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A SENSOR TO DETECT CHANGES IN THE CROSS SECTION OF AN ELONGATED BODY CAVITY
The present invention relates to a sensor according to the preamble to 5
the  indepedent claim. In medical contexts, there  are needs for a sensor
(catheter) whi ch is suitable for insertion in elongate and generally
duct-like body cavi- ties of optional cross-section, e.g. in the urinary
tract in order to 10   indicate changes in the cross-section of the cavity.
In such duct-like cavities, the tissue pressure may, e.g. through muscular
action, vary consideraby between different regions of the cavity. There is,
there- fore, a need to be able, in addition to generally indicating changes
in the cross-section of the cavity, also to be able to indicate locally 15
occurring changes in the cross-section. Patent specification US 4,711,249
discloses a tubular sensor 10 dis- posed to be inserted in an elongate
cavity and detect changes in the dimensions of the cavity. The sensor
consists of a number of sequen- 20   tially disposed and spaced apart rigid
tube sections 15, 16, 17 in whose ends  are inserted mechanically rigid
bodies 25 which sealingly connect to the surrounding tube sections. Between
the ends of the tube sections, there are formed circumferentially extending
grooves which are covered by elastic membranes or diaphragms 35. Between
the mem- 25   branes and the rigid bodies 25, spaces 26 are formed 



Each one of the rigid bodies has a central chamber 28 which, through an
aperture 29, is connected to the space 26 between the rigid body 25 and the
membrane 35. In its one end  the chamber 28 has a mechanically 30   rigid
closure  and 30 and in its other end a flexible closure 31. The space 26
between the membrane 35 and the rigid body as well as the chamber 38 in the
body is filled with liquid. Pressure changes in the chamber of the body are
registered by a sensor 40 abutting against the flexible closure 31 . 35 The
apparatus disclosed in US 4,711,249 suffers from the drawback that only in
those part of the cylindrical sensor where the elastic mem-    WO 97/43951
PCT/SE97/00826 2 branes 35 bridge the space which is formed between the
ends of the tu- bular portions can the sensor register a change of the
circumference of a surrounding organ. This implies that only short portions
of the cy- lindrical sensor are capable of registering changes in the
circumfer- 5 ence of the surrounding organ. In regions which are located
between the membranes 35, no detection of changes in the circumference of
the sur- 



rounding organ takes place, in addition to which the sensor prevents the
surrounding organ from assuming a circumference which is less than the
circumference of the sensor. 10 The present invention relates to an
apparatus provided with a tubular portion along which a change in the size
and/or configuration of the circumference of a surrounding organ is
detected regardless of where such change takes place along the cylindrical
portion. This is attained 15   by means of an apparatus according to the
characterizing clause of the independent claim. Expedient embodiments of
the present invention are disclosed in the ap- pended subclaims. 20 The
present invention will now be described in greater detail with reference to
a number of figures, in which: Fig. 1       is an overall view of an
apparatus seen from the side; 25 Fig. la      is the section a-a in Fig. 1
on a magnified scale; Fig. 2       is a cross-section through one
embodiment of an apparatus in which this includes a Hall element for
co-operation 30                with an elastic membrane or diaphragm; Fig.
3       is a cross-section corresponding to that of Fig. 2 where 



the membrane has been moved downwards in the figure; 35   Figs. 4a-c'  are
cross-sections through various embodiments of the mem- branes;    WO
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Fig. 5       is a cross-section through one embodiment of the apparatus in
which this includes an electrically conductive elastic membrane; 5   Fig. 6
is a cross-section corresponding to that of Fig. 4 in which  the membrane
has been moved downwards in the figure; and Figs. 7a-e  show embodiments of
a substantially cylindrical sensor 10                portion included in
the apparatus. Figs.1 and 1a ,show an apparatus 1 which includes a
substantially cy- lindrical portion 10 which is connected to a retainer
portion 60. The cylindrical portion 10 which, hereinafter, will also be
designated the 15   sensor portion 10 of the apparatus, forms a
catheter-like, sensitive body 30 which projects out from the retainer
portion 60 (cf. Figs. 2-3 and 5-6). As a rule, thickened portions 110 are
included in the wall 11 



