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'"J.he present :iriventi-~n· relates to a sensor .;a¢cpr:-(11ng 'to the preamble to 

~ s · ·the · i nd.~pendent ·:·:~la 1m ~ 
. . ~·. . . . 

·.·.' ··::_,··' 

.. · .. : :: . ~ 

· ··1n··m~dic~l:·c'ontext~~ ·the~e·are needs tti·r·~ s·er1$e>r (cath~ter) wh'ich is 

. 'sJitabJe: fo~· :i~seJ.ifo~·:·;n ;efo~gate :·artd gen~·r:~lJy dJct~like body c·avi­

·t{e·~ of. .optional cr6~~~section, e~g:~;·iri th~ -~:ri11arytract in·~rde;r to 
10 indicate changes';n the cross-section~f the: c:~vi.ty.' Irl.:such duct.-like 

ca.vi ti.~~ •. , ~he f;~~ue pressure may, e.9. thrqugh;111u~cular action, vary . 
cops i d.erab 1 y betwe~n d ~ f ferent regfons of f he , ~avi ty' •. There is. : there­

fore,>"~· ·need "to: be·'able, in addition to generaJly jndicating· changes in 
.· .. ·the ~ross~~ec:t,iorr of:~tle. cavity, ·als~ to_b~ able t~ indicate locally 

. .. . . . . . ' l . . . ' 

15 ~ccurring'"changes:in ~he cross-section • 
. : ~ '': '. :' : ; :' . . \ 

.:_: ·:: 

Patent;specificat{on US 4,711,249 discloses a.-tubula~ sensor 10 dis­
. _ p9sed to. _pe inserted. in. an elongat.e. cavity and .dete.ct changes in the 

. ' ' ' .· .. ·' ·, •'. . . ;; ' . '. : . . .. . .. .. . ' 

dimensfons of the cavity. The sensor con.si sts '.of a n~umber of sequen-

20 tially :d.isposed::_'and;:spaced apart rigid tube sectio~~ is. 16, 17 in 

whose.ends_. are ins~rt~~ mechanically rig~d bodies 25 which seaHngly 

'co~nect t~" th~ surr~oriding tube. s~cti'~~$. s~t~een the ends of'' th~ tube 

section~.· there ~r~·:-for~d circumf~-~~titi~lly extending grooves which 
ar.e covered by elastic membranes or diaphragms 35. Between the mem-

25 -b~~nes anci.the rigid bodi·~~- 25, ~p~c~·s 26 are fo'rmed. . . 

Each "o~~ of the •J'i gi.~ . ~odi es: has -~ ;:centra 1. chamber 28 which, through an 

. . aperture:· zg t is corinected to the space 26 betw~en the rigid body 25 and 
. ·""tt~~· mem~~ane :·35 .\In i.ts. '.~ne end·~ th~;· cha~b~~; :2B .has a mechani c~l,ly 

30 ri gi ci ci os:u~e JO and'· i~ ·its othe~ :en'cl' ·a fl~~fb.f~>ciosure 31. The space 

26 between the memb~an~ 35 a~d th·~: ~i gi d ·ti'~dy :as we fl as the chamber 38 

. in .. the .. body is J{l 1 ~d with liquid. Pressure. chang~s in the cham~er of 
:· th~ body ~~e ~egi'ste;red. by .a s~~'so~' .. 4o ~buttirjg: ag~inst the fl~xible 

closure ':H. . :. ·. ·r . ... . .• ·• • 

35 

·:;. ·s·<_: 
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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 pQrtions 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. 

20 

25 

30 

Expedient embodiments of the present invention are disclosed in the ap­
pended subclaims. 

The present invention will now be described in greater detail with 
reference to a number of figures, in which: 

Fig. 1 

Fig. la 

Fig. 2 

Fig. 3 

is an overall view of an apparatus seen from the side; 

is the section a-a in Fig. 1 on a magnified scale; 

is a cross-section through one embodiment of an apparatus 
in which this includes a Hall element for co-operation 
with an elastic membrane or diaphragm; 

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; 
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... Fi~-. 5, 
.·, ·: 

. · '."."· 

: .>·Js, a croSS·$,~_ction thr,9ugh one. e~bodiment .Q,f the apparatus 
, <i1(which thi's inclµ~.e~ ilU electrically condu.ctive elastic .. : membrane;' ; , . . . . ... . . . 

. '.. (i :}, 
.. , .. · · .. ; . . . 

