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(57) Abstract: The invention relates to a measurement device (100) for detecting and measuring pain, distress, or other discomfort of
a user. The measurement device (100) comprises: i) an external housing (110) having at least partially tlexible walls (110w) and being
contigured for being held and squeezed by a hand (200) of the user, wherein the external housing (110) defines a first closed volume
(105), and a force sensor (170) for detecting and measuring pressure in the first closed volume (105). The measurement device (100)
further comprises an inner housing (150) located within the external housing (110), wherein the inner housing (150) defines a second
closed volume (155), the second closed volume (155) comprising the force sensor (170), wherein the inner housing (150) comprises a
flexible membrane (152) that is placed such that the flexible membrane (152) faces the first closed volume (105) at a first side (152s1) of
the flexible membrane (152) and faces the force sensor (170) at a second, opposite, side (152s2) of the tlexible membrane (152), wherein
the flexible membrane (152) is positioned such that there is a gap (152d) between the flexible membrane (152) and the force sensor
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(170) when no force is applied by the user to the external housing (110). The measurement device in accordance with the invention
may be more accurate, more robust, more endurable and more user-friendly.
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MEASUREMENT DEVICE FOR DETECTING AND MEASURING PAIN

FIELD OF THE INVENTION

The invention relates to a measurement device for detecting and measuring pain, distress
or other discomfort of a user. The invention also relates to a readout activation system for

activating reading out of such measurement device.

BACKGROUND OF THE INVENTION

Pain is one of the most frequent reasons for consulting a physician. The patient often
cannot give a clearly understandable answer {o the physician's question of how severe the
pain is. Either the patient cannot find the right words or the physician does not understand
the words used. This is inter alia because pain is a subjective sense impression, which
includes sensory, cognitive and emotional aspects. An accurate measurement of pain is,
however, very important, e.g. for diagnosis, when adjusting the medicinal pain therapy or
in pain medication research. A plurality of methods of detecting pain have been developed
to date. Most of them can be divided into two categories: One-dimensional pain scales
and multidimensional pain questionnaires. The most important one-dimensional scale is
the "Visual Analog Scale” (VAS). It consists of a 10cm long line whose left end is marked
by “No pain” and whose right end is marked by “Very severe pain”. The patient marks the
point on the line corresponding to his pain. The NRS (Numerical Rating Scale), where the
selection of a number from 0-10 is communicated verbally to represent the pain, is closely
related to the VAS. The VAS is used the most since it is not at all complicated and does
not require any great explanations. The problem with such scales is, however, that as a
person completing the scale one generally tends toward the centre and is averse to mark-
ing the extremes. On a multiple use of the VAS, users also tend toward an evaluation,
which becomes closer and closer (convergence) with different pain intensity. This has the
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consequence that the physician acquires the impression with the detection method that
only small changes are present. The most important pain questionnaire is the McGill Pain
Questionnaire (MPQ). The patient is given a large choice of adjectives of which he checks
the ones, which correspond to his pain. The adjectives are divided into three classes:
sensory, affective and evaluative. A plurality of aspects of the pain are thus admittedly
detected, but filling out takes a long time and the patient also has to understand and/or

know all the adjectives to be able to complete the MPQ correctly.

There are various technical devices to detect pain, for example the apparatus disclosed in
EPO0,874,587B1. They are, however, mostly computerized variants of the known scales
VAS or questionnaires MPQ, including their disadvantages. There are furthermore devic-
es for applying pain stimuli for the measurement of pain thresholds and pain tolerance,
e.g. the apparatus disclosed in W0O2004/103230A1.

WO02009/052100A1 discloses a further apparatus for measuring pain. This apparatus has
the disadvantage that the pain can only be measured with extreme imprecision and that

the apparatus is only suitable to measure intestinal pain.