of the sensitive body and are disposed in the longitudinal direction of the
sensitive body. In a cross-section (cf. Fig. 1a). the wall forms a 20
sequence of material portions in the circumferential direction in which one
thickened portion 110 is followed by a thinner wall portion 111 which in
turn is followed by a thickened portion 110, and so on. On the inside of
the wall, the thinner wall portions form a number of grooves or channels
112. 25 The combination of longitudinally disposed thicker material
portions 110 and thinner material portions 111 involves increased rigidity
against bending, at the same time as the resilience of the sensitive body
30 tranversely of the longitudinal direction of the sensitive body 30  is
retained. In certain combinations of thicknesses and widths of both the
channels 112 and the thickened portions 11, increased resilience is
achieved transversely of the longitudinal direction of the sensitive body
at the same time as the desired flexural rigidity is maintained. 35   As
will be apparent from the figures, the sensor portion 10 includes a first
end portion 19, hereinafter generally referred to as lower end portion,
which is connected to the retainer portion 60, and a second    



WO 97/43951
PCT/SE97/00826 4 (upper) end portion 17 which is terminated by a rigid
(non-resilient) closure 37. Between the lower end portion 19 and the
opposing second (free) end 17 of the sensor portion, the sensor portion
forms the catheter-like sensitive body 30 which constitutes a cylindrical
portion 5   30 of the sensor portion 10. The cavity surrounded by the
cylindrical portion carries reference numeral 12. The cylindrical portion
has, as a rule, a substantially circular cross-section. However,
embodiments ex- ist in which the cross-section has other configurations,
e.g. is oval, is polygonal, has at least one corner, has at least one
substantially 10   straight portion, etc. In the embodiments shown in the
figures, the lower end portion 19 of the sensor portion 10 forms a conical
portion 31 which is downwardly open. The lower end portion is inserted in
the retainer portion 60. 15   Below the end portion 19, there is disposed a
membrane 15, 15a-c which consists of an elastically resilient material.
Along its outer edge, the membrane has a circumferential anchorage ring 16.
The sensor por- tion 10 forms, together with the membrane, a closed cavity
13. In order to form the cavity, the membrane is sealingly connected to the
lower 20   end portion 19 of the sensor portion, in that the sensor portion
and the membrane are directly interconnected or in that the sensor portion 



10 is sealingly connected to a first retainer device 61 which, in turn, is
sealingly connected to the anchorage ring 16 of the membrane 15. A more
detailed description is given below of how the lower end portion 25   19
and the membrane 15, 15a-c are interconnected to one another. As a rule,
the cavity 13 is wholly or partly filled with a liquid and/or with a
formable material, e.g. a gel. Preferably, an incompressible liquid is
employed. 30   The retainer portion 60 includes the first (upper) retainer
device 61 and a second (lower) retainer device 62. The upper portion 67 of
the first retainer device forms a cavity whose inner dimensions correspond
to the outer dimensions of the lower portion 19 of the sensor portion. As a
rule, the upper portion of the first retainer device also sur- 35   rounds
a relatively short section of the sensitive body 30 of the sen- sor portion
10. In the region above the anchorage ring 16 of the mem-    WO 97/43951
PCT/SE97/00826 5 brane, the first retainer device 61 has a downwardly
facing abutment surface 69. In the embodiments shown in the figures, the
first retainer device has 



5   a shoulder-like portion 68 whose inner wall forms the abutment surface
69. The first retainer device 61 includes, in its lower region, a sub-
stantially hollow cylindrical portion 70. In its lower end, the first
retainer device is generally provided with an outwardly and downwardly
directed circumferential collar 63. The second (lower) retainer device 62
is substantially tubular in con- figuration.In its upper end, the end of
the second retainer device forms an abutment surface 71 which abuts against
the anchorage ring 16 of the membrane on that side of the anchorage ring
which is opposed to 15  the side of the anchorage ring facing towards the
abutment surface 69 of the first retainer device. The second retainer
device 62 is gener- ally fixed to the first retainer device 61 by means of
a snap connec- tion 72. 20  Figs. 2 and 3 show   one embodiment of the
apparatus in which the conical portion 31 of the lower end portion, 19 of
the sensor portion 10 has a lower edge 14 which is located a distance from
the membrane 15. The conical portion is sealingly fixed to the inwardly
facing surface 76 of the first retainer device 61 by means of an adhesive.
In this embodi- 25.  ment, the first retainer device 61 forms, together
with the sensor por- tion 10 and the membrane 15, 15a-c, the inner cavity
13. In the embodiment illustrated in Figs.  2 and 3, the downwardly facing
abutment surface 69 of the first retainer device 61 abuts against the 



