points have been indicated along the 24 time
period. First is indicated a first measurement 1 where the bandage is applied to the leg.
A second measurement 2 is where the patient changes from sitting to walking. A third
measurement 3 is where before the bandage is re-applied to the leg and measurement
4 is after the bandage has been re-applied. Measurement 5 is where the patient has
the leg in a horizontal position. Measurement 6 is where the patient goes to bed and
measurement 7 is where the patient wakes up. At measurement 8, the patient drives a

car. At the end, at measurement 9, the measurements are done.
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Fig. 2 shows how the electric property, related to the circumference of the leg
measured as described in Fig 1, now in a second position C, changes with time. A time
period of approximately 24 hours is shown along the horizontal axis, and the electric
property, the capacitance, is shown along the vertical axis. Several measurement
points have been indicated along the 24 time period. First is indicated a first
measurement 1 where the bandage is applied to the leg. A second measurement 2 is
where the patient changes from sitting to walking. A third measurement 3 is where
before the bandage is re-applied to the leg and measurement 4 is after the bandage
has been re-applied. Measurement 5 is where the patient has the leg in a horizontal
position. Measurement 6 is where the patient goes to bed and measurement 7 is where
the patient wakes up. At measurement 8, the patient drives a car. At the end, at
measurement 9, the measurements are done. As can be seen by comparison of Fig. 1
and Fig. 2, the same leg experiences different changes in circumference at different
positions, i.e. B and C. Thus, these two figures show that a more accurate
measurement of when the bandage needs to be re-applied, or changed, is provided by
having at least two different measurements on at least two different positions.

Fig. 3-8 show another example of an electric property being measured using the
measuring unit of the device according to the first aspect of the present invention.

Fig. 9-10 show other embodiments of the device according to the first aspect of the
present invention.

Definitions

The following definitions are used throughout the text:

Oedema means the swelling of a body part, and the term “Oedema” covers oedema

due to venous insufficiency as well as lymphoedema.
Compression bandage means layers of bandage to be wrapped around a body part.
Compression garment means a garment fit to a body part to be treated and comprises

compression stockings for legs as well as arms, compression gloves, compression

vests, and compression masks.
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Compression treatment is divided into initial treatment for reducing a swelling and

maintenance treatment for inhibiting swelling in an individual suffering from oedema.

Detailed description of the invention

The treatment of oedema, in particularly chronic oedema, such as oedema caused by
venous insufficiency or lymphoedema, is primarily compression of the oedematous

body part through the use of compression bandages and compression garments.

Typically the treatment may be divided into an initial compression treatment wherein
the swelling is reduced as much as possible, and a maintainance compression

treatment performed to reduce the risk for a new swelling.

Compression bandages and compression garments are meant to be worn twenty four
hours a day, or at least the waking hours, every day to maintain oedema reduction and
must be replaced on a regular basis. Compression garments may be custom-fit or
purchased in over-the-counter, i.e. in standard sizes. Some people will require custom-

made compression garments and it is important that these garments fit correctly.

Compression bandage or garment materials are typically characterized into elastic,
long-stretch, inelastic, or short-stretch material. The terms elastic and long-stretch
(elastic/long-stretch) bandages are often used synonymously, as are inelastic and
short-stretch (inelastic/short-stretch) bandages. Extensibility differs markedly between
these two basic types. Extensibility refers to the degree to which the bandage can be
stretched when pulled. Generally, an elastic/long-stretch bandage has a maximal
extensibility greater than 100%, whereas an inelastic/short-stretch bandage has a
maximal extensibility of less than 100%. However, even material within the same
category, for example inelastic material, from different commercial providers may have

different degrees of elasticity and durability.

As discussed below the two different types of compression bandage and garment
material may be suitable for different types of oedema and patients.

Gradient compression, ie.a pressure gradient decreasing towards the heart is the basic
principle for compression therapies. Roughly 60% to 80% of the body’s total blood

volume resides in the venous circulation. During walking or weight shifting, calf-muscle
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contraction is the primary means of returning blood to the heart through the veins.
Short-stretch bandages create an external force against calf-muscle contraction. They
cause generation of inward pressure because they don't allow calf muscles to bulge
outward when they contract and shorten. This force compresses and pumps the veins,
propelling blood toward the heart; graduated compression of bandages (more pressure
at the ankle than calf) prevents backward blood regurgitation through incompetent
veins. This is called working pressure. Thus, short-stretch compression treatment
cause high working pressure.

In contrast, long-stretch bandages stretch as oedema increases. They also provide
little resistance to calf-muscle contraction. Therefore, they have low working pressure,
don’t promote the calf-muscle pump, and provide poor oedema containment. However,
initially long-stretch bandages may provide a suitable treatment in the initial phase of
treating oedema.

Treatment of oedema often involves general exercise, such as walking, or specific
therapeutic exercises while compression bandaging is worn, because it aids in the

elimination of excess fluid.
Compression bandage and compression garment

As defined above compression bandage is a bandage consisting of one or more layers
of bandage wrapped around the body part, optionally in combination with padding.
Compression bandage is normally used in the initial phase of oedema treatment in
order to decrease the swelling. Compression bandage may be re-applied regularly,
such as at least every third day.

Also, as defined above compression garment may be provided for any body part. The
majority of the compression garments are compression stockings. In the following
stockings are discussed in further details, however the discussion applies equally well
to the other types of garments.

Compression stockings are produced by one of two different processes, either by flat-
knit processes or by circular knit processes.

Compression stockings produced by flat-knit machines are knit row by row, following a
knitting pattern. Flat-knit stockings can be produced in almost unlimited shapes and
sizes in accordance with the presented anatomical shape, and can also be made to fit
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even extreme deformities. The flat-knit process is suitable for custom-made products,
especially for higher compression classes. Because of their perfect fit, the stockings
are able to deliver an exact level of compression, as well as a pressure gradient, even

for extreme body shapes. Flat-knit stockings are normally thicker and have a seam.

Circular-knit compression stockings, like regular ladies' nylons, are knitted on a cylinder
and have no seam. The same number of loops per row is normally used over the whole
length of the stocking. Circular knitting is primarily suitable for manufacturing support
stockings, and stockings for prophylaxis. Seamless circular-knit stockings can be made
finer/thinner and cosmetically more attractive than stockings produced by flat-knitting.

Independent of choice of compression bandage or compression garment, the bandage
or garment has only limited durability, even if treated with utmost care. After
approximately 6 months it wears out and loses its compression effectiveness.

However, there may also be a need for a change of compression stocking earlier if the
compression treatment has been so efficient that the swelling has been be reduced to
the point that the old one is too wide now.

Determining the efficiency of a treatment

In one aspect the invention relates to a method for determining the efficiency of a
treatment of oedema in a body part, in particularly the initial treatment wherein a
swelling is to be reduced. The method comprises applying a compression bandage or
garment and furthermore applying at least one sensor as described in detail below to
said body part. The sensor may be applied below, within or on the compression
bandage or garment, as is suitable for the patient to be treated and the bandage and

garment.

The method may be carried out using one sensor per body part to be treated, however
it is normally preferred that at least two sensors are used, and more preferred that at
least three sensors are used in order to obtain the information necessary to determine
the efficiency of the treatment. The sensors are preferably positioned at the standard
measurement positions used in the art. Standard positions for measuring are shown in
Figure 1 for the leg, and standard positions for the leg as well as other body parts may
be found in text books and guidelines for clinicians treating oedema.
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By use of the sensor, a plurality of measures of the circumference of the body part is
measured during a predetermined period. The predetermined period is any suitable
period in view of the phase of the treatment and the condition of the patient to be
treated. Normally, the predetermined period is at least 12 hours, such as at least 24
hours, such as at least 2 days, such as at least 3 days.

