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1
APPARATUS AND METHOD FOR
DETECTING THE HAND FORCE OF THE
HAND PRESSURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from European Patent
Application No. 11172948.9, filed Jul. 6, 2011, which is
hereby incorporated by reference.

DESCRIPTION

The invention relates to an apparatus for detecting the hand
force or the hand pressure and in particular the perception of
pain. The invention further relates to a method of detecting the
hand force or the hand pressure.

PRIOR ART

Pain is one of the most frequent reasons for consulting a
physician, with pain representing a subjective feeling which
includes sensory, cognitive and emotional aspects. An exact
measurement of pain would therefore be extremely helpful,
for example for pain monitoring, for a diagnosis or for adjust-
ing pain medication therapy.

Document WO 2009/052100 discloses an 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.

SUMMARY OF THE INVENTION

Ithas been shown that an exact detection of the hand force
or of the hand pressure enables interesting possibilities for
monitoring and treating people and that the exact detection of
the hand force or the hand pressure is in particular suitable for
detecting perceptions of pain of a person. An apparatus and a
method for detecting and measuring pain of a person are
disclosed in the application PCT/EP2010/070736 bearing the
title “Apparatus and method for detecting and measuring
pain” whose content is herewith included in this application.

This object is in particular satisfied by an apparatus for
detecting the hand force or the hand pressure and in particular
perceptions of pain of a person, comprising a pressure or
force measuring apparatus and comprising a hollow body
extending in a longitudinal direction, wherein the hollow
body includes an upper fixed end part, a lower fixed end part
and a spacer element, wherein the upper end part and the
lower end part are kept mutually spaced apart via the spacer
element, wherein the spacer element extends in the longitu-
dinal direction, and wherein the hollow body includes a flex-
ible outer cover which connects the upper end part to the
lower end part such that a closed inner space is formed within
which the spacer element is also arranged, wherein the outer
cover is designed such that it can be at least partly surrounded
by a hand, and wherein the inner space of the hollow body
contains a gel material, an elastic multicomponent material or
a liquid material which acts as a pressure transmitter (also
known as a pressure seal or diaphragm seal), and wherein the
pressure or force measuring apparatus extends at least partly
in the inner space in the longitudinal direction to transmit the
pressure from the outer cover via the pressure transmitter to
the pressure or force measuring apparatus.

This object is further in particular satisfied by a method of
detecting perceptions of pain or the pain intensity of a person,
in that a cylindrical hollow body is at least partly surrounded
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by a hand, in that a pressure is exerted onto a flexible outer
cover of the hollow body by pressing the hand closed,
wherein the pressure is transmitted via a gel material, an
elastic multicomponent material or a liquid material which
acts as a pressure transmitter to a pressure or force measuring
apparatus, wherein the elastic behavior of the flexible outer
cover s set via the pressure of the pressure transmitter such
that the diameter of the outer cover is maintained or is essen-
tially maintained during the pressing; and wherein the pres-
sure or the force measured by the pressure or force measuring
apparatus is used as a measure for the pain perceived by the
person.

The apparatus in accordance with the invention relates to
the field of detecting and measuring the hand force or the hand
pressure and in particular to the field of measuring pain and
perceptions of pain of a person and their detection. The appa-
ratus in accordance with the invention allows a hand force or
a hand pressure to be measured exactly and in a reproducible
manner, with the measured value particularly advantageously
being used as a measure for pain or for the perception of pain.