30   anchorage ring 16 of the membrane. In that position ,in which the
second retainer device 62 is fixed in relation to the first retainer device
61, the anchorage ring 16, and thereby the membrane, is fixedly retained in
that the inner abutment surface 69 of the first retainer device and the
abutment surface 71 of the second retainer device 62 35  abut under
pressure against opposing sides of the anchorage ring 16. Given that the
anchorage ring consists of an elastic material, a    WO 97/43951
PCT/SE97/00826 6 reliable seal will be obtained between the anchorage ring
and the first retainer device 61. Figs. 2 and 3 show one embodiment of the
apparatus where a first body 5   40 of magnetic material is secured at the
membrane 15 in a central por- tion 33 thereof. In one preferred embodiment,
the body forms a perma- nent magnet. As a rule, the body is of bar-like
configuration so as to form a bar magnet. The central portion 33 is secured
to the body 40 along its longitudinal side. Generally, the body is provided
with one 10   or more cams (not shown in the figures) to improve the
fixation of the body to the membrane. 



The embodiment of the apparatus 1 shown in Figs. 2 and 3 further com-
prises an insert 80 in which is included a detector device 43, e.g. a 15
Hall element for sensing magnetic field force. Above the detector de- vice,
the second holder device 62 forms a cavity 65 which allows the membrane 15
to be displaced from the starting position illustrated in Fig. 2 to the
tensioned position illustrated in Fig. 3. 20   Figs. 4a and 4b show in
cross-section embodiments of the membrane 15 where the central portion 33
of the membrane projects in over the end edges of the body 40 in order to
ensure fixing of the body to the mem- brane. The membrane 15b according to
the embodiment in Fig. 4a is pro- vided with concentrically disposed folds
18 so as to improve the sensi- 25   tivity of the membrane. The figure
shows one embodiment in which the cross-section is undulating as a result
of the folds. Fig. 4c shows one embodiment of the membrane 15c where a
guide body 34 is connected to the central anchorage portion 33 of the
membrane in a 30   rigid interconnection. The term rigid interconnection is
taken to sig- nify that the orientation of the guide body always agrees
with the ori- entation of the central anchorage portion 33 of the membrane
15c. The guide body 34 is secured to the membrane on that side which the
mem- brane turns to face towards the sensitive body 30. The guide body has
a 35   cylindrical portion 340 which is dimensioned to be displaced within
the sensitive body 30 with slight play to its thickened portions 110. The 



length of the cylindrical portion has been selected such that, on move-
WO 97/43951
PCT/SE97/00826 7 ment of the membrane, it is always located within the
cavity of the sensitive body. Figs. 5 and 6 show one embodiment of the
apparatus where the lower end 5   portion 19 of the sensor portion 10 is
provided with an anchorage flange 32 which downwardly terminates  the lower
end portion. The an- chorage flange is dimensioned so as at least partly to
overlap the an- chorage  ring 16 of the membrane. In these embodiments, the
abutment surface 69 of the first retainer device 61 abuts against the
anchorage 10   flange 32.For sealing abutment between the anchorage flange
32 and the anchorage ring 16 of the membrane, the anchorage flange and the
anchor- age ring are pressed against one another between the abutment
surface 69 of the first retainer device 61 and the abutment surface 71 of
the second retainer device 62. At the same time, the sensor portion 10 and
15   the membrane 15 are fixed in the retainer portion 60. It will be obvi-
ous to a person skilled in the art that, in certain embodiments the an-
chorage flange 32 and the anchorage ring 16 are permanently and as a 



rule sealingly connected to one another, for example by an adhesive, a snap
connecting device, etc. In these embodiments, the sensor portion 20   10
and the membrane 15 form a cohesive unit. The embodiment described with
connection to Figs. 5 and 6 where the membrane is provided with the
anchorage ring 16,is also employed in certain practical applications in
that embodiment of the present inven- 25   tion which incorporates the body
40 of magnetic material. Figs 5 and 6 show an embodiment of the retainer
portion 60 in which an intermediate portion 66 is disposed between the
first retainer device 61 and the second retainer device 62. The
intermediate portion is fixed 30   to the first retainer device by a snap
connection 73, and to the second retainer device by a snap connection 74.
In certain embodiments, the detector device 43 is disposed between the
first body 40 and the second body 44 which also consists of magnetic 35
material. In one preferred embodiment, the second body 44 forms a per-
manent magnet. The bodies are, as a rule of bar-like design so as to form
bar magnets. In those embodiments where both the first and the    WO
97/43951                                                   PCT/SE97/00826
second body are designed as bar magnets, these are generally oriented 



