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(54)  Measuring  instrument  for  detecting  degrees  of  relaxation 

(57)  The  invention  relates  to  a  measuring  instrument 
for  detecting  muscular  activity  (F)  especially  in  the  area 
of  the  hand.  The  measuring  instrument  (1)  comprises  an  -  ' 
elongated  connecting  part  (2),  by  which  at  least  two 
points  of  the  hand  (6)  moving  with  respect  to  one  another 
are  supported  so  that  the  movement  of  these  points  is  .£h  —  ; 
transferred  to  the  connecting  part,  a  hand-securing  Lc'  \  ^  J  ^  
means  (12),  and  a  measuring  transducer  (3,  13)  secured  \  J /  
to  the  connecting  part  for  providing  a  signal  dependent  lq  5X1  V"\  \   ^-ci^ 
on  the  movement  between  the  said  points  of  the  hand  " V ^ x M   / c n S ^ ^  
and  preferably  proportional  to  this  movement,  which  sig-  X A ^ ^ ^ L y   ^  
nal  can  be  transferred  to  the  device  (10)  providing  the  y ^ / ^ ^ - ^ ^ J j r ^  
measuring  results.  The  connecting  part  (2)  comprises  ^ ^ C ^ ^ / ^ ^ ^ ^ ^ o   V 
two  branches  (4a  and  4b)  which  together  form  an  angle  Si  / / v   \  *~" 

(5)  and  are  connected  to  one  another  in  an  articulated  n\r\  A\ 
(9)  manner  so  that  the  angle  (5)  between  the  branches  °\y  /'  /  *~/\ 
forms  a  plane  (20)  which  remains  at  least  approximately  -olJi-/  / ]  
constant.  The  first  branch  (4a)  is  supported  by  one  finger  ^  J 
(7)  and  the  second  branch  (4b)  is  supported  by  a  part  / 
(8)  of  the  hand  with  respect  to  which  the  said  finger  I I  
moves,  in  this  case  the  forefinger.  A  force  measuring  l  l 
transducer  (3)  is  placed  to  measure  the  force  (F)  respec-  /  / 
tively  dominant  between  the  branches.  —̂  '  
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Description 

The  invention  relates  to  a  measuring  instrument  for 
detecting  muscular  activity  in  the  area  of  the  hands  in 
particular,  comprising  generally  an  elongated  connecting 
part,  on  which  at  least  two  points  of  the  hand  moving  with 
respect  to  one  another  are  supported,  so  that  the  move- 
ment  of  these  points  is  transferred  to  the  connecting  part, 
and  at  least  one  measuring  transducer  attached  to  the 
connecting  part.  The  transducer  provides  signals  de- 
pending  on  the  movement  between  the  said  points  of  the 
hand,  and  these  signals  can  be  transmitted  to  a  device 
to  provide  observation  results.  The  invention  also  relates 
to  a  method  for  detecting  at  least  the  detachment  of  the 
measuring  instrument  installed  in  place  by  using  a  device 
that  fixes  the  instrument  to  the  hand,  as  well  as  to  the 
use  of  the  measuring  instrument  to  observe  or  measure 
functional  responses  of  muscular  activity  caused  by 
electric  stimulation. 

In  most  cases,  when  a  patient  is  anesthetized,  a  cer- 
tain  degree  of  muscular  relaxation  of  the  patient  is  need- 
ed,  which  can  be  provided  by  using  relaxants  which  at- 
tenuate  the  activity  of  the  neuromuscular  junctures.  Be- 
cause  different  levels  of  relaxation  are  required  for  dif- 
ferent  types  of  surgical  operations  and  because  the  re- 
laxants  also  have  an  intensive  effect  on  the  muscles  of 
respiration,  it  is  extremely  important  to  be  able  to  define 
the  level  of  relaxation  both  during  the  operation  and  be- 
fore  detaching  the  patient  from  a  respirator.  It  is  known 
that  the  level  of  relaxation  can  be  followed  by  electrically 
stimulating  the  nerve  of  a  suitable  muscle,  for  instance 
muscles  of  the  hand,  such  as  adductor  pollicis,  hypoth- 
enar  eminence,  and  the  first  dorsal  interosseous,  and  by 
measuring  the  size  of  the  muscular  activity  response 
caused  by  it.  In  order  to  measure  the  response,  i.e.,  the 
muscular  contraction  caused  by  the  stimulation,  different 
measuring  instruments  have  been  developed.  In  some 
situations,  there  is  also  a  need  to  recognize  or  measure 
either  intentional  or  unintentional  unstimulated  muscular 
activity. 