US2013/0046205A1 discloses a device for detecting and measuring pain felt by a person.
Said device comprises a pressure or force sensor, a hollow body having an outer sleeve
and an inner space, and an electronic unit for detecting the signal of the pressure or force
sensor. The outer sleeve of the hollow body is embodied in such a way that it can be at
least partially surrounded by a hand, the inner space of the hollow body is filled with a
non-gaseous elastic material or a non-gaseous fluid, and the pressure or force sensor is
arranged in such a way that the pressure of the elastic material or the fluid can be meas-
ured. When the person (the patient) feels pain he or she intuitively squeezes the hollow
body thereby applying a pressure to the force sensor, which is indicated for the amount of
pain the person experienced. It has been shown by experiments that these measurements
are quite effective and much more accurate than the earlier described methods of regis-
tering pain. Moreover, the device may be read out by a computer in the physician’s office.
The logged date may then be read out, presented in a graph, and assessed by the physi-
cian, who now gets a much clearer and accurate picture of the pain history of the patient.

Despite the latest developments in the prior art, there is still a need for further improving
this technology to render the device more accurate, more robust, portable, more endura-

ble, and more user-friendly.
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SUMMARY OF THE INVENTION

The invention has for its object to remedy or to reduce at least one of the drawbacks of

the prior art, or at least provide a useful alternative to prior art.

The object is achieved through features, which are specified in the description below and

in the claims that follow.

The invention is defined by the independent patent claims. The dependent claims define

advantageous embodiments of the invention.

In a first aspect, the invention relates to a measurement device for detecting and measur-
ing pain or other discomfort of a user. The measurement device comprises: i) an external
housing having at least partially flexible walls and being configured for being held and
squeezed by a hand of the user, wherein the external housing defines a first closed vol-
ume, and ii) a force sensor for detecting and measuring pressure in the first closed vol-
ume. The measurement device further comprises an inner housing, wherein the inner
housing defines a second closed volume, the second closed volume comprising the force
sensor, wherein the inner housing comprises a flexible membrane that is placed such that
the flexible membrane faces the first closed volume at a first side of the flexible membrane
and faces the force sensor at a second, opposite, side of the flexible membrane, wherein
the flexible membrane is positioned such that there is a gap between the flexible mem-
brane and the force sensor when no force is applied by the user fo the external housing.
Furthermore, at a certain predefined pressure applied by the user the flexible membrane
touches the force sensor, wherein the force sensor from that instant starts to register a

force.

The effects of the measurement device in accordance with the invention may be under-
stood as follows. In the invention an internal housing is provided, wherein the internal
housing comprises the force sensor. The second housing defines a second closed volume
within the first closed volume. The housing further comprises a flexible membrane, which
on one side faces the first closed volume, and on the other side the force sensor. The
internal housing is designed such that a gap is provided between said membrane and the
force sensor, when the measurement device is at rest. The advantage of this measure-
ment device with respect to the known measurement device as discussed earlier is that
the design of the invention effectively builds in a certain threshold force above which the
measurement device detects and measures a pressure in the first closed volume (i.e.
when the measurement device is squeezed), and below which no force is detected and
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measured. When a force is applied to the external housing, which increases the pressure
in the first closed volume, this pressure first has to overcome a reaction force of the mem-
brane, thereby pushing it closer to the force sensor. At a certain predefined pressure the
membrane will touch the force sensor, which from that instant start to register a force. The
inventor has realized that using a small threshold force will not severely deteriorate the
reliability of the pain or discomfort measurement, i.e. a patient will always exceed such
threshold force, in case of pain or discomfort. The inventor has also realized the user us-
ing the measurement device will typically carry it in a pocket or bag. While doing so the
measurement device might be squeezed or deformed unintentionally, thereby creating the
risk of unintentional registration of pain or discomfort. The invention thus conveniently
reduces this risk by implementing the threshold force as described above.

A few terms used in this specification will be explained hereinafter.