such that the southern pole of the one magnet is turned to face towards the
northern pole of the other magnet. 5   For the first body 40 and the second
body 44, a substantially circular cross-section is generally selected, but
other cross-sections of these bodies occur. However, at least for the first
body 40, the substan- tially circular cross-section is generally selected.
In certain embodi- ments, the axial length of the bodies is so slight that
the bodies as- 10   sume plate-like shape. By the intermediary of electric
conductors 22, 23, a measurement in- strument 26 is connected to the
detector device 43 for registering the signal which this emits as a
measurement of the magnitude of the force 15   of the detected magnetic
field. Figs. 5 and 6 also show one embodiment of the present invention in
which the membrane 15a is, in its central portion 33, connected to a
downwardly directed rod 50. The upper portion 51 of the rod is con- 20
nected to the central portion 33 of the membrane 15a, and the lower portion
52 of the rod is fixed to a support member 81 provided in the second
retainer device 62. The rod is generally of slight thickness and is made
from a flexible and electrically conducted material. It is di- mensioned to
form an arc on axial loading. The membrane consists of an 25   elasticly
resilient and electrically conductive material. The conduc- tive capacity
of the material in the membrane varies in response to the 



bending to which the material is subjected. One example of such a mate-
rial is electrically conductive silicon rubber. The membrane and the rod
often form an integral unit. The inner surface of the second re- 30
tainer device 62 is coated with a layer 75 of electrically insulating
material. The electric conductors 22, 23 are connected to the lower portion
52 of the rod and to the second retainer device 62 which also consists of
an electrically conductive material. The rod and the second retainer device
are included in an electric circuit which further in- 35   cludes a voltage
source 20 and the registration and/or indicator device 26.    WO 97/43951
PCT/SE97/00826 9 The cavity 65 formed by the second retainer device 62
above the detec- tor device allows the membrane 15a to be displaced from
the starting position illustrated in Fig. 5 to the tensioned position
illustrated in Fig. 6. On displacement of the membrane towards the support
device 81, 5   the central portions of the rod are moved aside in an area
between the upper and lower portions of the rod, as is apparent from Fig.
6. The rod is dimensioned such that the lower portion 52 of the rod 50 is 



fixed to the support device 81 a distance from the central portion 33 of
the membrane which is sufficiently large for the rod normally not to 10
come into contact with the second surface of the second retainer device 62
when the membrane 15a assumes its maximum tensioned position (cf. Fig. 6).
In the embodiment described in Figs. 2-3, the detector device 43 is 15
disposed a distance from the body 40 which is sufficiently great for the
body, on normal use of the apparatus, not to come into contact with the
detector device when the membrane 15 assumes its maximum tensioned position
(cf. Fig. 3). This effect is achieved in that the size of the closed cavity
13 in the unaffected state (no outer pressure applied 20   against the
sensitive body 30) and the distance between the central an- chorage portion
33 of the membrane and the detector device 43 have been selected such that
on maximum calculated compression of the portion 30, the central anchorage
portion 33 or the body 40 fixed thereto is never displaced to positions in
which the anchorage portion 33 or the body 40 25   is in contact with the
support device 81 or with the'detector device 43. As has already been
intimated, in the embodiment according to Figs. 5-6, the length of the rod
50 has been selected such that on calculated 30   maximum compressure of
the portion 30 of the sensor portion, no part of the rod is located in
contact  with the inner defining surface of the 



second retainer device 62. The insulation layer 75 is provided so as to
avoid measurement error in the event of unforeseen contact between the
inner defining surface of the second retainer device and the rod 50. 35
Figs. 7a-e show embodiments of the sensitive body 30 of the sensor. In the
embodiments illustrated in Figs. 7b-e, the sensitive body is, in    WO
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10 its free end portion 17, provided with a flared portion 35. This flared
portion contributes to keeping the sensitive body in position in the vessel
or the body for which the intention is to register changes in size and/or
shape. 5 The figures show one embodiment where the first (upper) retainer
device 61 constitutes an outer retainer device which partly surrounds the
sec- ond (lower) retainer device. It will be obvious that, in other embodi-
ments, the second (lower) retainer device constitutes an outer retainer 10
device which at least partly surrounds the first retainer device. In this
embodiment, the second retainer device is, as a rule, provided 