One  measuring  method  comprises  measuring  the 
electric  response  of  the  muscles  by  using  electromyog- 
raphy  (EMG)  which,  however,  is  a  complex  method  re- 
quiring  accuracy  and  as  such  is  generally  suitable  for  re- 
search  and  laboratory  use.  The  use  of  an  acceleration 
transducer  attached  to  a  finger  has  been  suggested  as 
another  possibility.  This  measuring  arrangement  is  easy 
to  set  in  place  but  the  arrangement  is  very  sensitive  to 
the  quality  of  the  pad  of  the  finger  as  well  as  to  uninten- 
tional  displacements  of  the  finger.  Therefore,  the  reliabil- 
ity  of  this  measuring  arrangement  is  fairly  questionable 
and  the  accuracy  of  measurement  is  probably  only  slight- 
ly  better  than  what  is  achieved  by  visual  monitoring. 

Efforts  have  been  made  to  eliminate  this  influence 
of  the  factors  independent  of  the  stimulation  by  using  the 
arrangement  described  in  publication  DE-39  39  790,  ac- 
cording  to  which  the  respective  measuring  transducers 
are  placed  both  on  the  thumb  and  the  little  finger.  The 

type  of  transducer  is  not  disclosed  but  only  an  accelera- 
tion  transducer  is  capable  of  providing  a  signal  in  the  ar- 
rangement  described.  Consequently,  the  arrangement 
of  the  publication  stimulates  both  the  adductor  pollicis 

5  muscle  and  the  hypothenar  eminence  muscle  simulta- 
neously,  and  only  responses  obtained  from  both  of  them 
are  accepted  as  measuring  results.  To  a  certain  extent, 
this  reduces  the  possibility  of  errors  but  does  not  elimi- 
nate  them  to  the  extent  desirable  in  practice. 

10  Publication  US-4  444  205  describes  a  strip-like 
measuring  transducer  made  of  conductive  elastomer 
which  is  placed  in  the  longitudinal  direction  along  the 
thumb  and  around  its  tip.  In  this  arrangement  a  deflection 
of  the  thumb  causes  a  deformation  of  the  elastomer  and, 

is  consequently,  a  change  in  its  resistance. 
This  type  of  measuring  transducer  measures  the 

size  of  the  thumb  movement  and  transducers  of  this  kind 
should  comprise  as  low  as  possible  deformation  resist- 
ances  so  that  the  actual  transducer  will  not  limit  muscular 

20  movement.  This  type  of  transducer  is  also  fairly  sensitive 
to  changes  in  the  thumb  position  caused  by  external  fac- 
tors,  therefore,  its  reliability  is  not  better  than  that  of  ac- 
celeration  transducers. 

Publications  DE-34  44  628  and  DEZ  Anasthesie.  In- 
25  tensivtherapie.  Notfallmedizin,  Band  19,  1984,  pp. 

78-80;  Friesdorf,  Schultz,  Mehrkens:  "Eine  einfache 
Methode  zur  Bestimmung  und  Registrierung  des  Relax- 
ationsgrades"  describe  a  measuring  arrangement  in 
which  a  steel  strip,  or  correspondingly,  a  plastic  strip  is 

30  secured  on  the  back  of  the  hand,  the  strip  extending  on 
top  of  the  thumb  and  the  thumb  being  secured  to  the 
strip.  Strain  gauges  are  placed  as  the  measuring  trans- 
ducer  on  the  steel  or  plastic  strip,  providing  a  signal  for 
a  deflection  of  the  strip  caused  by  stimulated  muscular 

35  activity  of  the  thumb.  Indeed,  the  arrangements  accord- 
ing  to  these  publications  measure  the  force  which  is 
clearly  less  sensitive  to  external  disturbances  than  the 
acceleration  transducer  arrangements.  However,  the 
two  arrangements  using  strain  gauges,  as  well  as  the 

40  motion  size  transducer  described  above,  and  the 
above-mentioned  arrangements  using  acceleration 
transducers  have  the  accuracy-decreasing  disadvan- 
tage  that  no  prestressing  force  focused  on  the  thumb  or 
on  the  little  finger,  respectively,  are  used  but  the  thumb 

45  or  the  little  finger  are  in  a  complete  rest  position  without 
stimulation.  In  practice,  this  prestress  cannot  even  be  ar- 
ranged  in  the  arrangements  according  to  these  publica- 
tions  because,  when  trying  to  achieve  this,  the  measur- 
ing  instruments  formed  in  the  above-described  ways  do 

so  not  stay  in  place,  or  no  desired  prestress  is  generated 
as  the  result  of  their  design,  or  the  prestress  itself  causes 
measuring  errors. 

The  volume  by  Ehrenwerth,  Eisenkraft:  ANESTHE- 
SIA  EQUIPMENT,  Principles  and  Applications,  1993, 

55  Chapter  15  "Neuromuscular  3lock  Monitoring",  de- 
scribes  an  arrangement  in  which  a  desired  prestressing 
force  of  0.2-0.3  N  (200-300  g)  is  arranged  on  the  thumb 
for  optimizing  the  mutual  orientation  of  the  actin  and  my- 
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osin  muscle  fibers.  In  the  arrangement  described  the 
whole  arm  as  well  as  the  palm  of  the  hand  are  firmly  se- 
cured  in  place  and  the  thumb  is  pulled  back  by  a  screw 
arrangement.  The  response  caused  by  the  stimulation  is 
measured  by  a  pressure  transducer  the  type  and  location 
of  which  is  not  shown.  This  kind  of  arrangement  is  large 
in  size  and  difficult  to  use  and,  consequently,  is  mainly 
applicable  to  research  and  laboratory  use.  Furthermore, 
securing  the  patient's  hand  in  a  completely  stationary  po- 
sition  for  the  long  period  of  time  required  by  an  operation 
may  cause  problems. 