In an advantageous embodiment, the apparatus in accor-
dance with the invention also makes it possible to generate
pain. A substantial advantage of the apparatus in accordance
with the invention can be seen in the fact that it makes it
possible to measure pain reproducibly and preferably to order
its amount in specific levels. A person has the nature that he
pulls back the hand by way of a reflex on pain, in particular on
severe pain, with the palm of the hand being able to be
contracted until a fist is formed To make use of this reflexive
behavior of people, the apparatus in accordance with the
invention is designed such that it has a hollow body which can
be surrounded at least partly by a hand. The hollow body is
designed in tubular form, in particular as a tube extending in
a straight line, in a particularly advantageous embodiment. A
hollow body of such a design sits easily in the hand and
utilizes the natural, reflexive movement of the person to mea-
sure the hand force or the hand pressure or to measure pain in
that the hand holds the hollow body more strongly and more
powerfully in a natural manner as the pain increases. The
surface of the hollow body which is designed to contact the
hand should preferably be designed to be shape-stable, or
substantially shape-stable, but should also feel pleasant,
which produces the advantage that its shape does not change,
or only changes slightly, independently of the engaging force
of the hand. This allows the force effected by the hand to be
measured in a reproducible and accurate manner. In other
words, if the shape of the hollow body were to change due to
the force effected on the hollow body by the hand, which
would be the case, for example, with a rubber bellows filled
with air, the perceived pain would no longer be measurable
via the force effected by the hand since the rubber bellows
vields as the force increases and changes its shape so that it is
difficult or is no longer possible to express the perceived pain
in a preferably linear manner via the force, in particular when
the hand is already clenched to a fist. It can prove to be
advantageous to design the surface of the hollow body such
that no pronounced, and possibly even painful, pressure spots
are formed at the hand surface which contacts the apparatus in
accordance with the invention. Such pressure points are
unpleasant and could even falsify the measurement. In an
advantageous embodiment, the surface of the hollow body
which is designed for contact with the hand has a specific
elasticity to avoid such pressure points or pain points at the
contacting hand. The apparatus in accordance with the inven-
tion makes it possible to measure the pressure or pressing
force effected by the hand particularly accurately. The appa-
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ratus in accordance with the invention allows the strength of
the perceived pain to be measured reliably and also reproduc-
ibly in an individual person.

The apparatus in accordance with the invention in particu-
lar has the advantage that the pain, and preferably also its
states, can be detected exactly and that the measurements of
the pain are objectively reproducible.

The invention will be described in the following with ref-
erence to embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings used to illustrate the embodiments show:

FIG. 1 a side view of an apparatus for detecting the hand
force;

FIG. 2: alongitudinal section through FIG. 1 along the line
A-A;

FIG. 3 a side view of a spacer element;

FIG. 4 a cross-section through FIG. 3 along the line B-B;

FIG. 5 a side view of a pressure measuring apparatus;

FIG. 6 a longitudinal section through the pressure measur-
ing apparatus shown in FIG. 5 along the line C-C;

FIG. 7a schematically, a longitudinal section through a
further embodiment of a housing with spacer elements;

FIG. 7b schematically, a plan view of FIG. 7a;

FIG. 8 schematically a side view of a further pressure
measuring apparatus;

FIG. 9 schematically, a further embodiment of an appara-
tus for detecting the hand force with a hand surrounding it;

FIG. 10 a longitudinal section through a pain actuator.

Generally, the same parts are provided with the same ref-
erence numerals in the drawings.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows an apparatus 1 for detecting the hand force or
the hand pressure and in particular the perception of pain in a
side view; FIG. 2 in a longitudinal section along the line A-A.
The apparatus 1 comprises a hollow body 3 extending in a
longitudinal direction L, wherein the hollow body 3 includes
an upper fixed end part 3¢, a lower fixed end part 3d and a
spacer element 3e, wherein the upper end part 3¢ and the
lower end part 3d are held mutually spaced apart via the
spacer element 3e, with the spacer element 3¢ extending in the
longitudinal direction L. The hollow body 3 includes a flex-
ible outer cover 3a which connects the upper end part 3¢ to the
lower end part 3d such that a closed inner space 34 is formed
which is in particular fluid-tight, and within which the spacer
element 3e is also arranged. The outer cover 3a is designed
such that it can be surrounded at least in part by a hand in that
the cross-section or the periphery of the outer cover 3a is
selected in accordance with the size of a human hand. The
upper and lower end parts 3¢, 3d are of particular importance
for the exact measurement since the supper and the lower end
part 3¢, 3d are fixed or rigid and prevent an escape or an
increase in size of the inner space 35 in the direction of extent
L. The apparatus 1 additionally includes a pressure or force
measuring apparatus 7 which extends in the inner space 3 in
the longitudinal direction L. The inner space 36 of the hollow
body 3 contains or is filled with a gel material 4a, an elastic
multicomponent material 4a or a liquid material 4a¢ which
acts as a pressure transmitter to transmit the pressure from the
outer cover 3a via the pressure transmitter to the pressure or
force measuring apparatus 7. A closed inner space 3b is
understood as an inner space 35 which is closed toward the
exterior such that the pressure transmitter, i.e. the gel material
4a, the elastic multicomponent material 4a or the liquid mate-
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rial 4a which is located in the inner space 3b cannot escape to
the exterior from the apparatus 1. The inner space 35 is thus at
least closed in a fluid-tight manner when a fluid is used as the
pressure transmitter. In FIG. 2, the lower end part 34 has an
aperture 3p which is designed as an internal thread into which
the pressure measuring apparatus 7 is screwed. The pressure
measuring apparatus 7 is connected to the aperture 3p and/or
is sealed such that no discharge of the pressure transmitter via
the aperture is possible.