... ·. ,_,.· 

5 ·.Fig •.. 6_ ·, . 

·.,Js .. a cross-section correspondir1g_ to ..that of Fig. 4 in 
whi'c'h the memb~~~~ ::has .. :~~e~·:~~-v.~:(i :d~wn~~~ds in the figure; 

·· >an~ 

.. . : ·~.:.... : 

rigs/:7a-e· sho~ embodiment's ~f ~--sub.stari·f'iaHy cylindrical sensor 
10 portion i~~-l~ded i·<~ th~ :ap:~~rat~;s~>· · · , .. "· .. 

. . .Fi~A.:: J. ar1d :ta s.~ow an app"-r~t~s. 1 w~ic~ Jncl:ucles ~- sub.st«:lnti ally cy-1ind~icaL:portio~ :10 whic~ .i~· corme~ted .to::~··t~.t~i~er porti.,on 60. The 
. cyli~dri c~J portion IO whi <;h~ her,~;i n~fter. ·~ill.'a 1 so be designated the • •• • > ' 

• •• .. ; •• •• .• •• • •• • :. •• • 

15 

20 

sensor p()rtion01Q _of the apparatus, JOf"1S:a·~.at.h~ter-1ik~ .. $.ensitive 
body<30wbh:h proJ~cts O!Jt f.rom_.the.retat~er·p~rtion ~o {~f. Figs. 2-3 ~ncJ 5;6). '·As ·a·:r~1e. th~~ken_ed,.pq~tt~ns llO a~e- focluded. i~ the wall 11 

. ot' the· .sensftive"body _and .:.ar~. d];Sposed in the longitudinal direction of the·:·se~si';1;i·ve b.ody. In a ~ross-~~.ction (cf:.fi_g· •. la). th-~ wall fonns a . . .. . ·. . .· . . . . . .. . . sequence o{111aterial porti.ons ill ,t~e circumferential direction in which ~ne 'ttii'ckem!d portion 1io is-foll~wed by ~ .thi~ner wall p<>rtion llt: w~i ch i'n t~r~ i s·.Jo 1 i owed 
1

by. ~ 'thi ck_ened ·_por~i;o.~ 110', ~nd so on. On the 
i~side ;Qf .the wal1, the tn:lnner.,wall por~jolls J9~ a nu01ber of grooves 
or '~ha~nels.:i12. · . ,. . ... ·. . .. ~· -~ '· 

' ~ : 

25 . ~-; ... ·. :. >;·~ 
The <:·oml>inatio:n ·of longi~udinalJyAispose4_t'hi.c~~r,._material portions 

.. >. no. an:d:, .. thi;n.ner material. porti()n$ 111. involves .i~creased ·rigidity ag~:inst bending• -~t the sam~ ti~e as the .. re~ilience of th~ sensitive 
body 30 tranversely of the 10ngi_tudinal di~ecti~n of the sensitive body 
is .retained} I~ .certain combinat.ions of thi~knesses and widths of both th~· chann~ls 112 and .the t~i~k~~-~d-· p~~tio~~- ·1i1, ~ncr~ased resi 1 ience 

30' 

is. a~hi~ved·. tr~rtsvers~ ly of..':th~ :::1 ()ngi t4diraa'i d:irec~i .. on, o.f. the sensitive 
bod/'at:the. sa~¢time as, the :d~~,i~,!!d. flex~tct'l. rigidity is. maintained. :·.·. ·.:· '·< .· ... ,.... •: • : :" ,. ·. ; . • '·..... . . .. • . . '"". ... ;: 

::; ... ;:;: 

35 .. As will .. be'.~pp~rent from th~ '.figures, the:''~~nsor-portiqnJO in.c:ludes a 
"·. ·• fi.r~t efr~dportion 19.; herf!~n,~fter generally .referreq t~ a~_ lower end por~iofr~ whi~h.f~·connected to the retainer portion 60. and a second 
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(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 r~silient material. Along its o~ter 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 cav.ity 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-
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, . : brane·, the f'tr~.t retai.ne.r device .-61 has?:-:~ddownw~rdly ·f:aci,ng abutment ··. s,.u,:r.fa.ce 6. ·g·_ •._-•._< . . .. . .. . . :. . ·.· . .. . 
···~ . -~' .. : ; : ·: ·. ' : 

-~ . .·_ . ; . . ~: 