In  addition  to  the  problems  described  above,  in  the 
measuring  instrument  intended  to  be  used  for  measur- 
ing,  e.g.,  stimulated  reactions  of  the  thumb,  the  fact 
should  be  taken  into  account  that  the  force  being  meas- 
ured  normally  increases  to  value  5  N  (5  kg)  and  in  ex- 
treme  cases  it  can  increase  up  to  10  N  (10  kg). 

An  object  of  the  invention  is  thus  to  provide  a  meas- 
uring  instrument  which  can  be  used  to  observe  qualita- 
tively  and,  when  needed,  to  measure  quantitatively  in- 
tentional  or  unintentional  movements  of  muscles  and 
typically  those  of  any  finger,  which  movements  may  be 
stimulated  or  unstimulated.  Another  object  of  the  inven- 
tion  is  the  kind  of  measuring  instrument  which  can  be 
used  to  focus  on  the  finger  a  desired  amount  of  pre- 
stressing  force  when  needed.  The  purpose  in  particular 
is  to  provide  on  the  finger  an  accurate-size  and  meas- 
ured  prestressing  force  against  which  the  actual  move- 
ment  of  the  finger  has  to  work.  A  third  object  of  the  in- 
vention  is  a  type  of  measuring  instrument  which  is  small 
in  size  and  quickly  and  easy  to  secure  to  the  hand  and 
does  not  require  the  hand  or  arm  to  be  secured  into  a 
stationary  position  but  allows  a  free  position  of  the  hand. 
Consequently,  the  use  of  the  measuring  instrument  has 
to  be  so  simple  that  it  can  be  used  in  a  routine-like  man- 
ner.  A  fourth  object  of  the,  invention  is  the  kind  of  meas- 
uring  instrument  which  provides  an  accurate  measuring 
result,  i.e.,  a  signal  which  is  as  accurately  as  possible 
proportional  to  the  real  reaction  force,  i.e.,  the  response 
of  the  finger;  which  is  essentially  independent  of  the  po- 
sition  of  the  hand,  the  pad  of  the  hand,  and  movements 
of  the  hand  caused  by  other  reasons,  or  changes  thereof. 
A  fifth  object  of  the  invention  is  a  kind  of  measuring  in- 
strument  providing  a  signal,  or  providing  a  signal  on  the 
basis  of  which  one  can  unambiguously  observe  the  de- 
tachment  of  the  measuring  instrument  from  the  hand.  A 
sixth  object  of  the  invention  is  a  measuring  instrument 
adapted,  or  adaptable  in  a  simple  way,  to  be  applied  to 
different  types  of  hands. 

The  disadvantages  described  above  can  be  elimi- 
nated  and  the  above-defined  objectives  implemented  by 
the  measuring  instrument  according  to  the  invention 
which  is  characterized  in  what  is  defined  in  the  charac- 
terizing  part  of  Claim  1  ,  and  by  the  method  according  to 
the  invention  which  is  characterized  in  what  is  defined  in 
the  characterizing  part  of  Claim  1  0,  and  by  the  use  of  the 
measuring  instrument  according  to  the  invention  which 
is  characterized  in  what  is  defined  by  the  characterizing 

part  of  Claim  15. 
A  specific  advantage  of  the  invention  is  that  the 

measuring  instrument  and  method  according  to  the  in- 
vention  can  be  used  to  exert  on  the  thumb  or  other  finger 

5  an  accurate  prestressing  force  of  the  desired  size  al- 
though  the  instrument  is  small  and  easy  to  use.  Another 
specific  advantage  of  the  invention  is  that  the  measuring 
result  is  accurate  and  very  linear  starting  from  a  zero  val- 
ue  of  the  response  force  of  the  thumb  and  extending  up 

10  to  high  response  force  values,  yet  other  movements  of 
the  hand  or  a  change  in  its  position  or  other  environmen- 
tal  factors  do  not  have  a  significant  influence  on  the  ac- 
curacy  and  reliability  of  the  measurement.  Yet  another 
advantage  of  the  invention  is  that  the  measuring  instru- 

15  ment  according  to  it  is  simple  and  firm  and,  therefore, 
does  not  break  easily  and  that  by  using  it,  the  most  ad- 
vantageous  finger  regarding  the  respective  use  can  be 
selected  for  the  recognition  and  measuring  of  the  finger 
movement. 