The efficiency of the treatment may also be determined taking into account the
exercises performed by the patient. In a preferred embodiment the sensor is capable of
providing a measure for the movement of the body part in question. In general, the
more a body part is moving the faster a swelling will decrease. Accordingly, the
efficiency of the treatment may be a measure of the decrease of swelling in view of any
exercise performed. Movements may be measured directly through the sensor as
described below, or movements may be measured by any other means, such as a
accelerometer, as described below.

Within the predetermined period measurements are performed at regular intervals,
preferably several times per hour. In particularly, in order to take into account any
movements made by the patient during monitoring, it is preferred to perform
measurement at least 4 times per hour, more preferably at least 6 times per hour or 12

times per hour.

After the end of the predetermined period the treatment is determined to be efficient
when the circumference of the body part has decreased to below a predetermined
cutoff value and/or the decrease of the circumference of the body part is above a
predetermined cutoff value.

The cutoff may be a standard cutoff, or may be determined individually in view of the
phase of the treatment and the condition of the patient. Typically, the cutoff for the
decrease is at least 0.5 cm.to 3 cm per day in the beginning of the treatment to be
reduced towards the end of the initial treatment. In another embodiment the cutoff is
defined as a percentage decrease such as at least 1 % to 6 % decrease. Normally, the
cutoff is higher the more exercises the patient has performed during the predetermined
period.
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By performing the method it is possible to evaluate the efficiency of the treatment much
earlier than what is obtainable by prior art methods, and furthermore documentation of
the treatment is also facilitated by the present method.

In case the treatment has not proved to be efficient, in view of the patient’s exercise,
changes in the treatment must be considered, such as changing the compression
bandage or garment material or, in case of a compression bandage, re-wrapping the
bandage.

In another aspect the invention relates to a method for determining the efficiency of
maintenance compression treatment of chronic oedema in a body part, ie. after the

initial reduction of the swelling in order to prevent a new swelling.

Like the method above, the present method involves applying a compression bandage
or garment to said body part, and applying at least one sensor to said body part under,
within or over said bandage or garment.

Also, a plurality of measures of the circumference of the body part is measured during
a predetermined period, and normally the same frequency of measurements are
carried out for the maintenance treatment as for the initial treatment. Furthermore, the
number of sensors as well as the position of sensors described above apply equally
well in this aspect of the invention.

The maintenance compression treatment is determined to be efficient when the
circumference of the body part varies within a predetermined interval during said
predetermined period, and does not increase above the interval. The interval is
normally a few centimeters, such as about 3 cm, more preferably 2 cm. If a swelling is
larger than to be accommodated within said interval, there is a great risk that the
compression treatment is not efficient, in particularly if the measurements during the

following periods exhibit the same tendency.

Due to the plurality of measurement carried out through the predetermined periods, the
method also provides useful information about variations during the day. For patients
having leg oedemas and standing a part of the day, as for example school teachers
and some craftsmen, the method may provide information as to whether the
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compression treatment is effective when they are at work, and when they are at home,
which may lead to the conclusion that they may need different compression stockings

for work and for home.

Furthermore, by monitoring the treatment as described above it is also possible to
regulate hospital visits for the patient, in that a patient with an efficiently working
compression bandage or garment may not need to visit to the hospital as often as
those wherein the swelling does not decrease or indeed increases.

As discussed above compression bandage or garment from different commercial
providers exhibit different compression characteristics with respect to elasticity and
durability. Compression garments designed to fit the individual patient, whether over-
the-counter or customized goods, is worn daily and has to be washed regularly which
exerts a certain wear of the garment. Normally a patient has some sets of garment to
shift between, however if the garment is financed fully or partly by health care
insurance or the like, a patient is normally not granted more than two sets each half
year. Accordingly, the durability of the compression characteristics is a very important
factor to be considered for the patient, since when the compression characteristics do
not fulfil the requirements the patient risks serious side effects in the form of new

swelling and subsequent ulcers and infection.

The present invention provides a method for determining when the lifetime has ended
or is about to end for a compression garment, ie. when the compression characteristics
of the compression garment does not fulfil the requirements for the patient in question,
and therefore when it is suitable to acquire new sets of garments.

Therefore, the invention also relates to a method for determining the lifetime end of a
compression bandage or garment for bandaging a body part, said method comprising

- applying said bandage or garment to said body part,

- applying at least one sensor to said body part under, within or over said
bandage or garment, each sensor comprising
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— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;

- registering a plurality of measures of the circumference of the body part during
a predetermined period,

- determining that that the lifetime of the compression bandage or garment has
ended when the circumference of the body part increases above a
predetermined cutoff and/or the increase is above a predetermined cutoff during
said predetermined period.

As discussed above, individuals suffering from oedema are at risk of acquiring an
infection of the skin in the oedematous body part. The present invention provides a
method for determining the risk of infection, whereby an early warning sign is provided
leading to either prevention of the infection or an early treatment. Accordingly, the
present invention relates to a method for determining the risk of skin infection in an

individual having a bandaged body part, said method comprising

o applying said bandaging to said body part,

o applying a sensor to said body part under, within or over said bandaging,
said sensor comprising
» one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable;
* ameasuring unit that is configured for measuring the

temperature and/or moisture of the body part;

o registering a plurality of said measures of the body part during a
predetermined period,
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o determining that there is a risk of skin infection under the bandage when
the measure of temperature and/or moisture increases above a

predetermined cutoff during said predetermined period.

The measuring unit configured for measuring the temperature and/or moisture of the
body part may be electrically connected to the one or more electrically conductive
layer(s), whereby the measuring unit is configured for measuring an electric property
related to the one or more electrically conducting layer(s), and the electric property is
related to the measure of the temperature and/or moisture of the body part in that the
resistivity of a single electrically conducting layer as may be temperature dependent,
and by registering the resistivity a measure for the temperature is obtained.

In an alternative, the measuring unit comprises a sensor to measure temperature

and/or moisture.

Measuring either the temperature or the moisture under the compression bandage or
garment provides the patient and/or the physician with an early sign of suspected
infection. By the method according to the invention it is not necessary to remove the
bandage or garment to inspect the body part for infection too often, since the risk for
infection may be determined while the patient is wearing the bandage or garment. On
the other hand, although the patient is wearing the bandage or garment, it is still
possible to get an early warning. Normally a temperature rise of from 0.5 °C, such as
from 1.0 °C is an indicator of infection.

Actuatable sensor

In yet another aspect of the invention the sensor for measuring changes in the
circumference may also be an actuatable sensor capable of retracting as response to a
signal, such as an electrical signal. Thereby, the sensor(s) may also be an active part
of the treatment of oedema, and consequently, the invention further relates to a method
for treating oedema of a body part, comprising

o applying a bandage to said body part,

o applying an actuatable sensor to said body part under, within or over said
bandaging, said sensor comprising
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»= one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable, and wherein the electrically
conducting layer(s) is/are retractable upon a signal applied to the
layer(s);

o registering a plurality of said measures of the body part during a
predetermined period,

o actuating the sensor thereby retracting the sensor when the
circumference of the body part increases above a predetermined cutoff
after said predetermined period.

In a preferred embodiment the method also includes a control unit and a transmitting
unit, whereby the control unit is configured to control the length of the one or more
electrically conducting layer(s) along the longitudinal axis, for example by receiving the
measure of the circumference of the body part directly from the transmitting unit.

The one or more electrically conducting layer(s), described in detail below, may be
configured as an actuator, such that when the control unit receives input, for example
based on the measure of the circumference of the body, the control unit may send an
electrical signal to the one or more electrically conducting layer(s) to cause a retraction
of the layer(s).

Thus, by having the control unit, the present invention provides for a feed-back
mechanism based, i.e. treatment that is based on tightening the first elastic support
material further to the body part when it receives instructions based on output from the
measuring unit. In other words, the present invention may provide an automatic and
self-adaptable support material, for example such as a bandage and/or a compression
garments.