Wherever the wording “closed volume” is used this is to be interpreted as a space within a
housing that is closed, wherein said space may be filed with a fluid (gas or liquid), but also
flexible material. When a flexible material is used, the housing obviously does not need to
be fiuid tight (so the word “closed” does not necessarily mean air or liquid tight), but when
a liquid or gas is used it should preferably be (liquid/air) tight (or sealed). For the word
‘volume”, other words could be used as well, such as “space’, “chamber”, “room”, “enclo-
sure”, “region”, or the like. It is submitied that all these different words have a commonali-
ty, namely that it may contain or comprise things like other components, gas, liquid, flexi-
ble material, porous material, or combinations of the above, etc.

in an embodiment of the measurement device in accordance with the invention the flexible
membrane is provided with a protruding element at the second side, wherein the protrud-
ing element is configured for pressing on the force sensor when the flexible membrane is
pushed towards the force sensor upon the application of the force on the external housing
by the hand of the user. This embodiment conveniently increases the sensitivity of the
measurement device, starting from the threshold force, because as soon as the protruding
element fouches the force sensor the force (pressure) applied to the force sensor is higher
than what it would have been without the protruding element. Moreover, this embodiment
is particularly advantageous when the flexible area is larger than the area of the force

sensor.

In an embodiment of the measurement device in accordance with the invention the pro-
truding element is designed to have a contact area when pushed to be in contact with the
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force sensor, wherein the contact area is designed to be a predefined factor smaller than
a membrane area of the flexible membrane. The amplification factor of the force applied
by the membrane is roughly determined by the area of the flexible membrane divided by

the contact area of the protruding element.

in an embodiment of the measurement device in accordance with the invention the meas-
urement device further comprises an electronic circuit coupled with the force sensor for
controlling and reading out the force sensor and for storing the measurements. The elec-
tronic circuit may register when the measurement device is squeezed, how long this took
place, and how much force was applied (which is an indication of the level of pain, dis-

comfort or distress).

in an embodiment of the measurement device in accordance with the invention the meas-
urement device further comprises a battery for supplying power to the electronic circuit. It
is convenient to use a battery-powered device, when the measurement device is to be
carried by a user all day long, and when it has to be used at all places he or she may be.
Such battery-powered device, when being small, portable, and handheld, is also incon-
spicuous, which offers the user privacy, i.e. nobody will know he or she carries such de-

vice.

In an embodiment of the measurement device in accordance with the invention the elec-
tronic circuit further comprises a communication circuit for communicating registered data
with a readout system. Preferably, such communication circuit comprises a wireless
communication circuit, such as a Bluetooth transceiver circuit.

In an embodiment of the measurement device in accordance with the invention the elec-
tronic circuit further comprises a switching circuit, which is configured for deactivating part
of the electronic circuit, preferably at least the communication circuit, during the time that
the measurement device is not being read out by a readout system, and for activating the
part during the time that the measurement device is to be read out by the readout system.
Battery lifetime is of high importance. This problem is also acknowledged in Kanjo, E., Al-
Husain, L., & Chamberlain, A. (2015). Emotions in context: examining pervasive affective
sensing systems, applications, and analyses. PersUbiq Compute 19(7), (1197-1212). As
pointed out in Kanjo et. al., applications used in affective sensing pose a challenge to
hardware designers, as the continuous availability of the application can be a drain on
available power resources. The inventors have realized that certain circuitry, such as the
communication circuit (Bluetooth) can easily be switched off during normal use (non-
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readout) of the measurement device. The switching circuit does not necessarily need to
directly switch the respective part electronically (i.e. in hardware), but could also be used

to trigger the deactivation through software.

In an embodiment of the measurement device in accordance with the invention the switch-
ing circuit is controllable by a magnetic field. This embodiment conveniently cooperates
with a so-called readout activation system that the inventors developed together with the
measurement device. This readout activation system may be conveniently provided with
one or more magnets such that the presence of a magnetic field may trigger the meas-
urement device to activate said part of the circuitry, including the communication circuit.
Similarly, the absence of the magnetic field will trigger the measurement device to deacti-

vate said part of the circuitry.

In an embodiment of the measurement device in accordance with the invention the inner
housing further comprises a space for containing respective components other than the
force sensor. The electric circuit may be conveniently placed within this space, for exam-
ple in the form of a printed-circuit board (PCB).

in an embodiment of the measurement device In accordance with the invention the inner
housing is suspended within the first closed volume of the external housing by means of a
positioning member that fixes the inner housing to the inside of the external housing. The
inner housing is preferably suspended in the middle of the first closed volume such that
during squeezing the user does not experience any obstructions.

fn an embodiment of the measurement device in accordance with the invention the force
sensor comprises a force-sensitive resistor. The force-sensitive resistor provides for a
low-power solution, because it only provides for a measurement signal when a force is
applied to it. Thus in rest, no power is consumed, which increases the battery lifetime sig-
nificantly.