20  The  invention  is  described  in  the  following  in  detail 
with  reference  to  the  appended  drawings. 

Fig.  1  represents  one  embodiment  of  the  measuring 
instrument  according  to  the  invention,  in  which  the  finger 
that  primarily  moves  is  the  thumb,  as  secured  to  the  hand 

25  on  the  back  of  the  hand  from  direction  I  of  Fig.  2. 
Fig.  2  presents  the  arrangement  according  to  Fig.  1 

in  the  direction  of  the  fingers  and  in  direction  II  of  Fig.  1  . 
Fig.  3  represents  the  second  embodiment  of  the 

measuring  instrument  according  to  the  invention  as  a 
30  separate  unit  in  the  same  illustration  as  in  Fig.  1  . 

Fig.  4  presents  the  third  embodiment  of  the  meas- 
uring  instrument  accordingtothe  invention  asaseparate 
unit  in  the  same  illustration  as  in  Fig.  1  . 

Fig.  5A  presents  the  fourth  embodiment  of  the  meas- 
35  uring  instrument  according  to  the  invention,  in  which  the 

middle  finger  is  the  primarily  moving  finger,  as  secured 
to  the  hand  on  the  gripping  side  of  the  hand  in  direction 
IV  of  Fig.  5B. 

Fig.  5B  presents  the  arrangement  according  to  Fig. 
40  5A  as  a  cross-section  along  plane  Ill-Ill  of  Fig.  5A. 

Fig.  6  presents  the  fifth  embodiment  of  the  measur- 
ing  instrument  according  to  the  invention,  in  which  the 
moving  fingers  are  the  forefinger  and  the  middle  finger, 
as  secured  to  the  hand  as  viewed  from  the  back  of  the 

45  hand. 
The  same  reference  numbers  are  used  in  the  follow- 

ing  description  for  the  same  and  corresponding  compo- 
nents  of  the  measuring  instrument  in  different  embodi- 
ments  of  the  measuring  instrument. 

so  Figs.  1  and  2  present  the  measuring  instrument  ac- 
cording  to  the  invention  as  located  in  place  in  the  area 
of  hand  6.  The  hand  in  this  context  refers  to  the  area 
extending  from  the  wrist  to  the  finger  tips,  including  the 
wrist,  and  the  palm  of  the  hand  refers  to  the  area  of  the 

55  hand  which  comprises  no  fingers.  Measuring  instrument 
1  according  to  the  invention  generally  consists  of  an 
elongated  connecting  part  2  comprising  two  branches  4a 
and  4b  which  together  form  angle  5  whose  size  can  vary 

3 
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considerably  in  the  different  embodiments.  In  this  em- 
bodiment  these  branches  4a  and  4b  comprise  the  con- 
necting  part  2  of  a  V-shape  or  an  L-shape.  This  connect- 
ing  part  2  is  placed  in  hand  6  so  that  thumb  7  is  supported 
by  first  branch  4a  and  forefinger  8  is  supported  by  second  s 
branch  4b,  whereby,  consequently,  plane  20  of  angle  5 
between  the  branches  sets  approximately  in  the  direc- 
tion  of  the  hand  and  the  connecting  part  is  between  the 
thumb  and  the  forefinger.  It  is  appropriate  to  shape 
branches  4a  and  4b  of  this  connecting  part  2  into  the  form  10 
of  troughs  the  concave  sides  1  5a  and  1  5b  of  which  point 
away  from  angle  5  between  them,  whereby  concave  side 
15a  of  first  branch  4a  comes  against  thumb  7  and  con- 
cave  side  15b  of  second  branch  4b  comes  against  fore- 
finger  8.  In  this  case,  the  connecting  part  remains  well  in  15 
place  in  the  hand  and  the  fingers  are  not  apt  to  move. 

First  branch  4a  and  second  branch  4b  of  connecting 
part  2  are  connected  to  one  another  by  articulation  9  so 
that  the  branches  are  allowed  to  at  least  slightly  move 
on  the  plane  of  angle  5  between  them,  i.e.  on  movement  20 
plane  20  towards  one  another  when  force  F  twisting 
thumb  7  is  effecting  on  the  thumb,  the  force  being  caused 
by,  e.g.,  a  contraction  of  the  adductor  pollicis  muscle 
caused  by  stimulation,  i.e.,  by  the  response  of  muscular 
activity  to  the  stimulation.  In  the  embodiment  of  Figs.  1  25 
and  2,  this  articulation  9  comprises  the  flexibility  of  the 
area  joining  branches  4a  and  4b.  The  actual  branches 
4a  and  4b  are  preferably  of  as  stiff  a  material  as  possible 
in  order  to  transfer  force  F  exerted  by  the  thumb  as  ef- 
fectively  as  possible  to  the  measuring  transducer  3  or  1  3  30 
described  below.  As  already  stated  earlier,  area  9  joining 
the  branches  is  slightly  flexible  or  bendable,  whereby  it 
provides  in  practice  a  structure  functioning  in  the  way  of 
an  articulation  comprising  a  virtual  articulated  shaft 
which  is  approximately  perpendicular  to  the  image  plane,  35 
although  no  actual  mechanical  articulation  point  is  per- 
ceivable.  This  area  of  articulation  9  is  marked  in  Fig.  1 
approximately  with  cross-ruling  but  the  area  has  no  pre- 
cise  boundaries  and  the  extent  of  the  area  depends  on 
the  more  detailed  shaping  of  connecting  part  2  and  on  40 
the  quality  of  the  material.  However,  it  is  essential  that 
force  F  may  cause  a  small  change  in  angle  5  because 
of  the  flexibility  of  the  area  of  articulation  9.  It  is  essential 
that  the  structure  of  articulation  9  is  comprised  so  that 
the  above-described  plane  20  remains  at  least  approxi-  45 
mately  constant  while  force  F  of  the  muscle  effects 
branches  4a  and  4b  of  the  connecting  part,  i.e.,  the 
branches  move  towards  one  another  and  away  from  one 
another  on  this  motion  plane  20  regardless  of  the  size  of 
angle  5,  per  se.  This  ensures  good  accuracy  of  measur-  so 
ing.  The  motion  plane  20  formed  by  angle  5  is  approxi- 
mately  in  the  direction  of  the  image  plane  in  Figs.  1  ,  3-4, 
5B,  and  6. 