Preferably, the method includes at least two actuatable sensors, whereby the actuation
of the sensor is performed individually for each sensor. In one embodiment one sensor
may be retracted to one extent and the other retracted to another extent or not
retracted at all to accommodate that a swelling may occur locally in the body part.
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The retraction, independent of the number of sensors, may be a permanent retraction
until the measurements performed may indicate a need for either a relaxation or a
further retraction. In another embodiment, or the actuatable sensor performs a
pulsating movement of repetitive retractions and relaxations in order to perform an
intermittent pumping therapy to provide a lymph drainage. In the latter embodiment it is
preferred if two or three sensors take part in the pumping therapy.

Design of compression garment

In yet another aspect of the invention there is provided a method for designing a
compression garment based on the results obtained from the monitoring of the
efficiency of the treatment. From the information obtained from an individual patient it is
possible to design a compression garment having the exact compression
characteristics that may be required to treat the patient’s oedema in the most efficient
way. For example, it may be experienced during the monitoring that more compression
forces are required in some segments of the body part and less in order segments of
the body part. Today compression garments, in particularly compression stockings, are
provided with the same elasticity throughout the garment, and the only methods for
individualizing the garment is the adaptation of the width of various segments of the
garment.

Accordingly, in one aspect the invention relates to a method for designing a
compression garment for the maintenance treatment of chronic oedema in a body part,
said method comprising

- obtaining said plurality of measures of the circumference of the body part for
each of at least two sensor positions according to the method as defined above,
for at least one predetermined period,

- determining the compression requirements for each segment of the body part
corresponding to the sensor positions,

- designing a compression stocking based on the determined compression

requirements.

Compression stockings may be designed to have at least two stocking segments, and
more preferably at least three stocking segments, corresponding to the measurement
positions. Each stocking segment may be designed to have different compression
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characteristics. One example is a stocking capable of increasing the pressure just
above the ankle, another example is a stocking capable in decreasing the pressure at
the top of the stocking, or a combination thereof.

Preferably, the information obtained from monitoring the efficiency of one compression
garment may be transferred directly to the production line for an individualized stocking
to take into account the need for individualized compression characteristics in various

segments of a stocking.

Furthermore, the invention relates to a compression stocking for maintainance
compression treatment comprising at least a first segment and a second segment,
wherein the compression characteristic in the first segment is different from the
compression characteristic in the second segment as discussed above.

Determining a treatment regimen

In a further aspect, the invention relates to a method for determining a treatment
regimen. The method comprises the steps of applying a bandaging to said body part,
applying at least one sensor to said body part under, within or over said bandaging,
each sensor comprising, one or more electrically conducting layer(s) on or around at
least a part of said body part, wherein the electrically conducting layer(s) is/are
stretchable; a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured for measuring
an electric property related to the one or more electrically conducting layer(s), and the
electric property is related to the measure of the circumference of the body part;
registering a plurality of measures of the circumference of the body part during a
predetermined period, registering a plurality of measures of the movement of the body
part during the predetermined period, and determining the treatment regimen from said
plurality of measures of the movement of the body part.

By determining the treatment regimen as based on the movement of the body part, a
feedback of the individual’s behavior may be possible. Such feedback may provide for
an optimal treatment of the individual.
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In one embodiment, the plurality of measures of the movement of the body part is
measured using an accelerometer. The accelerometer may for example be attached to
the body part of the individual.

In another embodiment, the plurality of measures of the movement of the body part is

measured using the sensor, for example, as an alternative to the accelerometer.
In another alternative embodiment, the accelerometer is integrated into the sensor.

In preferred embodiments, the treatment regimen relates to an activity of the individual.
For example, readings from the accelerometer and/or the sensor may be used to notify
the individual what is best for him/her. For example, the individual may be notified that
optimal treatment is enabled if the individual plans to cycle or walk for half an hour or
so within the next 4 hours. The notifications as related to the activity of the individual
may be based on the individual's present activity and/or a logged activity. For example,
the accelerometer and/or the sensor may be configured for determining whether the
individual is inactive, by such as sleeping or active, such as walking, running, or
cycling. Based on the activities, the individuals may also be rated according to a type of
the individual. For example, a very active person may be rated as a person 1, and a
very inactive person may be rated as a person 3. Based on the activity and/or the type
of individual, the individual may be notified of a treatment regimen that is best suited for
the individual. In this regard, a personalized treatment is achieved.

Preferably, the treatment regimen is displayed to the individual on a display, such as a
mobile phone, a tablet, or a computer.

According to most of the aspects, a sensor is applied to the body part. In most
preferred embodiments of these aspect, the step of applying at least one sensor to said
body part is followed by determining an amount of stretch of the sensor, such that if the
amount of stretch is below a predetermined amount, a warning related to under-
stretching is displayed to the individual on a display, and if the amount of stretch is
above a predetermined amount, a warning related to over-stretching is displayed to the
individual on a display. Hereby is provided that the sensor that provides for the most
optimal treatment is correctly applied to the body part.

Computer implemented method
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The methods described above may also be provided as computer implemented
methods for managing treatment of oedema. Accordingly, in any of the methods
described above the method may further include the steps of:
- in a computer receiving a plurality of measures of the circumference of the body
part, wherein each of said plurality of measures are either absolute values of
the circumference of the body part or a delta value describing a difference to a
former value;
- determining whether the circumference of the body part is above a
predetermined cutoff; and
- returning an indicator to an indicator system, wherein the indicator indicates

whether the circumference is above the predetermined cutoff.

The indicator may be any type of relevant information, such as a visual alarm on a
computer screen if the circumference changes to a value above a predetermined
cutoff. Thereby, the physician and other professionals treating the patient are helped in
identifying the patients that may need attention, and do not spend time on patients who
are performing well. The indicator system may likewise be available to the patient in

order to monitor his or her own treatment.

Thereby, the methods according to the present invention may be included in
telemedicine methods, where the professionals treating the patient are positioned far
from the patient and at least initial information is provided in a combination of automatic
information and digital communication with the patient, being by telephone, through the

computer or as emails.

Sensor

The sensor according to the invention comprises

- one or more electrically conducting layer(s) on or around at least a part of said
body part, wherein the electrically conducting layer(s) is/are stretchable; and

- ameasuring unit that is electrically connected to the one or more electrically

conductive layer(s), wherein the measuring unit is configured for measuring an
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electric property related to the one or more electrically conducting layer(s), and
the electric property is related to the measure of the circumference of the body
part.

Preferably, the sensor comprises a first elastic support material configures for being
place around and/or on the body part and/or on a second elastic support material in
contact with the body part. Preferably, the one or more electrically conducting layer(s)
is(are) in contact with said first elastic support material.

Electrically conducting layer(s)

The one or more electrically conductive layer(s) may be made from a material having a
resistivity which is less than 10® Q c¢m such as less than 10 Q cm.

The one or more electrically conductive layer(s) may preferably be made from a metal
or an electrically conductive alloy, e.g. from a metal selected from a group of silver,
gold and nickel. Alternatively other suitable metals or electrically conductive alloys may
be chosen.

The one or more electrically conductive layer(s) may be electrical tape, such as made
of conductive acrylic with for example Nickel plated carbon scrim. The tape may be
adhesive.

The one or more electrically conductive layer may have a thickness in the range of 0.01
pum to 0.1 um, such as in the range of 0.02 pym to 0.1 um, such as in the range of 0.08
pm to 0.1 pm.

A first conductor may be attached to the one or more electrically conductive layer(s) in
a first connection point. The conductor may be formed as an elongated body like a
traditional wire or cable. In another embodiment, the conductors may be formed as
pouches being circular, oval, or of another shape suitable for establishing the
electrically communication with electrodes. The conductor may be highly elastically
deformable such that the length of the conductor may be varied, or the conductors may
at least be flexibly bendable.
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The one or more electrically conducting layer(s) may have an electrically conducting
layer length that, in a relaxed state, is less than 90% relative to the elastic support
length, such as less than 75%, such as less than 60%, such as less than 50%, such as
less than 40%, such as less than 30%, such as less than 20%, or such as less than
10%. This may reduce cost of the electrically conducting layer length, and still provide
a measure of the circumference of the body part.