In an embodiment of the measurement device in accordance with the invention the first
closed volume is at least partially filled with a fluid or an elastic material. The fluid may be
a liquid or a gas. Alternatively, the first closed volume could contain an elastic porous ma-
terial, which regains its form after squeezing it, wherein the pores are filled with a fluid.

In an embodiment of the measurement device in accordance with the invention the sec-
ond closed volume is at least partially filled with a further fluid for converting a pressure on
the flexible membrane into a pressure applied to the force sensor. In case of using a liquid



(51

10

15

20

25

WO 2017/183994 7 PCT/NO2017/050098

in the second closed volume, special measures may be necessary for protection of the
force sensor. Either the force sensor has to be able to tolerate contact with liquid or it has

to be properly sealed.

In a second aspect, the invention relates to a readout activation system for activating
reading out of the measurement device in accordance with claim 14. As a plug belongs to
a socket, the readout activation system for activating the measurement device belongs to
a group of embodiments of the measurement device of the invention, in particular those

that comprise a switch for deactivating part of the electronic circuit.

In an embodiment of the readout activation system in accordance with claim 15 the
readout activation system comprises a receiving region, such as a recess, for receiving
the measurement device, and further comprises at least one magnet configured for gen-
erating a magnetic field for controlling the switching circuit for activating or deactivating
the part of the electronic circuit when the measurement device is put in or taken from the
receiving region, respectively. This embodiment of the readout activation system conven-
iently cooperates with the embodiments of the measurement device of the invention,
which comprise the switch that is activated by a magnetic field.

BRIEF INTRODUCTION OF THE DRAWINGS

In the following is described an example of a preferred embodiment illustrated in the ac-

companying drawings, wherein:

Fig. 1 shows an exploded view of an embodiment of the measurement device in
accordance with the invention;

Fig. 2 shows an enlarged cross-sectional view of part of the measurement device of
Fig. 1;

Figs. 3a-3c illustrate some aspects of the functioning of the measurement device of the

invention;

Figs. 4a-4d illustrate some other aspects of the functioning of the measurement device of

the invention;
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Figs. 5a-5¢ illustrate an embodiment of a readout activation system and a readout sys-
tem for reading out said measurement device in accordance with the inven-

tion; and

Fig. 8 ilustrates the operation of the readout activation system.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The present invention relates to a measurement device for detecting and measuring pain,
distress, or other discomfort of a user. The core of this measurement device is a pressure
registration unit for registration of the pressure, which a user applies to the unit. The pres-
sure registration unit will preferably be arranged to be able fo register pressure in combi-
nation with time, such that it may be registered, for instance, when the user applies pres-
sure fo the unit, for how long the user applies the pressure, and how much pressure is
applied. The pressure registration unit according to the invention can be used for instance
in the fields of medicine, psychiatry, child welfare, and similar fields. The invention can be
of a size which fits into the hand of the user. The purpose of the invention is to help the
user and their therapist (or similar) to register for instance chronic pain, fear, withdrawal
symptoms, and so on. Reference is made to US2013/0046205 for more background in-
formation and explanation on using such device and why it is beneficial.

Fig. 1 shows an exploded view of an embodiment of the measurement device 100 in ac-
cordance with the invention. The measurement device 100 comprises an external housing
110 having flexible walls 110w. The external housing 110 defines (alternatively the words
‘encloses or isolates” could be used in this context) a first closed volume 105. In Fig. 1 it
is shown that the housing 110 comprises two parts 110a, 110b that are mounted together
(through gluing, screwing, clamping, or the like). The measurement device 100 further
comprises an internal housing 150, which is suspended within the external housing 110 by
means of a positioning member 125 as shown. As the external housing is flexible, the
positioning member 125 is preferably also flexible. When the respective parts 110a, 110b
of the external housing are mounted together, they effectively hold the positioning mem-
ber 125 in place. The internal housing 150 comprises a first part 151, which may be non-
flexible or at least much less flexible than the external housing 110. The first part 151 of
the internal housing partially defines a first space 155, which comprises a force sensor
170, which preferably is a force-sensitive resistor (FSR), because of its low power con-
sumption advantage. The first space 155 is further sealed off by a flexible membrane 152,
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which in this embodiment is to be clicked over said first part 151 of the internal housing
150 and held in place with an O-ring 160, as illustrated. The membrane 152 in this em-
bodiment is provided with a protruding element 152p, which is advantageous as dis-

cussed in the introduction of this specification.