· In'.'.ihe J!mb;id.im~n1;s shown .. J11 .thE! f,igur~s,:, t~e.,firs:t:.re:tainer. device has 
• .. 5· .··· a shoujder;..:1 i:k~. -portion 68: who~e i,nner. walL.f Qrms, the abutment ·surface 

... · . . .. 69~-: Tt)e<.ffrst retairteT':.<fE!vtce 61 inclµde$-, in.J,t$ .lower ·reg·ion, a sub­
. ~~arltia1Jy hollow cyl in.drtcal -:p.ort.ion 10 .•.. In .,H$ -.. lower. em~,. the first 

/ reta.ine17 ·d~vfc;.e is gen~.17a]1y provided wtth ::an_,.c)utwardly and downwardly '.:=·; 

. : . . di~E!tted circumfereni;i,a·l .. •cQ.ll.a:r 63. 
.._.: ' ' :.~· .... , .. ·:-._.·:.:··· ,, 

:";; 
<;:- ·. . : . : ' ~ 

Th~:s.econd :Clower) retain~r device 62 is .substanttally tubular in con­figtif~tion .. _In its upper end, the end of the second retainer device 
-. ·f9.rifts an ilh:utm,ent ,surface 7l :wo.ich -abut:~ agaiost. t~e anch~rrage ring 16 :··of·.the>_membrane .. or:i that ·s.ide-.of -.the. a~chorage rjng-.whjch ;is opposed to ,, J 5 ... ,.,the· slde; of the anchor~ge -r;i~g .facing towards thf;! .. abu~ment· surface 69 

., .. : .of th~ 'fit~t hetainer device.'. The -second retainer devic;e 62 is gener-. al fy,:fixei.to: the first ·r¢1:~.i,n~r. d~vice · 61 by-.means of. a $nap connec-
tion.72 •. 

~ .. ftgf. 2, and·3· show.:o,ne .em~QQiment of,the·;~ppara.tus in whi.ch the conical 
.. po,rti•on:3l'.ofthe lower end portion.J9 of the .sensor-.portion 10 has a 

.. , 1 ower·. edge :•14 which i s.J oc.ated: ~--di stance fr9m the membrane 15. The 
conjcal po~ti~n ,;s sealingly;fixed· to··the. inwardly,. facing· surface 76 of .-t~e .·first· ·retainer device: 6J.:~, bY means of an· adhesive. IR this embodi-

25 · ::,.ment,'·the first .. retai-ner d~'vice 61 forms, together· with. th~ sen~or por­
.ti~~·lO·and the membrane 15; 15a·~c.the··inner cavity 13. 

· ..... 

. .. ·.In ·,the·,embodi~ent. illustrate~: in-· Figs.: 2, and~ 3-,·-.·the downwardly facing 
· .. , a.butment: slJrface, 69~ of,. -the fir$t: retai.ne.r: deyi ce, 61- ab~ts.: against the 

._30. anchorage ting·.16 of the m~mbr~ne.(In .that:~ posi_tjon .. in which the second 
retainer de~ice 6.2 is fi.xed ... ln relation to the.first retainer device . .· . . . ; . ' ' .. . . . ~ . . . . : . E;l-, the -.~nd1orage .rj ng 16. ; anq ,thereby the membra~e,. :is. fixedly 

: r:.etai'~ed; -in that the -inner ~b4tm~nt surface. 69 of,,the fi r~t retainer 
:: device: and the abutment surf~-q~ 71 o.f th~. s.econd· .retainer, ;device 62 

35 . a.1:>1.1{u·nder 1 pre~.$ure agai n$t>ppppsing sides of the a,nc.ho.rage rtng 16. 
·· .: Giv~r) t'ha:t the anchorage ri.:ng :c~ns·ists of an ,elastic material, a 

.. ,·'. :::: 
~: .. 
. , 
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reliable seal wi 11 be obtained between the anchorage ring and the first 
retainer device 61. 

Figs. 2 and 3 show one embodiment of the appar~tus 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~ ~he bodyforms 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 
Fi~. 2 to the tensioned position illusttated 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-
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. :·;·,;::· .·. ment of the. ,;jDeiQbrane' 
.. · .· sehstti ~e:_:bpd~. .· ·.· 

it .is a 1 ways_ Joc.~~'!it'.-~i.thJn .. th_e ,cav.i ty of the 

.·.:=··. 

:·. ; .. : _: ·: ~ ;' ·. 