The one or more electrically conducting layer(s) may have an electrically conducting
layer length, in a relaxed state, between 2 cm and 85 cm.

The one or more electrically conducting layer(s) may have an electrically conducting
layer width that, in a relaxed state and along the vertical axis, is between 2 mm and 80

mm, or between 2 cm and 15 cm.

The one or more electrically conducting layer(s) may have an electrically conducting
layer length that is able to be stretched at least 20% relative to its relaxed state.

The one or more electrically conducting layer(s) may be stretchable to the same
degree as the first elastic support material.

The one or more electrically conducting layer(s) may have an electrically conducting
layer length that is defined by the body part such that when the first elastic support
material is placed around and/or on the body part and/or on the second elastic support
material in contact with the body part, the electrically conducting layer length is pre-
stretched at least 20% relative to its relaxed state.

In one embodiment of the device, the one or more electrically conducting layer(s) are
separated from each other along the vertical axis.

In another embodiment of the device, the one or more electrically conducting layer(s)
are separated from each other along the longitudinal axis, in particularly the one or
more electrically conducting layer(s) may be separated from each other along the
lateral axis by having a stretchable film between two of said electrically conducting
layers. The stretchable film defines that the electric property is the electric capacitance
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of the stretchable film. The capacitance of the stretchable film is proportional to an
area, over which there is an overlap of the two electrically conducting layers, and
inverse proportional to the distance between the two electrically conducting layers, i.e.
inverse proportional to the thickness of the stretchable film. Thus, the capacitance is
also proportional to the length of the electrically conducting layers. Hence, the longer
the electrically conducting layers, the greater the capacitance. Thus, by swelling, the
length and thereby the circumference increases, and accordingly, the capacitance

increases.

In an alternative and/or additionally, the electric property is the resistivity of the
electrically conducting layer(s). The resistivity is proportional to the length of the
electrically conducting layer and inverse proportional to the cross-sectional area of the
electrically conducting layer, i.e. thickness and the width of the electrically conducting
layer. Hence, the longer the electrically conducting layers, the greater the capacitance.
Thus, by swelling, the length and thereby the circumference increases, and
accordingly, the resistivity increases.

A difference between the capacitance and the resistivity in relation to when the one or
more electrically conducting layer is stretched, is that the capacitance is influenced by
the change in thickness of the stretchable film, whereas the resistivity is influenced by
the change in the thickness of the one or more electrically conducting layer.

If the thickness of the one or more electrically conducting layer(s) and the stretchable
film may however be deformed in the same manner, there may not be a difference in
how the measurement is proportional to the length. On the other hand, a stretchable
film may be chosen such that it deforms in a different manner than that of the one or
more electrically conducting layer(s), thereby providing advantages in measuring
capacitance in comparison to measuring the resistivity, in particular because the
capacitance can be made approximately linearly dependent on the length deformation
of the one or more electrically conducting layer(s). Several features of the stretchable
film are described in the following section.

By using a stretchable film between two layers, and measuring the capacitance, there
is provided means for providing a dielectric electroactive polymer (EAP) structure, in
particular when the stretchable film is a polymer.
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In one embodiment of the present invention, the stretchable film is a polymer that may
be made from a material having a resistivity larger than 10" Q cm.

Preferably, the resistivity of the dielectric material is much higher than the
resistivity of the electrically conductive layer, preferably at least 10'*-10'® times higher.

The film structure may comprise any number of layers of an elastically deformable
polymer film, e.g. one, two, three, four, or five layers of the elastically deformable film
either adhesively joined or simply stacked above each other to form a laminated
structure. The elastically deformable film may particularly be made from a dielectric
material which herein is considered to cover any material which can sustain an electric
field without conducting an electric current, such as a material having a relative
permittivity, which is larger than or equal to 2. It could be a polymer, e.g. an elastomer,
such as a silicone elastomer, such as a weak adhesive silicone or in general a material
which has elastomer like characteristics with respect to elastic deformation. For
example, Elastosil RT 625, Elastosil RT 622, Elastosil RT 601 all three from Wacker-
Chemic could be used as a dielectric material.

In the present context the term 'dielectric material' should be interpreted in particular
but not exclusively to mean a material having a relative permittivity which is larger than

or equal to 2.

In the case that a dielectric material which is not an elastomer is used, it should be
noted that the dielectric material should have elastomer-like properties, e.g. in terms of
elasticity. Thus, the dielectric material should be deformable to such an extent that the
composite is capable of deflecting and thereby pushing and/or pulling due to
deformations of the dielectric material.

The film may have a thickness between 10 um and 200 um, such as between 20
pm and 150 pm, such as between 30 um and 100 um, such as between 40 um
and 80 pm.

In relation a setup with two electrically conducing layers, a first conductor may be
attached to the first electrically conductive layer in a first connection point, and the
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second conductor may be attached to the second electrically conductive layer in a
second connection point. The conductor may be formed as an elongated body like a
traditional wire or cable. In another embodiment, the conductors may be formed as
pouches being circular, oval, or of another shape suitable for establishing the
electrically communication with one of the electrodes.

By having a stretchable film as described, in particular a dielectric electroactive
polymer, it is clear the one or more electrically conducting layer(s) are configured as an
actuator. Actuation is then caused by electrostatic forces between two electrodes which
squeeze the polymer. Dielecltric elastomers are capable of very high strains and are
fundamentally a capaciior that changes its capacitance when a voliage is applied by
allowing the polymer to compress in thickness and expand in area due o the electric
field.

Thus, by using a stretchable film there is provided a device that is able to work as an

artificial muscle.

Elastic support material

In one embodiment, the first elastic support material is configured for being attached to
the skin of the body part. The first elastic support material may for example comprise
cotton, acrylic fibres, be breathable and be water proof.

In most preferred embodiments, the first elastic support material comprises of
polyurethane fibres, for example elastene.

In other most preferred embodiments, the first elastic support material is configured
with a smooth surface that is defined by its coefficient of friction, wherein the coefficient
of friction between the smooth surface and a surface of steel is between 0.2 and 0.4.

The coefficient of friction may be measured using a standard friction test, using for
example a commercial system known as the KES system - a system developed by the
Hand Evaluation and Standardization Committee of the Textile Machinery Society,
Japan. In particular, the coefficient of friction may be measured using the KES-FB4.
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The coefficient of friction depends on many factors, including temperature and
moisture. Thus, the coefficient of friction as herein referred to may be for textiles that
are conditioned at a relative humidity at 65 +2% and a temperature of 22+1°C.

Friction tests may involve sliding a probe on the test material with a constant force,
whereby a coefficient of friction curve is given by the ratio of the force registered in a
transducer (attached to the probe) to the normal force. The mean value of the
coefficient of friction is thus the average height of the curve.

Accordingly, the coefficient of friction as referred to herein may be referred to as the
kinetic coefficient of friction. Furthermore, the coefficient of friction as referred to herein
may be referred to as the mean kinetic coefficient of friction.

It is clear that the coefficient of friction also depends on the probe material. For
standardized measurements, the probe is made steel.

However, it may be possible to provide a coefficient of friction measurement of textiles
on skin, for example by rubbing a measuring probe with a multi-component force
sensoron a part of the skin, whereby the normal and tangential forces can be
measured in order to determine the coefficient of friction. It has been found that
different parts of the body, i.e. different skin parts of the body, changes the coefficient
of friction measurement of a textile. Furthermore, coefficient of friction when measured
on skin is very dependent on skin type and varies from person to person, thus making it
difficult to provide a standard measurement.

For this reason, a steel probe as used to define the coefficient of friction enables a

standardized measurements for coefficient of friction.

As explained herein, the first elastic support material may be in contact with the skin,
since it may be the layer of the device that can be in contact with the patient.