Fig. 2 shows an enlarged cross-sectional view of the part of the measurement device of
Fig. 1. In the figure, the flexible membrane 152 has been mounted on the first part 151 of
the internal housing 150. By mounting said flexible membrane 152, the second closed
volume 155 (earlier mentioned first space) is formed. It is illustrated how the flexible
membrane 152 faces the first closed volume 105 on a first side 152s1 thereof, and the
force sensor 170 on a second, opposite, side 152s2 thereof. The figure further illustrates
that there is a gap 152d between said protruding part 152p and the force sensor 170. An-
other aspect that Fig. 2 illustrates is the amplification of the pressure/force applied to the
membrane 152. The pressure in the first closed volume 105 presses on an area 152a with
the size as illustrated by the arrow. Under this pressure the membrane 152 may bend
towards the force sensor 170. As soon as the protruding element 152p of the membrane
touches the force sensor 170 it is the contact area 152pa of the protruding element 152p,
as illustrated by the other arrow, which will transfer the force to the force sensor 170. This
force/pressure is effectively an amplified version of the force applied to the membrane
152. The amplification factor is typically in the order of the ratio between the membrane
area 152a and the contact area 152pa of the protruding element 152.

Fig. 2 further illustrates that the force sensor 170 is connected to a printed-circuit board
(PCB) 180 via a connecting wire (or wires) 171. The PCB 180 is provided in a second
space 181 of the internal housing 150 as illustrated. The PCB 180 is provided with en
electronic circuit 182 (i.e. an integrated circuit}, which may comprise a processor or con-
trol unit for controlling and reading out the force sensor 170 and storage circuitry for stor-
ing said measurements). The electronic circuit 182 in this embodiment also comprises a
switching circuit 184 and a communication circuif 186. The communication circuit 186 may
be a Bluetooth transceiver circuit, which as such is well-known to the person skilled in the
art. The electronic circuit is power by a battery 180. The switching circuit 184 has been
added to facilitate deactivating part of the electronic circuit 182, in particular the communi-
cation circuit 186, for reasons as earlier discussed, i.e. save power and thereby increase
battery lifetime.

Figs. 3a-3c illustrate some aspects of the functioning of the measurement device of the
invention. In Fig. 3a the hand 200 of the user applies the so-called threshold pressure to
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the measurement device 100. In this situation the flexible membrane 152, or the protrud-
ing element 152p if present, barely touches the force sensor 170, i.e. it begins to apply a
small force when the force applied to the measurement device 100 is further increased.
Fig. 3b shows the situation where the user applies a medium force to the measurement
device. In this situation the flexible membrane 152, or the protruding element 152p if pre-
sent, applies a force to the force sensor 170. Fig. 3c shows the situation where the user
applies a maximum force to the measurement device. With “maximum force” it is meant
the maximum force that can be registered, not the maximum force that could be applied.
The force sensor 170 in this situation outputs its maximum signal level to the electronic
circuit 180.

Figs. 4a-4d illustrate some other aspects of the functioning of the measurement device of
the invention. Fig. 4a shows the equilibrium situation, where the user does not apply a
pressure to the measurement device 100. Consequently, the membrane 152 applies a
zero force FO to the force sensor 170 (although there is still the pressure in the 155 sec-
ond closed volume, which applies a pressure on the force sensor 170). Fig. 4b shows the
situation which complies with Fig. 3a. A minimum force Fmn is applied to the force sensor
170. Fig. 4c shows the situation that complies with Fig. 3b. A medium force Fmd is applied
to the force sensor 170. Fig. 4d shows the situation that complies with Fig. 3c. The maxi-
mum registerable force Fmx is applied to the force sensor 170. The reason for differentiat-
ing between F0 and Fmn is that the force sensor may be very sensitive (for instance when
an FSR is used). Thus, in case of small pressure variations in the situation of Fig. 4a hav-
ing the gap between the membrane 152 and the force sensor 170 nothing will be meas-
ured and registered by the measurement device 100. In the situation of Fig. 4b however
the pressure is registered by the measurement device 100. Expressed differently, the
small-signal behaviour in these two situations is very different.