Fig.  4  presents  another  embodiment  of  the  connect- 
ing  part  2  according  to  the  invention,  comprising  the  area  55 
of  articulation  9  corresponding  to  the  above-described 
one  which  is  similarly  marked  approximately  with 
cross-ruling  and  comprises  a  larger  area  on  the  plane  of 

angle  5  than  that  in  the  embodiment  of  Fig.  1  ,  and  a  vir- 
tual  articulation  shaft  which  is  approximately  perpendic- 
ular  to  the  image  plane.  In  contrast,  the  embodiment  of 
Fig.  3  presents  the  articulation  structure  9  provided  with 
a  shaft  24.  Naturally,  according  to  Fig.  3  it  can  be  under- 
stood  that  branches  4a  and  4b  can  turn  with  respect  to 
one  another  on  the  plane  of  angle  5,  which  is  the  same 
as  the  image  plane,  around  shaft  24  which  is  perpendic- 
ular  to  the  image  plane  and  the  plane  of  angle  5.  It  is 
obvious  that  other  types  of  articulation  structures  can  be 
used  but  it  is  advantageous  to  use  articulations  9  which 
only  allow  the  movement  of  branches  4a  and  4b  gener- 
ally  on  the  plane  of  angle  5  or  on  some  other  correspond- 
ing  motion  plane  20,  whereby  a  physical,  fixed  articula- 
tion  shaft  line  is  illustrated  in  the  connecting  part,  or  a 
virtual  fixed  articulation  shaft  line  is  illustrated.  The 
measuring  instruments  presented  in  Figs.  3  and  4  are 
intended  to  be  placed  between  the  thumb  and  the  fore- 
finger  in  a  similar  way  as  the  measuring  instrument  ac- 
cording  to  Figs.  1  and  2.  All  the  same  types  of  articulation 
structures  can  be  used  in  the  measuring  instruments  of 
Figs.  5A,  5B  and  6  as  what  is  presented  in  connection 
with  the  other  figures,  although  they  are  intended  to  be 
placed  between  the  middle  finger  and  the  palm  of  the 
hand  and,  correspondingly,  between  the  forefinger  and 
the  middle  finger. 

Connecting  part  2  according  to  Figs.  1  and  2  com- 
prises,  for  placing  the  measuring  transducer  3  which 
measures  force  F  exerted  by  thumb  7,  a  narrow  slot  11 
between  branches  4a  and  4b  and  in  portion  17  connect- 
ing  the  branches,  extending  towards  the  area  of  articu- 
lation  9  from  the  spread  angle,  i.e.,  the  open  area  be- 
tween  the  branches.  Height  25  of  slot  11  in  the  direction 
of  the  tangent  of  the  circumference  corresponding  to  an- 
gle  5  is  so  small  that  it  preferably  allows  as  small  a 
change  as  possible  in  angle  5,  as  the  first  and  the  second 
branch  are  pressed  towards  one  another  by  using  max- 
imum  force  F,  such  as  a  force  of  10  N.  If  for  any  reason 
a  fairly  large  change  in  angle  5  has  to  be  allowed,  it  is 
possible,  although  the  accuracy  of  the  measurement 
slightly  decreases.  We  do  not  know  if  values  examined 
accurately  enough  exist  below  which  the  change  in  angle 
5  should  be  in  order  to  achieve  the  desired  accuracy,  but 
there  is  reason  to  assume  that  a  change  as  small  as  pos- 
sible  in  the  angle  improves  the  accuracy  for  two  reasons. 
The  first  reason  is  that  the  elastic  constant  of  the  articu- 
lation  structure  does  not  need  to  remain  constant  during 
the  travel  of  change  of  the  angle.  The  second  reason  is 
that  the  force  caused  by  a  certain  size  movement  of  the 
finger,  which  would  change  if  angle  5  changes,  cannot 
do  this.  Height  25  of  slot  1  1  in  this  case  is  adjusted  to  be 
close  to  the  thickness  of  transducer  3  in  the  direction  of 
the  transducer  in  which  it  measures  the  force.  As  this 
transducer  3  measuring  the  compression  force  is  placed 
in  slot  11  in  the  position  where  its  direction  of  dynamom- 
etry  is  joined  with  the  height  of  the  slot,  it  is  understand- 
able  that  force  F  exerted  by  the  muscular  activity  of  the 
thumb  provides  a  slight  decrease  in  angle  5  caused  by 