The inventors have found that by having the first elastic support material configured
with a smooth surface that is defined by its coefficient of friction, wherein the coefficient
of friction between the smooth surface and a surface of steel is between 0.2 and 0.4,
enables that the device is to be placed on the skin such that the device does not
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change its placement on the body part. Furthermore, the coefficient of friction between
0.2 and 0.4 as defined above enables that the device is to be placed on the skin such
that the device defines a contact surface that is easily adapted to the body part without
the first support material being wrinkled, for example by not sticking to the body part.

As explained herein, the first elastic support material may also be in contact with a
second elastic material such as a bandage.

The inventors have found that by having the first elastic support material configured
with a smooth surface that is defined by its coefficient of friction, wherein the coefficient
of friction between the smooth surface and a surface of steel is between 0.2 and 0.4,
enables that the device is to adapt to the body part without the support material being
wrinkled, for example by not sticking to a second elastic support material such as a
bandage.

In other words, the coefficient of friction between 0.2 and 0.4 as defined above, is
selected to enable the surface of the first elastic support material to adapt to the body
part such that it does not stick to either the body part or a second elastic support
material. The inventors have found that this particular coefficient of friction provides an
optimal value. If the value was lower, the device would get misplaced. If the value was
higher, the device would wrinkle. Thus, the inventors have found that the coefficient of
friction between 0.2 and 0.4 as defined above facilitates a very precise measurement of
the circumference of the body part.

In a second embodiment, the first elastic support material length, in a relaxed state, is
between 15 cm and 85 cm. Thereby should it be configured to fit various body parts of

various sizes.

In a third embodiment, the first elastic support material is a circular band configured to
fit around a body part. The circular band may be made from the device according to the
present invention, for example by sewing the two ends of the first elastic support
material together. In other words, the first elastic support material or at least a part of it,
may be sewable to form a circular band.
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In some embodiments, the first elastic support material or at least a part of i, is
gluable. Such an embodiment may provide for the transmitting unit to be attached to
the device.

Most preferably, a kit comprises a plurality of devices, each device configured for
providing a measure of a circumference of a body part according to the first aspect of
the invention. The plurality of devices, may be up to four devices, each device being
configured such that the first elastic support material is circular as just described, and
each device with different first elastic support material length. In this way, a first device
having one circumference, may fit to some patients having swelled legs with a first
circumference interval, while another device having a second circumference, may fit to
other patients having a second circumference interval. The second circumference may
for example be larger than the first circumference interval. In relation hereto, it may
also be such that if a patient having the second device, experience a de-swelling, that
patient may then be able fit the first device, whereby a more efficient measurement
and/or treatment is achieved.

As also described earlier, the elastic support width, in a relaxed state, may be between
1 cmand 15 cm.

The first elastic support material length is able to be stretched at least 20% relative to
its relaxed state. By this embodiment there is first of all provided a measurement of the
circumference, where the circumference can increase at least 20%, for example if the
first support material is attached to the body part such that the first elastic support
layer, and thereby also the one or more electrically conducting layer(s), is/are
approximately is in a relaxed state. Secondly, there is provided a measurement of the
circumference, where the circumference can decrease after the first elastic support
material has been placed around the body part and/or the second elastic support
material, for example if the one or more electrically conducting layer(s) has/have been
pre-stretched up to at least 20% in the process of placing the first elastic support
material on the body part and/or the second elastic support material.

In preferred embodiments, the first elastic support material length is able to be
stretched up to 250% relative to its relaxed state, such as up to 40%, such as up to
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60%, such as up to 80%, such as up to 100%, such as up to 120%, such as up to
150%, or such as up to 200%.

In most preferred embodiments, the first elastic support material is stretchable to the
same degree as the one or more electrically conducting layer(s).

Additional layer

In one embodiment, at least one additional layer located above and/or below the one or
more electrically conducting layer(s) is provided, wherein the at least one additional
layer is elastic, and wherein the at least one additional layer is configured for being in
contact with the first elastic support material, thereby encapsulating the one or more
electrically conducting layer(s) in-between the first elastic support material and the at
least one additional layer, and such that at least part of the one or more electrically
conducting layer(s) is/are able to move relative to the first elastic support material
and/or relative to the at least one additional layer. Preferably the at least one additional

layer is identical to the first elastic support material.

In yet another embodiment, the at least one additional layer has an additional layer
width that, in a relaxed state and along the vertical axis, is between 1 ¢cm and 15 cm.

In a preferred embodiment, the at least one additional layer is stretchable to the same
degree as the first support material.

Measuring unit

As previously described, in one embodiment, deformation in a polymer film, for
example due to being stretched, changes the distances between two electrically
conductive layers located on opposite surfaces of the film structure. This changes the
capacitance, and the deformation can therefore be measured using the measuring unit.

In another embodiment of the device, the measuring unit is further configured for
measuring an electric property related to the one or more electrically conducting
layer(s), the electric property being related to temperature and/or moisture. For

example, this could be achieved by measuring the resistivity of a single electrically
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conducting layer as it is known that resistivity is for example temperature dependent.

In alternative or additional embodiments, the device further comprises a sensor to

measure temperature and/or moisture.

In another alternative or additional embodiment, the device further comprising an
accelerometer, for example to be able to monitor the activity of the person wearing the
device.

Preferably, the measuring unit may be attached to the first elastic support material.

In some embodiments, the measuring unit may however be detached from the first
elastic support material, for example using wired connection to the one or more

electrically conducting layer(s).

Transmitting unit, receiving unit and control unit

In one embodiment, the methods further comprises a transmitting unit configured for
transmitting the measure of the circumference of the body part to a receiving unit. The
receiving unit may receive data with the measure of the circumference of the body part

by wireless communication and/or by wired communication.

In some embodiments, the receiving unit may comprise a data storing unit. In one
embodiment, the data storing unit is a hard drive, for example a portable drive such as
a solid state drive, or an optical drive, for example connected via USB in the case of

wired communication.

In a preferred embodiment of the device, the data storing unit may also be removably
attached to the first elastic support. This may facilitate an integrated solution of the
device, but also a solution, where it may be possible to take the data storing unit from
the first elastic support material, thereby be able to plug the data storing unit into an
external data accessing unit, such as a computer or a handheld device, thereby
accessing the data on the data storing unit.
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In some embodiments of the device, the transmitting unit and/or the measuring unit

and/or the receiving unit are integrated into one unit.

In another preferred embodiment, the receiving unit is detached from the first elastic
support. This may for example be of importance, if the device is placed under a
bandage, or simply if the receiving unit does not need to be a removably attached unit.
For example, the receiving unit may be a computer, a server or a handheld device. By
accessing any of these receiving units, it is possible to get access to the data with the
measure of the circumference of the body part.

In a most preferred embodiment, the methods further comprises a control unit
configured to control the length of the one or more electrically conducting layer(s) along
the longitudinal axis, for example by receiving the measure of the circumference of the
body part directly from the transmitting unit. The one or more electrically conducting
layer(s) may be configured as an actuator, such that when the controller receives input,
for example based on the measure of the circumference of the body, the control unit
may send an electrical signal to the one or more electrically conducting layer(s), such
that the length is shortened. Thus, by having the control unit, the present invention
provides for a feed-back mechanism based, i.e. treatment that is based on tightening
the first elastic support material further to the body part when it receives instructions
based on output from the measuring unit. In other words, the present invention may
provide an automatic and self-adaptable support material, for example such as a
bandage and/or a compression garments.