Figs. Sa-5¢ illustrate an embodiment of a readout activation system 300 and a readout
system for reading out said measurement device in accordance with the invention. The
focus of the inventor has been to increase battery lifetime as much as possible. The
communication circuit 182 only needs to be active when the measurement device 100 is
read out by a readout system (i.e. laptop, table, PC, smariphone) 400. As discussed earli-
er the measurement device 100 may comprise a switching circuit for (triggering) deactivat-
ing said communication 182 (and/or other parts). In a preferred embodiment the deactiva-
tion is done in software. The measurement device 100 is configured such, that when it is
put in the readout activation device 300 (also called the crib) it will broadcast and be ready
for connection for a predefined time, for instance 30 seconds. After this time has lapsed,
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the measurement device 100 will return to its sleep mode again (arranged in software)
even if the measurement device 100 remains in the crib 300.

In Fig. 5a there is provided the readout activation system 300, which comprises in this
embodiment a receiving region 310 (such as a recess) for receiving the measurement
device 100 in accordance with the invention. When for example Bluetooth technology is
used for wireless communication, the readout activation system 300 is preferably put with-
in Bluetooth communication reach of the readout system 400. In Fig. 5b the measurement
device 100 is put into the recess 310. In Fig. 5¢ the measurement device 100 is activated
by the readout activation system 300 and transmits its registered data to the readout sys-
tem 400 via a wireless communication signal 999 as schematically illustrated. The regis-
tered data may be shown on the readout system 400 in the form of a graph 410 for exam-
ple. The physician may subsequently interpret the registered data, which forms an
indication of the pain, distress or other discomfort of the user over a certain period.

Fig. 6 illustrates the operation of the readout activation system 300. This figure is very
schematic in order to facilitate understanding of the principle. Near the recess 310 of the
readout activation device 300 there is provided a plurality (but at least one) of magnets
350 as illustrated. These could be permanent magnets, but also other magnets are possi-
ble. These magnets 350 generate a magnetic field 355, which subsequently trigger the
earlier-discussed switching circuit 184 {o activate the communication circuit (not shown in
Fig. 6), for instance by closing or opening when the measurement device 100 is placed in
the recess 310. The switching circuit 184 be used to directly switch (on or off) the respec-
tive part electronically (i.e. in hardware), but it could also be used to trigger the deactiva-

tion through software.

It must be stressed that only one embodiment of the invention has been illustrated in the
figures. However, many variations of the measurement device in accordance with the in-
vention are possible without deviating from the scope of protection as defined by the
claims. It must be stressed that the protruding element of the membrane is optional, yet
results in an advantage when used. In addition, the measurement device may have other
forms than illustrated. Furthermore, the second closed volume may be provided outside
the first closed volume if so desired, wherein the flexible membrane then effectively forms
the interface between both volumes.

It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative embodi-
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ments without departing from the scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be construed as limiting the claim. Use
of the verb "comprise” and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The article "a" or "an" preceding an element does
not exclude the presence of a plurality of such elements. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a com-
bination of these measures cannot be used to advantage. In the device claim enumerating
several means, several of these means may be embodied by one and the same item of
hardware.
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Claims

Measurement device (100) for detecting and measuring pain, distress, or other
discomfort of a user, the measurement device (100) comprising:

- an external housing (110) having at least partially flexible walls (110w)
and being configured for being held and squeezed by a hand (200) of the user,
wherein the external housing (110) defines a first closed volume (105), and