4 
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articulation  9  and,  correspondingly,  a  decrease  in  the 
height  measure  25  of  slot  11  ,  whereby  the  compression 
force  is  exerted  on  measuring  transducer  3.  Measuring 
transducer  3  provides  a  signal  of  this  mutual  compres- 
sion  force  F  of  the  branches  which  is  transmitted  along 
line  36  to  device  10  providing  a  measuring  value.  The 
transmission  of  the  signal,  obtained  from  measuring 
transducer  3,  along  line  36  and  the  further  processing 
thereof  in  device  10  to  provide  a  measuring  value  or, 
when  needed,  an  observation  result,  comprises  prior  art 
known  per  se,  therefore,  it  is  not  described  further  in  this 
application.  Slot  11  extends  in  a  direction  perpendicular 
to  plane  20  of  angle  5  of  connecting  part  2  along  the 
whole  width  of  connecting  part  2,  as  can  be  seen  in  Fig. 
2,  and  the  direction  of  the  depth  perpendicular  to  slot  1  1 
and  the  height  and  width  thereof  is  preferably  in  the  di- 
rection  of  either  branch  4a  or  4b  or  in  the  direction  of  any 
line  between  the  two.  The  direction  of  depth  of  slot  11  is 
thus  set  between  the  directions  of  lines  22a  and  22b  lim- 
iting  the  angle  5  in  this  embodiment. 

The  embodiments  of  Figs.  5A,  5B  and  6  apply  the 
above-described  arrangement  for  exerting  force  F  of  the 
finger  to  measuring  transducer  3  by  using  the  small  slot 
11  between  branches  4a  and  4b,  the  measuring  trans- 
ducer  in  question  being  placed  in  the  slot.  Only  the  de- 
sign  and  dimensioning  of  the  parts  deviate  from  one  an- 
other.  Regarding  these  embodiments,  any  of  the  ar- 
rangements  described  below  may  also  be  applied  for  ex- 
erting  the  force  on  the  transducer  as  well  as  any  type  of 
measuring  transducer  described  in  this  application. 

In  the  embodiment  of  Fig.  3  a  corresponding  small 
slot  1  1  is  provided  between  projection  1  4a  of  first  branch 
4a  and  second  branch  4b,  whereby  height  25  of  the  slot 
is  approximately  perpendicular  to  the  length  of  second 
branch  4b  and  the  depth  of  slot  11  is  approximately  in 
the  direction  of  second  branch  4b,  unlike  in  the  embod- 
iment  described  above.  It  is  obvious  that  in  this  kind  of 
embodiment  slot  11  can  also  be  directed  in  many  other 
directions  so  the  invention  is  by  no  means  limited  to  the 
above-described  locations  or  positions  of  slot  1  1  ,  as  long 
as  height  25  of  the  slot  corresponds  to  the  thickness  of 
measuring  transducer  3. 

Fig.  4  illustrates  another  embodiment  in  which 
branches  4a  and  4b  of  connecting  part  2  are  joined  at 
the  outer  ends  thereof  by  projections  1  4b  and  1  4c  which 
are  placed  one  after  another  and  approximately  in  the 
direction  of  the  tangent  of  the  circular  curve  correspond- 
ing  to  angle  5  between  the  branches.  Slot  1  1  can  be  ar- 
ranged  between  these  projections  14a  and  14b,  the 
height  25  of  the  slot  being  preferably  in  the  direction  of 
projections  14b  and  14c.  Alternatively,  in  the  embodi- 
ment  of  Fig.  4,  a  small  flexible  portion  21  can  also  be 
arranged  between  projections  14b  and  14c,  allowing  a 
change  as  small  as  possible  for  angle  5  between  the 
branches  when  the  thumb  influences  the  connecting  part 
by  force  F.  In  this  case,  instead,  another  kind  of  measur- 
ing  transducer  1  3  is  used  or  this  flexible  area  21  in  itself 
provides  transducer  13  measuring  its  deformation,  the 

transducer  being  described  below.  In  this  embodiment  is 
also  true  what  is  described  above  about  the  allowed 
change  in  the  angle  and  its  influence  on  the  accuracy  of 
measurement.  The  solution  of  Fig.  4  can  also  be  applied 