Examples

Example 1 — A device suitable for the methods according to the invention

Fig. 1 shows an example of a device suitable for providing a measure according to the
various aspects of the present invention, where it can be seen that the device
comprises a first elastic support material 1 configured for being placed around and/or
on the body part, the first elastic support material having a first elastic support material
length defining an longitudinal axis 2, a first elastic support material width defining a
vertical axis 3. There is one or more electrically conducting layer(s) in contact with at
least a part of the first elastic support material along at least a part of the longitudinal
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axis and/or along at least a part of the vertical axis (not to be seen as the layer(s) are
under the first elastic support material). In addition, there is one additional layer in
contact with the one or more electrically conducting layer(s), i.e. under the first elastic
support material, wherein the at least one additional layer is elastic, and wherein the at
least one additional layer is configured for preventing moist to be transferred to the one
or more electrically conducting layer(s). Thus, the one or more electrically conducting
layer(s) cannot be seen as they are embedded between the two layers. A measuring
unit is able to be electrically connected to the one or more electrically conducting
layer(s), in this case, the measuring unit is detached from the first elastic support
material 1, using wired connection 4 to the one or more electrically conducting layer(s).
The measuring unit, not shown here, is configured for measuring an electric property
related to the one or more electrically conducting layer(s), the electric property being
related to the measure of the circumference of the body part. Further, the first elastic
support width, defining the vertical axis 3, in a relaxed state, is approximately 5 cm.
The first elastic support material is configured for being placed around and/or on the
body part by having attachment means 5 in both ends of the longitudinal axis, such that
both ends can be attached to each other (here the attachment means are on both
sides, so only the attachment means in on end can be seen).

Example 2 — providing measures for a predetermined period

The device as exemplified in Example 1 was applied to a patient suffering from severe
leg oedema. Two devices were applied around the leg under a compression bandage
at position B and C during a time period of approximately 12 hours as can be seen on
the times of measurement in Figure 2a and 2b.

In this example, the electric property is the capacitance, and it can be seen that in the
12 hour period the capacitance decreases as a function of the leg getting smaller as
the swelling decreases. Thus, the capacitance, i.e. the electric property, is able to be
related to the measure of the circumference of the body part — in this case the leg. It
can be noted, that at night time i.e. from 22:15 to 5:00 when the leg is up, the leg is
indeed getting smaller due to the patient lying down. In the night time, the capacitance
falls from ca. 6 nF to 5.5 nF. The corresponding reduction in the circumference was
from 59 cm to 53 cm. The graphs in Fig. 2a and 2b shows measurements for each 5 or
10 minutes initially and then measurements for each change, such as changing from
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sitting to walking slowly. It is apparent that any change in bandage, movement or
having the leg in horizontal position during sleep lead to a significant reduction in the
swelling and thereby the circumference of the leg, which is documented by the
monitoring method. It is also clear when the treatment is not efficient and a new
bandage is required since rewrapping the bandage after about 3 hours led to a
significant new reduction in the swelling, and before only a modest reduction had been
seen at position C. It is also clear that by using two sensors the more information may
be provided about the efficiency of the treatment.

Example 3 — A second measurement from the measuring unit
Fig. 3A shows an example of an electric property being measured during a time period
of 24 hours using the measuring unit of the device according to the first aspect of the

present invention.

Fig. 3B shows an example of an activity log during the time period of 24 hours, wherein
the 25 hours are identical to the 24 hours from Fig. 3A.

Fig. 3C shows an example of a temperature being measured during the time period of
24 hours, using a sensor to measure temperature, wherein the 25 hours are identical to
the 24 hours from Fig. 3A.

The device has been placed around a leg during from the beginning of the morning at
around 8:00. In this example, the electric property is the capacitance, and it can be
seen that in the period from 8:00 to 0:00, the capacitance decreases as a function of
the leg getting smaller as the swelling decreases. Thus, the capacitance, i.e. the
electric property, is able to be related to the measure of the circumference of the body
part — in this case the leg. In this example, the circumference decreases overnight
approximately 3.7 cm.

In the same time period, the patient wearing the device has been told to log his/her
activity during the measurement period. In this example, the log is made manually.
However, in some embodiments, the device comprises an accelerometer that is

configured for automatically logging an activity of the patient wearing the device.
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Also in the same time period, the temperature of the patient’s leg has been measured
as shown in Fig. 3C. The temperature may be related to the activity of the patient

and/or as an indication of inflammation in the leg.

Example 4 —Further measurements from the measuring unit

Fig. 4-8 show further measurements similar to the measurements as shown in Fig. 3.
The figures 3-8 demonstrate that the device has been on an individual for 5 days,
including 5 nights. Over the 5 nights, the circumference of the body part, in this case, a
leg, has decreased by 6.3 cm. As observed from the Figures 3-8, the leg decreases in

in circumference during night time, and increases in circumference during day time.

The first night, the circumference decreases from 57 cm to 53.3 cm. The second night,
the circumference decreases to 52.4 cm. The third night, the circumference decreases
to 52.1 cm. The fourth night, the circumference decreases to 51.6 cm, whereafter a
new bandage is applied. The fifth night, the circumference decreases to 50.7 cm.

The invention as provided, enables that the circumference of a body part to be
measured. As for the case in relation to the measurements shown in Fig. 3-8, the
measurements could be used to determine, when the bandage needed to be changed,
for example, as was shown, when the circumference of the leg had decreased by more
than 5 cm, indicating that the bandage was no longer optimal for that particular
circumference. As was shown, this was happened already after four nights. The
present invention provides for a device and method that makes treatment of swelled
legs more efficient. Furthermore, the experimental results have demonstrated that de-
swelling is not linear. The leg swells during day time and de-swells during night time,
however such that the circumference effectively decreases over several days and
nights. The invention has thus provided insight into treatment of swelled legs, as has
not been possible before. Accordingly, not only is a novel device disclosed herein.
Novel treatments are also achieved by the use of the device as described herein.

Example 5 - another embodiment of the device

Fig. 9 shows another example of the device according to the first aspect of the present
invention, where it can be seen that the device comprises a first elastic support
material 1 configured for being placed around and/or on the body part, the first elastic
support material having a first elastic support material length defining an longitudinal
axis 2 (the axis is not shown here), a first elastic support material width defining a
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vertical axis 3 (the axis is not shown here). There is one or more electrically conducting
layer(s) encapsulated between two elastic layers. Thus, the one or more electrically
conducting layer(s) cannot be seen as they are between two layers. A measuring unit
is able to be electrically connected to the one or more electrically conducting layer(s),

in this case, the measuring unit is detached from the first elastic support material 1,
using wired connection 4 to the one or more electrically conducting layer(s). The
measuring unit, not shown here, is configured for measuring an electric property
related to the one or more electrically conducting layer(s), the electric property being
related to the measure of the circumference of the body part. In this example, the first
elastic support material 1 comprises a surface texture adopted with a roughness similar
to a material made of polyurethane fibres (the first elastic support material is made of
polyurethane fibres) so that the first elastic support material stays in place once the first
elastic support material has been placed around and/or on the body part. Further, the
first elastic support width, defining the vertical axis 3, in a relaxed state, is
approximately 1.5 cm. The first elastic support material is configured for being placed
around and/or on the body part by having attachment means 5 in both ends of the
longitudinal axis, such that both ends can be attached to each other.
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Example 6 - another embodiment of the device with a measuring unit

Fig. 10 shows another example of the device according to the first aspect of the
present invention, now including a measuring unit 6, where it can be seen that the
device comprises a first elastic support material 1 configured for being placed around
and/or on the body part, the first elastic support material having a first elastic support
material length defining an longitudinal axis (2) (the axis is not shown here), a first
elastic support material width defining a vertical axis 3 (the axis is not shown here).
There is one or more electrically conducting layer(s) encapsulated between two elastic
layers. Thus, the one or more electrically conducting layer(s) cannot be seen as they
are between two layers. A measuring unit is able to be electrically connected to the one
or more electrically conducting layer(s), in this case, the measuring unit is detached
from the first elastic support material 1, using wired connection 4 to the one or more
electrically conducting layer(s). The measuring unit 6, now shown here, is configured
for measuring an electric property related to the one or more electrically conducting
layer(s), the electric property being related to the measure of the circumference of the
body part. In this example, the first elastic support material 1 comprises a surface
texture adopted with a roughness similar to a material made of polyurethane fibres (the
first elastic support material is made of polyurethane fibres) so that the first elastic
support material stays in place once the first elastic support material has been placed
around and/or on the body part. Further, the first elastic support width, defining the
vertical axis 3, in a relaxed state, is approximately 1.5 cm. The first elastic support
material is configured for being placed around and/or on the body part by having
attachment means 5 in both ends of the longitudinal axis, such that both ends can be
attached to each other.
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A method for determining the efficiency of a treatment of oedema in a body part
by compression bandaging, said method comprising

applying said bandaging to said body part,

applying at least one sensor to said body part under, within or over said
bandaging, each sensor comprising

— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;

registering a plurality of measures of the circumference of the body part during
a predetermined period,

determining that the treatment is efficient when the circumference of the body
part has decreased to below a predetermined cutoff value and/or the decrease
of the circumference of the body part is above a predetermined cutoff value
after said predetermined period.