- a force sensor (170) for detecting and measuring pressure in the first
closed volume (105), characterised in thatthe measure-
ment device (100) further comprises an inner housing (150), wherein the inner
housing (150} defines a second closed volume (155), the second closed volume
(155) comprising the force sensor (170), wherein the inner housing (150) com-
prises a flexible membrane (152) that is placed such that the flexible membrane
(152) faces the first closed volume (105) at a first side (152s1) of the flexible
membrane (152) and faces the force sensor (170) at a second, opposite, side
(152s2) of the flexible membrane (152), wherein the flexible membrane (152) is
positioned such that there is a gap (152d) between the flexible membrane (152)
and the force sensor (170) when no force is applied by the user to the external
housing (110), and that at a certain predefined pressure applied by the user the
flexible membrane (152) touches the force sensor (170), wherein the force sen-
sor (170) from that instant starts to register a force.

The measurement device (100) according to claim 1, wherein the flexible mem-
brane (152) is provided with a protruding element (152p) at the second side
(152s2), wherein the protruding element (152p) is configured for pressing on the
force sensor (170) when the flexible membrane (152) is pushed towards the force
sensor (170) upon the application of the force on the external housing (110) by
the hand (200) of the user.

The measurement device (100) according to claim 2, wherein the protruding ele-
ment (152p) is designed to have a contact area (152pa) when pushed to be in
contact with the force sensor (170), wherein the contact area (152pa) is designed
to be a predefined factor smaller than a membrane area (152a) of the flexible

membrane (152).

The measurement device (100) according to any one of the preceding claims,
wherein the measurement device (100) further comprises an electronic circuit
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(182) coupled with the force sensor (170) for controlling and reading out the force
sensor (170) and for storing the measurements.

The measurement device (100) according to claim 4, wherein the measurement
device (100) further comprises a battery (190) for supplying power to the elec-
tronic circuit (182).

The measurement device (100) according to any one of the preceding claims,
wherein the electronic circuit (182) further comprises a communication circuit
(186) for communicating registered data with a readout system (400).

The measurement device (100) according to claim 8, wherein the electronic cir-
cuit (182) further comprises a switching circuit (184), which is configured for de-
activating part (186) of the electronic circuit (182), preferably at least the commu-
nication circuit (186), during the time that the measurement device (100) is not
being read out by a readout system (400), and for activating the part (186) during
the time that the measurement device (100) is to be read out by the readout sys-
tem (400).

The measurement device (100) according to claim 7, wherein the switching circuit
(184) is controllable by a magnetic field (355).

The measurement device (100) according to any one of the preceding claims,
wherein the inner housing (150) further comprises a space (181) for containing
respective components other than the force sensor (170).

The measurement device (100) according to any one of the preceding claims,
wherein the inner housing (150) is suspended within the first closed volume (105)
of the external housing (110) by means of a positioning member (125) that fixes
the inner housing (150) to the inside of the external housing (110).

The measurement device (100) according to any one of the preceding claims,

wherein the force sensor (170) comprises a force-sensitive resistor.

The measurement device (100) according to any one of the preceding claims,
wherein the first closed volume (105} is at least partially filled with a fluid or an

elastic material.
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13.

14.

15.

The measurement device (100) according to claim 1, wherein the second closed
volume (155) is at least partially filled with a further fluid for converting a pressure
on the flexible membrane (152) into a pressure applied (FO, Fmn, Fmd, Fmx) to

the force sensor (170).

Readout activation system (300) for activating reading out of the measurement
device (100) in accordance with claim 7 or any one of claims 8 to 13 in as far as
directly or indirectly dependent on claim 7, wherein the readout activation system
{300} is configured for controlling the switching circuit (184) for activating or deac-
tivating the part (186) of the electronic circuit (182).

The readout activation system (300) according to claim 14 for reading out the
measurement device (100) in accordance with claim 8 or any one of claims 8 to
13 in as far as directly or indirectly dependent on claim 8, wherein the readout ac-
tivation system (300) comprises a receiving region (310), such as a recess, for
receiving the measurement device (100), and further comprising at least one
magnet (350) configured for generating a magnetic field (355) for controlling the
switching circuit (184) for activating or deactivating the part (186) of the electronic
circuit (182) when the measurement device (100) is put in or taken from the re-
ceiving region (310), respectively.
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