Figs. 5 and 6 show one embodiment of th~?apparatus where the lower end 
·.5 . portiJ>n 19 .. of the. sensor .. p0,rtion ,-lO:Js. p~~vided- with a.n .a~chorage 

·.flange 32: which, downwar_d ly, :termi nat.E!S th~,'. lowe.r: .end port-i _on • The an-·. . . .. ·-. ·. ···.,. . . 

. :··, . 

JO 

chorage flange ·is· dimensionect so as .af'fe~st partly _to ·e>verlap the an­
chqrage.: ri°tlg. 16 of ~h.e, membr(lo~. Jn, th~~e ~m,bodiments,. the abutment 
stirfa.ce :69<of the f..i rst petai ner deyi~~'si .. abu,ts_ a.gai nst. ~he anchorage 
flange 32 ~<·For sealing abutment betwe~n' fhe··:anch9tage flange .3.2 and the . ! • 

: . :;. ·.:: • ~· . 

ancborage<t.ing 16 of the membrane, toe.a~chorage flange and the anchor­
.. J~ge ·ring are pressed (lgaJnst <me anoth.et··i>~tween the abu.tment surface 
.. ,6.9 of:the/tir,5-t. retainer:i·~evice 61 Cl.,P~;.~~i: iibutmen,t ~urface 71 of the 

second,.retainer device 62~. At the ~am~ ·ti111¢,> th~ .sensor. portion 10 and . ··. . . . =·· ., . . .• . ,_. . ·.' : ' '···-·· .;.·· .. ·'. . : . •' ~ v . . • .• • 

15 the membrane 15 are fixed in the r.e~ainetpo,r~.ion 60. It will be obvi-
o~s to a person skilled in the .art that~.\~. certain embodiments the an­

... ch<)rage_.flaf)ge· 32 and.~.he.anchor~ge.::~ing.-:16 are.permanently and as a ... ····· . · .. • . . ·. . ..... ··· ... '· .· 

-.- rJle .sealingly connected::to one. anot~er~- ·'f~r E!:Xa~ple by an adhesive, a 
sn~p.-co.nn~·tH.ng d,evice, etc~ In th~~-e emp_odi_ments, the _sEmsor portion 

. ·20 ·: l_O and the. :lnembrane 15 fon_Jl a cohesive unit. ,, . 

. - . 

· THe-.embodf~ent. de~c;:ribed:wi~h connec~ion;to .figs. 5 and .6 where the 
membrane ,·i·s.-.provi ded with : the anchorag~ r.ing _16, . is a 1 s~ employed in 
certai:n :Pr~~tical applica~ions in that.:.embodiment,_of .th~ present inven-

_25 ti:on;:~hi,ch:··i.ncorpor;ates. the body 40 .. <>f·--ma~neti~ material. · .. :.•.. . .:. . . . . . .·•· .......... , ' .. 

30 

,'•.> •. · •. 

~;·gs~ ;5 and 6 show an ,embodiment of the ~r-etainer pprt,ion. 60 in which an 
int~~edia't~ ~p~rtion- 66. is .~isp.osed :be.tween. th,e fi~st·, re.~ainer device 
61 .and the"·~~~ond: retainer. device. 6.2.~ · :rhe<int~m.e.~iat~,- portion is fixed 
to the fi~st retainer. device by a .sn~p-«c~hnection .. 73, and to the second ·. . .• :· .. • . ' • . .·. ,· ~· . • •• . . !: ' : ... ·. :·. . . ·: . • .. '· - • re·tainer device by a snap. ,c:om1e~~i on.74_ •. · •· , , .. _,, · .. · ·> .. ·-.. ~ 
I 1:r ·. certa i ri ._ .. · embod i ment.s •.. the .. dete.ctor_.·~~vfc¥ 43 j s. di sp.()~ed between the 
fi ~st body :·40 and. the seco~d :bo~y 44 ~hii:h.~lso. consi.st~· of magnetic 

35 : m~teri;~l. l:~: one· preferre_d e°'b~dimen.t,.'.'th_~···se:<;~nd. body 44 forms a per­
ma~~rit magn~t. The bodies a re, as a rule, 'or ba r-1 i ke design so as to 
fo~ :~ar nl~g~ets. In those embodiments where both the .first and the ~ ·. ·.: 