The method according to claim 1, wherein the predetermined period is at least
12 hours, such as at least 24 hours, such as at least 2 days, such as at least 3
days.

The method according to any of the preceding claims, wherein the cutoff for the
decrease is at least 0.5 to 3.0 cm.

The method according to any of the preceding claims, wherein at least two
sensors are applied, such as at least three sensors.
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The method according to any of the preceding claims, wherein the sensor
comprises a first elastic support material configured for being placed around
and/or on the body part and/or on a second elastic support material in contact
with the body part, the first elastic support material having a first elastic support
material length defining an longitudinal axis, a first elastic support material width
defining a horizontal direction and a first elastic support material thickness
defining a lateral axis.

The method according to any of the preceding claims, wherein said one or more
electrically conducting layer(s) is(are) in contact with at least a part of the first
elastic support material along at least a part of the longitudinal direction and/or
along at least a part of the horizontal direction.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) has/have an electrically conducting layer length
that is able to be stretched at least 20% relative to its relaxed state.

The method according to any of the preceding claims, wherein the body part is
a leg or a part thereof, a foot or a part thereof, an arm or a part there, and/or a
hand or a part thereof, the trunk and/or the head.

The method according to any of the preceding claims, further comprising a
transmitting unit configured for transmitting the measure of the circumference of

the body part to a receiving unit.

The method according to claim 9, wherein the receiving unit comprising a data

storing unit.

. The method according to any of the claims 10-10, wherein the transmitting unit

is attached to the first elastic support.

The method according to any of the claims 9-10, wherein the transmitting unit is
detached from the first elastic support.
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The method according to any of the claims 9-12, wherein at least two of the
units selected from the transmitting unit, the measuring unit and/or the receiving

unit are integrated into one unit.

The method according to any of the claims 9-133, wherein the data storing unit
is a computer, a server or a handheld device.

The method according to any of the claims 10-14, wherein the receiving unit
comprises a control unit configured to control the width of the one or more
electrically conducting layer(s) along a longitudinal direction by sending an
electrical signal to the one or more electrically conducting layer(s).

The method according to any of the preceding claims, wherein the second
elastic material is a bandage and/or a compression garment.

The method according to any of the preceding claims, wherein the device
further comprising one or more non-elastic support material(s) extending from
the one or more electrically conductive layer(s) or from the first elastic support
material along the longitudinal direction, and/or along the horizontal direction.

The method according to any of the preceding claims, wherein the device
comprises attachment means in both ends of the longitudinal axis, such that
both ends can be attached to each other.

The method according to any of the preceding claims, wherein the first elastic
support material is configured for being attached to the skin of the body part.

The method according to any of the preceding claims, wherein the first elastic
support material is a bandage or a compression garment.

The method according to any of the preceding claims, wherein the first elastic
support material length, in a relaxed state, is between 15 ¢cm and 85 cm.

The method according to any of the preceding claims, wherein the elastic
support width, in a relaxed state, is between 1 cm and 15 cm, such as between
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2and 10 cm.

The method according to any of the preceding claims, wherein the first elastic
support material length is able to be stretched at least 20% relative to its
relaxed state.

The method according to any of the preceding claims, wherein the first elastic
support material length is able to be stretched up to 250% relative to its relaxed
state.

The method according to any of the preceding claims, wherein the first elastic
support material is stretchable to the same degree as the one or more
electrically conductive layer(s).

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) has/have an electrically conducting layer length,
in a relaxed state, that is less than 90% relative to the elastic support length,
such as less than 75%, such as less than 60%, such as less than 50%, such as
less than 40%, such as less than 30%, such as less than 20%, or such as less
than 10%.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) has/have an electrically conducting layer length,
in a relaxed state, between 2 cm and 85 cm.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) has/have an electrically conducting layer width,
in a relaxed state, between 1 cm and 15 cm, such as between 2 and 10 cm.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) has/have an electrically conducting layer length
that is able to be stretched at least 20% relative to its relaxed state.
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The method according to any of the preceding claims, wherein one or more
electrically conducting layer(s) is/are stretchable to the same degree as the first
elastic support material.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) has/have an electrically conducting layer length
that is defined by the body part such that when the first elastic support material
is placed around and/or on the body part and/or on the second elastic support

material in contact with the body part, the electrically conducting layer length is
pre-stretched at least 20% relative to its relaxed state.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) are separated from each other along the

horizontal direction.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) are separated from each other along the
longitudinal direction.

The method according to any of the preceding claims, wherein the one or more
electrically conducting layer(s) is/are separated from each other along the
lateral direction by having a stretchable film between said layers.

The method according to claim 34, wherein the stretchable film defines that the
electric property is the electric capacitance of the stretchable film.

The method according to any of the claims 34-355, wherein the stretchable film
stretchable to the same degree as the first elastic support material.

The method according to any of the preceding claims, wherein the electric
property is the resistivity of the electrically conducting layer(s).

The method according to any of the preceding claims, wherein the measuring
unit is further configured for measuring an electric property related to the one or
more electrically conducting layer(s), the electric property being related to
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temperature and/or moisture.

The method according to any of the preceding claims, wherein the device

further comprises a sensor to measure temperature and/or moisture.

The method according to any of the preceding claims, wherein the measuring
unit is attached to the first elastic support material.

. The method according to any of the preceding claims, wherein the measuring

unit is detached from the first elastic support material.

. The method according to any of the preceding claims, further comprising at

least one additional layer in contact with the one or more electrically conducting
layer(s), wherein the at least one additional layer is elastic, and wherein the at
least one additional layer is configured for preventing moist to be transferred to
the one or more electrically conducting layer(s).

The method according to claim 422, wherein the at least one additional layer is
identical to the first elastic support material.

The method according to any of the claims 422-433, wherein the at least one
additional layer has an additional layer width, in a relaxed state, between 1 cm

and 15 cm, such as between 2 and 10 cm.

The method according to any of the claims 422-444, wherein the at least one
additional layer is stretchable to the same degree as the first support material.

A method for determining the efficiency of maintenance compression treatment
of chronic oedema in a body part, said method comprising

applying a compression bandage or garment to said body part,

applying at least one sensor to said body part under, within or over said
bandage or garment, each sensor comprising
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— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;

registering a plurality of measures of the circumference of the body part during
a predetermined period,

determining that the treatment is efficient when the circumference of the body
part varies within a predetermined interval during said predetermined period.

The method according to claim 46, wherein the predetermined interval is a
range of from 0.5 cm to 3.0 cm.

The method according to claim 47, having one or more of the features of any of
the claims 2-45.

A method for determining the lifetime end of a compression bandage or
garment for bandaging a body part, said method comprising

applying said bandage or garment to said body part,

applying at least one sensor to said body part under, within or over said
bandage or garment, each sensor comprising

— one or more electrically conducting layer(s) on or around at least a part of
said body part, wherein the electrically conducting layer(s) is/are
stretchable;

— a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is configured
for measuring an electric property related to the one or more electrically
conducting layer(s), and the electric property is related to the measure
of the circumference of the body part;
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- registering a plurality of measures of the circumference of the body part during
a predetermined period,

- determining that that the lifetime of the compression bandage or garment has
ended when the circumference of the body part increases above a
predetermined cutoff and/or the increase is above a predetermined cutoff during
said predetermined period.