The hollow body 3 thus surrounds a closed inner space 35,
with any passages in the upper and/or lower end parts 3¢, 34,
forelectrically conductive cable, for example, or for fastening
the pressure measuring apparatus 7 as shown in FIG. 2, being
sealed to form a closed inner space from which the pressure
transmitter cannot escape.

The spacer element 3e which is shown in detail FIG. 3 ina
side view and in FIG. 4 in a section along the line B-B is
designed as a hollow tube having wall openings 3f, for
example circular wall openings 3/, and comprises a fastening
section 3o at the top and at the bottom which, as shown in FIG.
2, are fixedly connected to the upper end part 3¢ and to the
lower end part 3d respectively to hold the two end parts 3¢, 34
at a mutual defined distance. The wall openings 3/ or wall
passages can be designed in a plurality of forms to form a
pressure conducting connection to the pressure or force mea-
suring device 7 starting from the flexible outer cover 3a with
the aid of the material located in the inner space 36, e.g. a gel
material 4a.

As shown in FIG. 2, the pressure or force measuring appa-
ratus 7 is introduced through the lower end part 34 into the
inner space of the spacer element 3e from below, with the
pressure or force measuring apparatus 7 being screwed to the
lower end part 3d and being fixedly held thereby. The pressure
or force measuring apparatus 7 is shown in detail in FIGS. §
and 6, with FIG. 5 showing a side view and FIG. 6 a section
along a line C-C. As can be seen from FIG. 6, the pressure and
force measuring apparatus 7 includes a flexible hollow body
7a which extends in the direction of extent M and which has
an inner space 7b, with the flexible hollow body 7¢ having an
upper end section 7c¢ at the right which is fixedly connected,
preferably in a fluid-tight manner, to an upper closure 7d. The
opening of the upper closure 74 is closed by a screw 7e. The
flexible hollow body 7a has a lower end section 7/ at the left
whichis fixedly connected, preferably in a fluid-tight manner,
to a lower closure 7g. A force transducer 2 is arranged in the
lower closure 7g, with the lower closure 7¢ having a fluid-
conducting passage 7 which connects the inner space 75 to
the force transducer 2. The inner space 26 and the fluid con-
ducting passage 2/ are filled with a second liquid material.
The force transducer 2 has a surface which extends perpen-
dicular to the direction of extent M and which the second
liquid material 7/ contacts so that the force transducer 2 is
coupled to the inner space 7 perpendicular to the direction of
space M to measure the pressure of the second liquid material
7h. The force transducer 2 is connected to the electronic unit
5 shown in FIG. 2 via a cable 8. The wall of the flexible,
tubular hollow body 7a transmits a pressure force applied
outwardly along the section 7% to the liquid 7/ located in the
inner space 7b, with the force transducer 2 measuring the
pressure or the force effected on the force transducer 2 by the
liquid 7k. The hollow space 7a can only transmit the force
along the section 7% from the outside to the inside since the
hollow body 7a contacts the upper closure 7d or the lower
closure 7g respectively along the upper end section 7¢ and
along the lower end section 7. The screw 7e serves inter alia
to fill the inner space 7b completely with the liquid 7/ and to
close the inner space 76 in a fluid-tight manner again after-
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ward. In an advantageous embodiment, the section 7k of the
flexible hollow body 7a has a Shore hardness in the range
between 10 and 20 in particular due to the second liquid
material 7h. Oilis, for example, used as the liquid material 74.

In a preferred embodiment, the force measuring apparatus
7 extends, as shown in FIG. 2, along the total length L of the
inner space 3b and additionally along the lower end part 34,
with the section 7k only extending within the inner space 34.
In a further embodiment, the force measuring apparatus 7
could also be designed so that it does not extend along the
total length [ of the inner space 35, but rather, for example,
only along half the length L, or for example along three-
quarters of the length L. In the most preferred embodiment,
the force measuring apparatus 7 extends, as shown in FIG. 2,
along the center or along the axis L. The force measuring
apparatus 7 is preferably arranged, as shown, centered with
respect to the longitudinal axis so that the forces applied to the
flexible outer cover 3a are transmitted uniformly onto the
pressure or force measuring apparatus 7. The pressure or
force measuring apparatus 7 could, however, also be arranged
extending eccentrically in the inner space 74.