5  to  the  measuring  instrument  and  the  connecting  part  de- 
scribed  in  theotherfigures,  especially  in  Figs.  5A-5Band 
6.  The  flexible  area  21  can  be  at  an  essential  distance 
from  the  area  of  articulation  9  or  it  can  be  very  close  to 
it.  The  distance  can  be,  e.g.,  over  5  mm,  over  10  mm,  or 

10  over  25  mm,  or  it  can  be  so  small  that  flexible  area  21  is 
placed  inside  the  area  of  ariculation  9  close  to  the  virtual 
articulation  line  or  against  it.  This  flexible  area  21  gener- 
ally  used  for  measuring  the  force  cannot  be  against  the 
real  or  virtual  articulation  shafts  when  the  measuring  of 

is  the  compression  caused  by  the  fingers  is  based  on  the 
recognition  of  a  shearing  force  or  a  compression  force. 
Only  transducers,  such  as  certain  types  of  piezoelectric 
transducers,  suitable  for  recognizing  the  twist  caused  by 
the  compression  force  of  the  fingers,  can  be  placed  on 

20  the  real  or  the  virtual  articulation  shaft  line. 
The  general  features  of  measuring  instrument  1  ac- 

cording  to  the  invention  are  described  above.  The  meas- 
uring  instrument  according  to  the  invention  especially 
also  comprises  hand-securing  means  12  consisting  of, 

25  e.g.,  first  strap  26  connected  to  portion  17  which  joins 
together  branches  4a  and  4b  of  connecting  part  2,  the 
strap  traveling  around  the  palm  of  the  hand  starting  from 
the  connecting  part,  then  close  to  the  wrist  and  over  the 
back  of  the  hand  back  to  the  connecting  part,  as  can  be 

30  seen  in  Figs.  1  and  2.  The  first  portion  26  also  comprises 
a  tensioning  member  27  which  can  be  of  any  known  type 
enabling  the  tensioning  of  strap  26  and  locking  the  same 
in  a  desired  point  either  completely  steplessly  or  almost 
steplessly.  Different  belt  clips  or  clamps  27  of  this  kind 

35  are  known  and  used  in  different  connections  so  it  is  not 
described  in  more  detail  in  this  description.  In  addition  to 
this,  it  is  preferable  to  provide  the  hand-securing  means 
with  another  branch  28  which  goes  around  thumb  7,  as 
can  be  seen  in  Fig.  1  .  This  second  branch  28  is  not  quite 

40  necessary  but  it  makes  securing  of  measuring  instru- 
ment  1  to  hand  6  more  precise  and  reliable.  Other  types 
of  hand-securing  means  can  also  be  used  as  long  as 
they  are  reliable  enough  to  maintain  the  desired  pre- 
stressing  force.  It  is  obvious  that  measuring  instruments 

45  according  to  different  embodiments  used  in  connection 
with  different  fingers  and/or  the  palm  of  the  hand  require 
the  use  of  at  least  somewhat  different  hand-securing 
means. 

According  to  the  invention  angle  5  between  branch- 
so  es  4a  and  4b  of  the  connecting  part  is  made  large  enough 

so  that  when  connecting  part  2  of  the  measuring  instru- 
ment  is  pulled  by  using  the  above-described  hand-se- 
curing  means  12  and  its  first  strap  26  and  clamp  27  be- 
tween  thumb  7  and  forefinger  8  in  direction  T  shown  in 