50. The method according to claim 49, wherein the predetermined cutoff for the

increase is 3.0 cm.

51. The method according to claim 49 or 50, having one or more of the features of
any of the claims 2-45.

52. A method for determining the risk of skin infection in an individual having a
bandaged body part, said method comprising

o applying said bandaging to said body part,

o applying a sensor to said body part under, within or over said bandaging,
said sensor comprising
»= one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable;
* ameasuring unit that is configured for measuring the

temperature and/or moisture of the body part;

o registering a plurality of said measures of the body part during a
predetermined period,

o determining that there is a risk of skin infection under the bandage when
the measure of temperature and/or moisture increases above a

predetermined cutoff during said predetermined period.

53. The method according to claim 52, wherein the measuring unit configured for
measuring the temperature and/or moisture of the body part is electrically
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connected to the one or more electrically conductive layer(s), whereby the
measuring unit is configured for measuring an electric property related to the
one or more electrically conducting layer(s), and the electric property is related
to the measure of the temperature and/or moisture of the body part.

54. The method according to claim 52 or 53, wherein the measuring unit comprises

a sensor to measure temperature and/or moisture.

55. The method according to any of the claims 52-54, having one or more of the
features of any of the claims 2-45.

56. A method for treating oedema of a body part, comprising

o applying a bandage to said body part,

o applying an actuatable sensor to said body part under, within or over said
bandaging, said sensor comprising

* one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable, and wherein the electrically
conducting layer(s) is/are retractable upon a signal applied to the
layer(s);

* a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is
configured for measuring an electric property related to the one
or more electrically conducting layer(s), and the electric property
is related to the measure of the temperature and/or moisture of
the body part;

o registering a plurality of said measures of the body part during a
predetermined period,

o actuating the sensor thereby retracting the sensor when the
circumference of the body part increases above a predetermined cutoff
after said predetermined period.
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The method according to claim 56, wherein the method also includes a control
unit and a transmitting unit, whereby the control unit is configured to control the
length of the one or more electrically conducting layer(s) along the longitudinal

axis.

The method according to claim 57, wherein the control unit receives the
measure of the circumference of the body part directly from the transmitting

unit.

The method according to any of the claims 56-58, wherein the signal is an
electrical signal to the one or more electrically conducting layer(s) to cause a
retraction of the layer(s).

The method according to any of the claims 56-59, wherein at least two
actuatable sensors are applied, and the actuation of the sensor is performed
individually for each sensor.

The method according to any of the claims 56-60, wherein the retraction of the
sensor is maintained for said predetermined period.

The method according to any of the claims 56-60, wherein the actuatable

sensor performs a pulsating movement of repetitive retractions and relaxations.

A method for designing a compression garment for the maintenance treatment
of chronic oedema in a body part, said method comprising

obtaining said plurality of measures of the circumference of the body part from
at least one sensor position according to the method as defined in any of claims
46-48, for at least one predetermined period,

determining the compression requirements for each segment of the body part
corresponding to the sensor positions,

designing a compression stocking based on the determined compression

requirements.
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64. The method according to claim 63, wherein the compression stocking is
designed to have at least two stocking segments, wherein said at least two
stocking segments have different compression characteristics.

65. The method according to claim 63 or 64, wherein measures of the

circumference are obtained for at least two sensor positions.

66. A compression stocking for maintenance compression treatment comprising at
least a first segment and a second segment, wherein the compression
characteristic in the first segment is different from the compression
characteristic in the second segment.

67. A method for identifying a treatment regimen for an individual, comprising the
steps of:
- applying a bandaging to said body part,
— applying at least one sensor to said body part under, within or over said
bandaging, each sensor comprising:
¢ one or more electrically conducting layer(s) on or around at least
a part of said body part, wherein the electrically conducting
layer(s) is/are stretchable;
¢ a measuring unit that is electrically connected to the one or more
electrically conductive layer(s), wherein the measuring unit is
configured for measuring an electric property related to the one
or more electrically conducting layer(s), and the electric property
is related to the measure of the circumference of the body part;
— registering a plurality of measures of the circumference of the body part
during a predetermined period,

— registering a plurality of measures of the movement of the body part
during the predetermined period, and

— determining the treatment regimen from said plurality of measures of the
movement of the body part.
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The method according to claim 67, wherein the plurality of measures of the

movement of the body part is measured using an accelerometer.

The method according to claim 67, wherein the plurality of measures of the
movement of the body part is measured using the sensor.

The method according to claim 68, wherein the accelerometer is integrated into
the sensor.

The method according to any of the claims 67-70, wherein the treatment
regimen relates to an activity of the individual.

The method according to any of the claims 67-71, wherein the treatment
regimen relates to a type of the individual.

The method according to any of the claims 67-72, wherein the treatment

regimen is displayed to the individual on a display.

The method according to any of the preceding claims, wherein the step of
applying at least one sensor to said body part is followed by determining an
amount of stretch of the sensor, such that
— if the amount of stretch is below a predetermined amount, a warning
related to under-stretching is displayed to the individual on a display,
and
— if the amount of stretch is above a predetermined amount, a warning

related to over-stretching is displayed to the individual on a display.
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:' Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.
3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. I:' No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-74

A method for determining the efficiency of a treatment of
oedema

1.1. claims: 46-48, 63-66

A method for determining the efficiency of maintenance
compression treatment of chronic oedema

1.2. claims: 49-51

A method for determining the lifetime end of a compression
bandage or garment

1.3. claims: 52-55

A method for determining the risk of skin infection
1.4. claims: 56-62

A method for treating oedema of a body part
1.5. claims: 67-74

A method for identifying a treatment regimen for an

individual
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Continuation of Box II.1

Claims 1 - 74 relate to a methods which explicitly or inherently involve
the treatment of oedema. In particular, all independent claims include
the step of applying a compression bandaging to a body part, where the
resulting compression of the body part is part of an oedema treatment
(cf. page 1, line 3 - 8). Compression treatment of oedema is considered
as a method of therapy in the meaning of Rules 39.1(iv) and 67.1 (iv)
PCT. Thus, no search was carried out for the claims (Article
17(2)(a) (i) (iv)) and no written opinion about novelty, inventive step or
industrial applicability of these claims will be given (Article
34(4)(a) (i) PCT). It is noted that some of the independent claims, in
addition to defining a method of therapy, imply a diagnostic method in
the sense of Rules 39.1(iv) and 67.1 (iv) PCT. In particular,
determining treatment efficiency (claims 1, 46) implies determining if
the pathological oedema condition improves or deteriorates, which is
considered as a diagnosis stricto sensu.

Further, it is noted that claim 52, in addition to defining a method of
therapy, relates to a method of determining the risk of infection which
defines a diagnostic method in the sense of Rules 39.1(iv) and 67.1 (iv)
PCT.

Nevertheless, a search was conducted which was directed to the common
device feature of the independent claims, as follows:

a sensor in combination with a compression bandage or garment, the
sensor comprising one or more electrically conducting layer(s) on or
around at least a part of said body part, wherein the electrically
conducting layer(s) is/are stretchable; a measuring unit that is
electrically connected to the one or more electrically conductive
layer(s), wherein the measuring unit is configured for measuring an
electric property related to the one or more electrically conducting
layer(s), and the electric property is related to the measure of the
circumference of the body part.

Continuation of Box II.1

Claims Nos.: 2-74

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy Rule 39.1(iv) PCT - Diagnostic method practised on the human or
animal body

A search was conducted which was directed to the common device feature of
the independent claims, as follows: a sensor in combination with a
compression bandage or garment, the sensor comprising one or more
electrically conducting layer(s) on or around at least a part of said
body part, wherein the electrically conducting layer(s) is/are
stretchable; a measuring unit that is electrically connected to the one
or more electrically conductive layer(s), wherein the measuring unit is
configured for measuring an electric property related to the one or more
electrically conducting layer(s), and the electric property is related to
the measure of the circumference of the body part.
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