In a particularly advantageous embodiment, the flexible
outer cover 3a is, as shown in FIGS. 1 and 2, designed in
hollow cylindrical form. The flexible outer cover 3a is pref-
erably made from silicone, vulcanized rubber or natural rub-
ber. The gel material 44, the elastic multicomponent material
d4a or the liquid material 4a acting as a pressure transmitter
transmits the pressure from the outer cover 3a onto the pres-
sure or force measuring device 7. The pressure transmitter is
advantageously filled into the inner space 35 at a predefined
pressure on filling so that the pressure transmitter has a pre-
defined pressure in a state of rest, that is without forces
engaging at the outer cover 3a. The predefined filling pressure
of the pressure transmitter influences the hardness or the
resilience of the flexible outer cover 3a. In a particularly
advantageous embodiment, the flexible outer cover 3a is
selected from such a material and/or the predefined pressure
of the pressure transmitter is selected such that the flexible
outer cover 3a has a Shore hardness in the range between 20
and 90. The following can thus inter alia be achieved: On the
one hand, the flexible outer cover 3a should feel pleasant to
the contacting hand, which is achieved in that the flexible
outer cover 3a or the pressure transmitter respectively has
certain elastic properties. These elastic properties perceived
as pleasing by the hand have the advantage that no pressure
points result at the hand. A hard outer cover 3¢ would bring
about pressure points at a hand being pressed together, which
would have the consequence that the hand is partly relaxed
again or that the force is reduced due to the pain or pressure
which results. The avoidance of such pressure points is there-
fore of decisive importance for an exact measurement of the
hand force, of the hand pressure or of perceptions of pain. On
the other hand, it is particularly advantageous if the diameter
of the flexible outer cover 3a only slightly varies even under
larger engaging forces because it becomes more difficult for
the hand contacting the outer cover 3a to effect a large force
on the outer cover 3a the smaller the diameter of the flexible
outer cover 3a becomes. The apparatus inaccordance with the
invention thus has the advantage in a particularly advanta-
geous embodiment that the above-named properties of the
outer cover 3a can be set or can be defined in advance via the
filling pressure of the pressure transmitter.

FIG. 2 additionally shows a housing 6 with a standing
surface 6b, with the lower fixed section 3d forming part of the
housing 6. The lower fixed section 3d is arranged such that the
hollow body 3 extends substantially perpendicular to the
standing surface 6b. In addition, an electronic unit 5 is pref-
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6

erably arranged in the housing 6 and is connected to the force
transducer 2 via the cable 8. A pain actuator 10 is preferably
also arranged in the housing 6 and is designed as a heat
generation apparatus.

FIG. 10 shows in a longitudinal section a pain actuator 10
having a metallic cover 10a at whose lower side a heating
element 10¢ and a temperature sensor 105 are arranged. The
electric lines to the electronic unit 5 are not shown.

FIG. 7a shows schematically and only indicated in part a
section through a housing 6 having a bore 6¢ and a recess 64
and FIG. 7b shows a plan view thereof. The spacer element 3e
in the example shown is formed from four bars which extend
in the direction of extent L and connect the upper end part 3¢
to the lower end part 3d. The spacer element 3e can be pro-
ducedina plurality of possibilities to effect this spacing apart.

FIG. 8 schematically shows a spacer element 3e and a
pressure or force measuring apparatus 7 in that a plurality of
force transducers 2 are arranged at the spacer element 3e
mutually spaced apart in the longitudinal direction L. Each
force transducer 2 is connected to the electronic unit in a
signal conductive manner so that the pressure applied by the
pressure transmitter in the inner space 3b can be measured.

FIG. 9 schematically shows a further embodiment of the
apparatus 1 in accordance with the invention comprising a
hollow body 3 with an upper and a lower end part 3¢, 3d and
with a flexible outer cover 3a being arranged therebetween,
with the apparatus 1, in contrast to the apparatus 1 shown in
FIG. 2, not having any housing and the cable 8 being led to a
downstream signal evaluation apparatus. FIG. 9 additionally
schematically shows a hand 13 with fingers 134 and a thumb
195 which surround the flexible outer cover 3a.

The method of detecting perceptions of pain or the pain
intensity of a person advantageously takes place in that a
cylindrical hollow body 3 is at least partly surrounded by a
hand, in that a pressure is exerted onto a flexible outer cover
3a of the hollow body 3 by pressing the hand closed, wherein
the pressure is transmitted via a gel material, an elastic mul-
ticomponent material or a liquid material 4a, 45 which acts as
a pressure transmitter to a pressure or force measuring appa-
ratus 7 arranged in the hollow body 3, wherein the elastic
behavior of the flexible outer cover 7a is set via the pressure
of the pressure transmitter such that the diameter of the outer
cover 3a is maintained or is essentially maintained during the
pressing, and wherein the pressure or the force measured by
the pressure or force measuring apparatus 7 is used as a
measure for the pain perceived by the person.