' . 
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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-
t i a 11 y 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 conrected 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 
wh-ich 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 eludes a v'oltage source 20 and the registration and/or indicator device 
26. 
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The:. ·cav.ity 6a;1fprmed by .the secon~ re.ta:~,n~r. device ·62 above the detec­;t;ot device allo.~s .. the membrane, 15.a to,be,.di.sp]aced· from· the starting .· , . , . pc)s it i ~n. il 1 t.lst~ated i n; fi g .. ~ .·5 ;to- the . tens.·{oned : pos i ti on i 11 us t rated i n 

; ... : -

' Fig;~ 6. on· di~p 1 acement of the membrane towards the support device 81. 5 the.:central:portions of the rod are moved aside in an area between the . upper•a11dJower; portions. of th~ rod. as·:is apparent ·from Fig. 6. The ·· ... rad ls' dim~nsioned su.ch.Jha~··the Jower·portion ·52 of the rod 50 is .......... fixedto.fhesupport.device ~1 a.distance from:the·central portion 33 
, .'.: o.( th.~ .. ~~~tn~an~. which .i:s s.ufficiently -.large··for the rod ~ormally not to 10. . com~ ::in~c:> c?nfact with· the ·second:· surface of the second retainer device .. 62 when. theimembrane.15a. assumesdts maxiinunltensioned position (cf. 

·· ... 

! . 

, .Fig·.· 6). . < . . ' ·: . · 

. . . 

In···f:he«el!lbC>diment qescribe.d: io,figs. 2-3, :the ·detector device 43 is 
15 .dispo~ed, a.tifstance from.the;body:40 whfch is sufficiently great for 'the~body,::o~· n~rmal use of the apparatus~: '!not to :come into contact with '. ; . . ~· 

' 

·, the d.ete~tor device,.:when tbe:,rnembrane. 1s:!assumes its maximum tensioned ..... p~si.t.io.n: (~t.•··F.;g. 3). Th-is,effect.:·:.is achieved··i':n that the size of the ., , : closed .. cayi tY l~ in the unaffec,ted -,state (no' outer pressure app l i ed 

. .'··:>: 

20 agai~st the serisitive body 30) and the dist~nce between the central an­·Cborag~,;poritJo~r:33 of the ··membrane>and the detector device 43 have been .~el;~cted: su~h Jhat 011 maximum calCulated compression of the portion 30, ·the<~~_ntr~l:~n.thorage· portion 33 :or the body 40 fixed thereto is never .. dis'piacE!d t~· positions in which· the ancho·rag¢. portion 33 or the body 40 25 . ,is in 'C:or:itaC:1:: ~ith the support ·device 81 or with the 'detector device 
. ' 

r • .' . ~- .. 

. As has ·~l;ready be,en .. tntimated, ·in·the :embodi:ment according to Figs • . 5-6, .. thelength:.of.the rod~:SQ:has been:se;le~~ed: such·that on calculated 30 .. maxiinuDl:compres.s,ure of .the.:portton:.·30 ·of the,'_sensor portion, no· part of . toe·rod·:is.,l6cate.d .in. cont~ct.w.i,th;:the lnrier;defining surface of the 
. ~- . . . ·. . . . . .· ' 

35 

s~.cond ·r-etafri'e't·device 62. :'The;i:F,ls~lation :layer 75 is provided so as to avoid measurem~l1t error in' the •::e.vent of: unfo~eseen contact' between the 'i ""er: d~fi r;tin~'-~.urface of .the s~%~11·d:· retainer" device and the rod 50. 
" I ':'' ;;'.: . : · .. :· ···. '." :: 

, figs ... :ia:-e :show.embod<i,ments of;the: sensitive body 30 of the sensor. In ::the.embddime~ts ·illustrated ,,in 'figs•. 7b-e,: the sensitive- body is, in . :· ... ··. :- .. · .. ·. ·•'. .r; ~- .. : 
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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. 

The figures show one embodiment where the fir~t (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-

11tents, 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 o·f the displacement is determined by the size of the pressure 

reduction. A change of the outer pressure agai'nst the sensitive body 30 

will thus entail a corresponding change in the stretching of the mem-
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. brane ~>As a · r:gl~:; :the sensitive body has~i'~~en d.i mensi oned to be com­

pressed by .·.f()rces which are substantia.lly· l~ss than the forces which 

are requirecl?to displace the central portion of the membrane from its 

,rest posJtirih:. :As a res.ult,.; the membrane ts· wholly dete-minative of the 

5 ·, .. sensitivity ()f the apparatus. ·. < · : 