with the outwardly directed collar 63. It will be obvious to a person
skilled in the art that, on application 15  of the described technique, the
disclosed joining of parts or devices included in the apparatus by means of
snap catch devices may, when nec- essary, be replaced by a technique which
is adapted to meet the demands placed by the practical application under
consideration. Examples of such techniques are screw connections, hot
welding, glue joints, etc. 20 When the apparatus according to the invention
is reduced into practice, the substantially cylindrical portion 30 (the
sensitive body 30) of the sensor portion 10 is inserted into the cavity
which is to be examined, for example a patient's urinary tract. When the
circumference of any 25   part of the cavity is reduced, a corresponding
part of the sensitive body 30 is compressed, the size of the cavity 12 of
the sensitive body being reduced. The reduction of the size of the cavity
results in the pressure in the cavity increasing, which entails that the
central por- tion 33 of the membrane 15, 15a-c is displaced towards the
detector de- 30   vice 43 or towards the support device 81. When the
circumference of the space increases in the region of the compressed
portion of the sensi- tive body, the pressure against the sensitive body is
reduced, the resilient return properties of the membrane entailing that the
central portion 33 of the membrane is displaced away from the support
device. 



35   The size of the displacement is determined by the size of the pressure
reduction. A change of the outer pressure against the sensitive body 30
will thus entail a corresponding change in the stretching of the mem-    WO
97/43951                                                  PCT/SE97/00826
brane. As a rule, the sensitive body has been dimensioned to be com-
pressed by forces which are substantially less than the forces which are
required to displace the central portion of the membrane from its rest
position. As a result, the membrane is wholly determinative of the 5
sensitivity of the apparatus. In the embodiment illustrated in Figs.2-3,
displacement of the mem- brane 15 entails that the magnetic field force
registered by the detec- tor device 43 is changed, a change which entails
that the registration 10  and/or,indicator device 26 connected to the.
detector device registers and/or indicates the change of the magnetic field
force. This indica- tion takes place for example in that the size of and/or
the change of measured current or voltage is registered on a magnetic tape,
is shown by a change in indication of a measurement instrument, by changed
light 15  indication (such as lighting or extinguishing of,for example, one
or more lamps or one or more LEDs), etc. 



In the embodiment illustrated in Fig. 4c, the guide body 34 is dis- placed
within the cavity 12 of the sensitive body 30 with slight play 20   between
the guide body and the thickened portions 110. This displace- ment takes
place at the same, rate as the movement of the central por- tion 33 of the
membrane. The guide body rigidifies the central portion of the membrane.
This thereby avoids undesired deformation of the mem- brane, which could
lead to erroneous indications of the size of the 25   compression of the
sensitive body 30. The channels 112 located between the thickened portions
ensure the redistribution of pressure medium which occurs on compression or
expansion of the sensitive body 30 and which is indicated by the tensioned
position of the membrane. 30   On downward displacement of the membrane,
the embodiment of the rod 50 shown in Figs. 5-6 is moved aside in a region
between the upper and lower portions 51 and 52, respectively, of the rod.
The second retainer device 62, the membrane 15a and the rod 50 are included
in the electric circuit which moreover encompasses the two conductors 22,
23, the volt- 35   age source 20 and the registration and/or indication
device 26. When the membrane 15a is stretched, the resistance in the
electric circuit    WO 97/43951
PCT/SE97/00826 



12 is changed, which is registered and/or indicated by the registration
and/or indication device 26. It will be obvious to a person skilled in the
art that, also in the 5   planar embodiment of the membrane illustrated in
Figs. 5-6, the change of the position of the membrane is registered and/or
indicated by a de- vice 26 of a design corresponding to that previously
described in con- nection with Figs. 2-3. 10   The apparatus according to
the present invention is generally applica- ble for medical purposes.
Registration or indication of contractions in a urinary tract may be of
extremely great value, for example in connec- tion with the treatment of
incontinence. 15   In the foregoing description, use has been made of the
expressions "upper", "lower", "downward", "below" and other corresponding
expres- sions. These determinations have merely been employed to simplify
the description and are only related to the orientation the apparatus has
in the figures. It will be obvious to a person skilled in the art that 20
the apparatus, as well as part for devices included therein, may have any
optional spatial orientation. The above detailed description has referred
to but a limited number of embodiments of the present invention, but a
person skilled in the art 25   will readily perceive that the present
invention encompasses a large 