The method can additionally take place in that a pain actua-
tor 10 which heats up increasingly is touched and in that the
measured pressure or the measured force is detected as a
function of the temperature of the pain actuator 10. The tem-
perature increase advantageously takes place overall by a
predefined amount in the range of 1 to 5° C.

The invention claimed is:

1. An apparatus for detecting the hand force or the hand
pressure of a person, comprising:

a pressure or force measuring apparatus,

a pain actuator, designed as a heat generation apparatus,

and

a hollow body extending in a longitudinal direction,

wherein the hollow body includes an upper fixed end part,

a lower fixed end part and a spacer element,

wherein the upper end part and the lower end part are kept

mutually spaced apart via the spacer element,

wherein the spacer element extends in the longitudinal

direction, and

wherein the hollow body includes a flexible outer cover

which connects the upper end part to the lower end part
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such that a closed inner space is formed within which the
spacer element is also arranged,

wherein the outer cover is designed such that it can be at

least partly surrounded by a hand, and
wherein the inner space of the hollow body includes a gel
material, an elastic multicomponent matetial or a liquid
material which acts as a pressure transmitter, and

wherein the pressure or force measuring apparatus extends
at least partly in the inner space in the longitudinal
direction to transmit the pressure from the outer cover
via the pressure transmitter to the pressure or force mea-
suring apparatus.

2. The apparatus in accordance with claim 1, wherein the
force measuring apparatus extends at least along the total
length of the inner space.

3. The apparatus in accordance with claim 1, wherein the
pressure or force measuring apparatus extends along the cen-
ter of the hollow body.

4. The apparatus in accordance with claim 1,

wherein the spacer element is designed as a hollow tube

with wall openings; and

wherein the pressure or force measuring apparatus is

arranged extending within the spacer element.

5. The apparatus in accordance with claim 4, wherein the
spacer element extends along the center axis of the hollow
body.

6. The apparatus in accordance with claim 1, wherein the
flexible outer cover is designed in the form of a hollow cyl-
inder.

7. The apparatus in accordance with claim 1, wherein the
hardness or the resilience of the flexible outer cover can be
determined via the pressure of the pressure transmitter.

8. The apparatus in accordance with claim 6, wherein the
flexible outer cover has a Shore hardness in the range between
20 and 90.

9. The apparatus in accordance with claim 1, wherein the
pressure or force measuring apparatus includes a force trans-
ducer and a flexible hollow body which extends in a straight
line in the direction of extent and which has an inner space;

wherein the inner space is closed and includes a second

liquid material; and
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wherein the force transducer is coupled perpendicular to
the direction of extent toward the inner space to measure
the pressure of the second liquid material.

10. The apparatus in accordance with claim 1, wherein the
pressure or force measuring apparatus includes a plurality of
force transducers which are arranged at the spacer element
mutually spaced apart in the longitudinal direction.

11. The apparatus in accordance with claim 1,

wherein the lower fixed end part forms part of a housing;

wherein the housing has a standing surface; and

wherein the lower fixed end part is arranged such that the

hollow body extends substantially perpendicular to the
standing surface.

12. The apparatus in accordance with claim 11, wherein the
pain actuator includes a metallic cover at whose lower side a
heating element and a temperature sensor are arranged.

13. The apparatus in accordance with claim 11, wherein the
pain actuator is arranged at the housing.

14. A method of detecting the hand force or the hand
pressure of a person, comprising:

providing a cylindrical hollow body, which is at least partly

surrounded by a hand,

increasingly heating a pain actuator which is touched by

the hand,
allowing a pressure to be exerted onto a flexible outer cover
of the hollow body by pressing the hand closed,

allowing the pressure to be transmitted via a gel material,
an elastic multicomponent material or a liquid material
to a pressure or force measuring apparatus arranged in
the hollow body,

wherein the elastic behavior of the flexible outer cover is

set via the pressure of the pressure transmitter such that
the diameter of the outer cover is maintained or is essen-
tially maintained during the pressing;

measuring the pressure or the force by the pressure or force

measuring apparatus; and

detecting the measured pressure or the measured force as a

function of the temperature of the pain actuator.
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