-JO 

~-;. . . 
' ;". <·. 
;-.... ,.•' ·;.:' l': 

= • In the. em.bodfme_nt · i lJ u_strateq .i 1l . Fi_gs .• -~-2"'.'J, .. d:i:spl acement ·of the mem­

bra~~ 15 en.t~:ils that the magnetic field force registered. by the detec­

tor .device _43 is changed, a change which entails that the registration 

and/~r jndjc~to.r.,device 26 qonn·ec1;ed .. to th~. ;dete~tor de.vtce regi.sters 
. :anc.t/~r- indi~~tes .the ch.ang.e qf the magnetic· field force. -This indica­

:tion.takes. place for:.e~ample-in:t;hat the·size of and/or the change of 

me~sured cu:~rent or .vQltage ,i$ ,registered ,on a magnetic tape. is shown 

by ·~.chang~:{n indication of a measurement instrument, by changed light 

15 ... : :ind.idatfon (~~ch as .. lighting ... or,~exti:ngt.ii.shing .of, ·,for example, one or 

more''lamps •ti~.'. one_:or more. ,LEDs)' .etc. ··· 
: • ' ;:._:- ·r , •. :· . ., .•.. 

.:. :·.:_;.;:·; :. 

·.Jn the ·embQ~i1nent i.llustrated :in·.Fig~ .:4.c~· -the =gui·de body 34 is dis-
.< •. · ·pla~~d withfrithe cavity 12:·of the1;sens-i-tive .. body~JO with· slight play 

,- ... _,, 20·- between tht! g~ide body and the,thickened ·portions 110. This displace­

menf,::iakes 'p}ace at the same~. rate as· the= mov~ment of the central por­

tio~ 33 of th~ membrane. The guide body rigidifies the central portion 

of the .. membr~rie. · This thereby avo-i ds undesi,red; deformation of the mem-

, ·" brane.··which could lead·to::erroneous in~ications.ofthe s.ize of the 

:25. ·comJ)r~ss-i on::~f'the sens i tj ve body: 30. The .. channe 1 s 112 1 ocated between 

'the.ihrcken_ed portions ens1Jre the. redistri~-~fion· of .pre,ssure medium 

which .. occurs> rin· compression or e.xpansiop .of,'the sensitive body 30 and 

which is i~~'i'tated by the tensioned positiqn of the membrane . 
.. · .. :,_.· 

30 On downward ·di:sp 1 acement of the membrane, the embodiment of the rod 50 

shown · in Fi g·~i: 5-6 i s moved aside in a .regi.on between the upper and 

1 owe,r portipn~ 51 and 52, respectively ,,:.of :·the rod. The second retainer 

devi.C:e 62, .+the,, membrane 15a and ~he rod}~o /a:re included in the electric 
.. '"'· .. . . . ,•. ' : 

Circuit: whi:c~:<moreover encompasses the tWQ conductors 22, 23, the VO l t-
35 age ~()U)"ce' 2p.'and the registrati~n and/rlr"fn:dication device 26. When 

the ,~embra'1~{1sa is stretched, the resistance in the electric circuit 
:-··., 

. ,:.~-:- . . . ; 
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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 cohtractions 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 

Cl aims. 
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··CLAIM~ 
'. ~ ; ... .. ;:': ,, 

·l· 

5 

10 

15 

.3 .. . .,· ,. ! ·- · : :.- ~ . ·:.- L.= . (\ ~· 
A medit~f app~ratu.s Jl) .for :de~ecttng change~, iJ1 the cross-section 
:of an 'el()ng~te bocfr1; c~;ity, .fo;··example·,a· human.urinary tract, 
the appar,tus inc 1 udi ng a retainer po~t.i:'~~ (60) and a sensor por­
:ti on . .{lQJ:.~onnecte~ ,,:t;o. t.he,,re~ain.er porti9n il,nd ,including a sensi­

:" .ttve ,body i3ol.of i1.~~Jble «m~1:~'~ial, ~a.id ·~~nso~ portion (10) form-.. . '·:,,. .. :·.·.. . . =- ;- . ' ·i ' .•. ·,· . ··:. . in.g a subst;inti.ally,J:yf1ndric~l h~llow··bqdy (30) which constitutes : th.e .s.ensiti:ve body ·c~o.), .. the.·s~nsor.p()ftion including a first end p-~rtion'.(19) and a ~·e~~~d ;en~ 'p,orti~n di> .• ·.·the_ fi,rst end portion 
(19) of·.~:th.e sensor portfo~· bei n.g .co~~ected. to the .retainer portion 