number of embodiments without departing from the scope of the appended
Claims.    WO 97/44951
PCT/SE97/00826 13 CLAIMS 1.   A medical apparatus (1) for detecting changes
in the cross-section of an elongate bodily cavity, for example a human
urinary tract, 5        the apparatus including a retainer portion (60) and
a sensor por- tion 10) connected to the retainer portion and including a
sensi- tive body (30) of flexible material, said sensor portion (10) form-
ing a substantially cylindrical hollow body (30) which constitutes the
sensitive body (30), the sensor portion including a first end 10
portion (19) and a second end portion (17), the first end portion (19) of
the sensor portion being connected to the retainer portion (60), the cavity
(12) of the sensitive body (30) being included in a closed cavity (13)
wholly or partly filled with a liquid and/or a formable mass, and a
pressure sensing device (15,15a-c) being pro- 15        vided for sensing
the pressure in the cavity (13),  c h a r a c - terized in that the sensor
portion (10) is mechanically 



fixed to the retainer portion (60) only in its first end portion (19); and
that the sensitive body (30) is designed as a catheter- like device (30)
projecting from the retainer portion (60) and 20       being provided with
a closure (37) in its   free end (17). 2.   The apparatus as claimed in
Claim 1,  c h a r a c t e r i z e d  in that the sensitive body (30) has a
number of thickened portions (110) disposed in the longitudinal direction
of the sensitive body. 25 3. The apparatus as claimed in Claim 2,  c h a r
a c t e r i z e d  in that the thickened portions (110) are disposed on the
inside of the wall(11) of the sensitive body. 30   4.   The apparatus as
claimed in any of Claims 1-3, character - ized in that the pressure-sensing
device is designed as a mem- brane (15,15a-c). 5.  The apparatus as claimed
in claim 4 charcacterized in 35       that a guide body (34) is secured to
a central portion (33) of the membrane (15c); that the guide body reaches
into the cavity (12) of the sensitive body; and that the guide body (34) is
disposed to be    WO 97/43951
PCT/SE97/00826 



14 displaced with slight play in relation to the thickened portions (110)
of the sensitive body (30) in the cavity (12) of the sensi- tive body in
response to the rate of displacement of the central portion (33). 5 6.
The apparatus as claimed in Claim 4 or 5,  c h a r a c t e r - i z e d in
that a first body (40) constituting a magnet is secured at the membrane
(15,15b,15c); and that a detector device (43) reg- istering magnetic field
force has a fixed position in relation to 10        the retainer portion
(60). 7.   The apparatus as claimed in Claim 6,  c h a r a c t e r i z e d
in that the first body (40) is secured to the membrane in its central
portion (33). 15 8.   The apparatus as claimed in any of Claims 6-7,  c h a
r a c t e r - i z e d in that the detector device (43) is disposed between
the first body (40) and a second body (44) of magnetic material. 20   9.
The apparatus as claimed in Claim 8,  c h a r a c t e r i z e d  in that
the second body (44) a is magnet. 10. The apparatus as claimed in any of
Claims 6-9, c h a r a c t e r - i z e d in that the body or bodies (40,44)
which are magnets are 



25        bar magnets. 11. The apparatus as claimed in Claim 8 or 9, c h a
r a c t e r - i z e d in that both bodies (40,44) are bar magnets which are
oriented such that the southern pole of the one magnet is turned to 30
face towards the northern pole of the other magnet. 12. The apparatus as
claimed in Claim 4 or 5, c h a r a c t e r - i z e d in that the membrane
(15a) consists of an elastically re- silient and electrically conductive
material; that the electric 35        conductive capacity of the material
varies with the stretching of the material; that the membrane is included
in an electric circuit; and that the apparatus includes means (26) for
registering and in-    WO 97/43951
PCT/SE97/00826 15 dicating the change of the resistance of the circuit
consequential upon the change in configuration of the membrane. 13.  The
apparatus as claimed in Claim 12,  c h a r a c t e r i z e d 5        in
that a contact pin (50) of elastic and electrically conducted material is
included in the electric circuit; and that the contact pin is disposed
between a central portion (33) of the membrane 



(15A) and a support device (81) provided in the retainer portion (60). 10