) (60}, ~he>cavity (12)--,of.:th~ .. s~~siUve bo.dy,,(30) :being. included in 
.. a cl()se(f. ca~ity' (13) wh~lly,,~rp~rtly .. f;iJl~d :~ith ;a liquid and/or a 
, fo~abl~m~ss11 ~nd·~-press~re,se~~ing devi~e-_;(151115a-c) being pro­

vided forf~ensing the pressure in the ~a~ity. (13) 11 c h a r a c -
t.e r .. i 2:·e,.,d - in t~a~ the-... s.en~or p<>rtipn 00) is :mechanically : . . . . ·.. . •.. ' : ,l : . . . -· . . . • . . . . 

~ . 

. : '.i· .;·~ .. : :.fixe~ t(ith~ .. r~tainer,po:tti:~>n ,mo} ,or,ilyjn j __ ts first end portion 
(i9J; .and that:·.th~ .sens·it'tve. b~~Y. (3p) i~. d~signed as a catheter­l i ke elev.ice (30} p~~J~cti~g. f~o~ ,the··~et~i~~r portion (60) and 

: .. · . 

20 : 

25 

::·, 

·• being. p~ovi'd,e-d with,a.-.clos1.1re (37) in .. its. f\7!!~ ~rid (17). • !' : .. ·._ ·. ..;. : : : '··· \) .... · •.. ·'' . :,-: •. · •• ·: .. ; ... ·.• .·• 

' .. : ... ·,. 
. . ~ 

2. · The appa;l··atus as claimed in Claim 1, c h a r a c t e r i z e d in 
: .that the:_ sen~jtive bpdy' (30} .. has' a. numl;>er .. of .. thi_ c;kened portions 

. (UO)di~po~'~d in tti~''1~ogitudinal di~~cti~n-'otthe sensitive body. ; :. '; ··: . . ::,· . .• : ·: ..• ''·: .,···· . i,; . 

.... ·.: .. 
3 .. '.The app~raf:us as claimed in Claim 2, c h a r a c t e r i z e d in 

, that.the.·thtc.kened; pprtions, (1.10) are:· dispo$ed pn the inside of the ... •. w~i t: (.ll) of .. th~:· ~.ens.i t,_i ~e·: ~~.dr.~:; .· .... 
'.·-.-:_ ... ·· 

1. ;" .. ·. .· ·.>-<:1 . : . ··' : ., :· .. :··.·.· 

30 4. Th.~ ,,appatat~s .as cl a,i 1ned Jn. any, of ~l atrli5- l"."3 •. , ,c, h a r a <; t e r -.. i z e d '{in:t.hat the. pre~~~re-s~nsf~g d~~ic~ is. d~signed as a mem-
. br~ne :C i~;i:~a':'c-) • , . . , .. ,, . . .... ,. . 1 : .. · .... ·-, ·.·:; 

, 5 .•• ·. ;The, apparat~s., as., claiJ~e~,}n_ .Cla.im 4, .. c·;h. a. ,r_ a c t e r i z e d in , 35 ·.·,_.'that a.,gUid~:· ,body. (34) .. 1.s:'.s~c~re~- to, .a .. ·t~n.t.~al.,portion (3~} of the '~embrani (15¢1; )that . .t.he··. guide body:. ·~e.a~hes_, .into the cavity ( 12} of 
the -s,e~s:i'ti V~~ '.bo:~y; ·~nd, that ,th,e 9~f~·e; ~Od.Y,; ,.{3~) ,i S disposed to be 
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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). 

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). 

15 

7. The apparatus as claimed in Claim 6, ch a r act er i zed in 
that the first body (40) is secured to the membrane in its central 
portion (33). 

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 materia1 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-
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dica~i.ri~L:the change of the resistam:~t of the circuit consequential 
upon th~.:~hange in configuration of.'the membrane • 

. . ;-

13. The app~tatus as claimed in Claim 12, c h a r a c t e r i z e d 
5 in that .a contact pi~ (50) of elastic-and electrically conducted 

materta·l is included :.in the electric circuit; and that the contact 

pin h;disposed between:a:central por:tion (33) of the membrane 
(15a) ;~.d a support. de~~c~ {81) provid~d in the retainer portion 

(60). 

10 

·:.: .· 

·,,· 

. ! -~ .. 
. :·· 
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