55  the  figures,  whereby  connecting  part  2  projects  towards 
the  crotch  of  the  thumb  18  (or  correspondingly,  towards 
area  18  between  the  middle  finger  and  the  palm  of  the 
hand  or  crotch  1  8  between  the  forefinger  and  the  middle 
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finger).  Then  first  branch  4a  is  compressed  against 
thumb  7  and  second  branch  4b  is  compressed  against 
forefinger  8,  twisting  them  away  from  one  another  and 
away  from  the  rest  position.  In  this  way,  by  actually  twist- 
ing  thumb  7  away  from  the  rest  position  with  respect  to 
forefinger  8,  thumb  7  causes  a  prestressing  force  as  a 
reaction  which  is  parallel  to  the  measured  force  F  exerted 
by  the  thumb.  This  prestressing  force  can  be  perceived 
by  simply  following  device  10  providing  the  measuring 
result,  when  setting  the  measuring  instrument  in  place, 
and  by  tensioning  first  strap  26  by  a  clamp  27  until  the 
device  can  be  seen  to  indicate  a  low  prestressing  force 
the  size  of  which  can  be  the  0.2-0.3  N  described  above. 
Upon  perceiving  that  the  prestressing  force  has  been 
achieved,  tensioning  strap  26  is  stopped  and  the  meas- 
uring  instrument  and  especially  its  connecting  part  2  are 
left  in  the  hand  in  this  state,  i.e.,  in  a  state  in  which  this 
predetermined  prestressing  force  is  dominant  between 
the  fingers  while  the  muscle(s)  to  be  observed  are  inac- 
tive.  In  this  way,  the  desired  prestressing  force  and  opti- 
mizing  the  mutual  orientation  of  the  muscle  fibers  of  the 
muscles  of  the  thumb  have  simply  been  achieved.  It  is 
obvious  that  in  this  way  the  measuring  instrument  ac- 
cording  to  the  invention  can  be  used  to  set  any  prestress- 
ing  force  of  a  desired  size.  If  branches  4a  and  4b  of  the 
connecting  part  are  supported  by  other  parts  of  hand  6 
than  the  thumb  and  the  forefinger,  the  angle  between  the 
branches  must  be  chosen  differently  in  the  manner  de- 
scribed  below  and  the  measuring  instrument  must  be 
tensioned,  by  using  the  hand-securing  means,  towards 
the  area  between  these  supporting  points  of  the  hand. 
For  instance,  when  using  the  forefinger  and  the  palm  of 
the  hand  as  the  supporting  points  of  the  branches  of  the 
connecting  part,  as  in  the  embodiment  of  Figs.  5A,  5B, 
clamping  in  place  is  effected  towards  root  1  8  of  the  mid- 
dle  finger.  The  measuring  instrument  and  the  connecting 
part  are  thus  placed  on  the  side  of  the  hand  in  whose 
direction  the  forces  of  the  palm  of  the  hand  and/or  the 
finger(s)  act  on  while  working,  and  the  measuring  instru- 
ment  is  pushed  against  these  forces  of  the  hand  to  pro- 
vide  the  precompression  force.  The  above-described  is 
possible  because  a  transducer  which  measures  the 
force  is  used,  whereby  the  static  forces  caused  by  the 
fingers  and/or  the  palm  of  the  hand  are  also  perceivable. 

In  addition,  this  particular  pretensioning  or  some  oth- 
er  pretensioning,  any  value  different  from  zero  being  suf- 
ficient  as  the  size  thereof,  can  be  used  to  perceive  a  de- 
tachment  of  the  measuring  instrument  from  the  hand. 
When  using  some  prestressing  force,  this  particular  pre- 
stressing  force  obtained  by  strap  26  and  clamp  27  is  set 
as  the  new  zero  point  of  the  actual  measuring  which  is 
used  to  measure  the  response  of  stimulated  muscular 
activity.  If  at  any  stage  of  the  measuring  in  which  the  mus- 
cle  of  the  thumb  is  not  stimulated,  the  measured  value 
is  negative,  this  naturally  indicates  that  the  measuring 
instrument  has  either  loosened  or  been  completely  de- 
tached.  Therefore,  device  1  0  that  provides  the  measured 
value  can  be  provided  with  a  special  alarm  system  which 

gives  an  alarm  when  the  signal  provided  by  measuring 
transducer  3,  13  becomes  lower  than  some  of  the  limit 
compression  forces  appropriately  detected  and  deter- 
mined  in  advance.  This  limit  compression  force  can  be 

5  determined  to  be  the  same  as  the  prestressing  force, 
whereby  an  alarm  follows  immediately  when  the  meas- 
ured  value  drops  to  zero.  Generally,  it  is  perhaps  practi- 
cal  to  define  the  limit  compression  force  to  be  slightly  low- 
er,  whereby  an  alarm  is  provided  when  the  measured  val- 

10  ue  decreases  to  a  corresponding,  slightly  negative  value. 
In  any  case,  the  medical  staff  is  able  to  correct  the  se- 
curing  of  the  measuring  instrument  in  the  hand  of  a  pa- 
tient  on  the  basis  of  this  indication,  and  there  is  no  pos- 
sibility  to  draw  the  wrong  conclusions  as  is  possible  in 

is  all  solutions  of  the  prior  art. 
The  angle  between  thumb  7  and  forefinger  8  in  hand 

6,  when  the  fingers  are  moved  voluntarily  and  normally 
away  from  one  another,  is  typically  in  the  order  of  90°  or 
slightly  smaller.  However,  there  are  essential  differences 

20  in  human  hands  in  this  area.  Angle  5  between  branches 
4a  and  4b  of  the  connecting  part  of  measuring  instrument 
1  should  be  slightly  larger  than  the  angle  between  thumb 
7  and  forefinger  8  in  the  voluntary  movement  thereof 
mentioned  above.  In  this  way,  when  angle  5  between  the 

25  branches  is  slightly  larger  than  the  angle  naturally  taken 
by  the  thumb  and  the  forefinger,  the  thumb  and  the  fore- 
finger  can  be  forced  out  of  the  rest  position  by  using  the 
above-mentioned  tensioning  of  strap  26  and  the  pre- 
stressing  force  is  given  to  measuring  transducer  3  or  1  3. 

30  Typically,  angle  5  between  branches  4a  and  4b  of  the 
connecting  part  is  thus  in  the  order  of  70°-120°  but  in 
special  cases  there  might  be  a  need  to  use  larger  or  even 
smaller  angles  in  connecting  parts  2.  The  possible  limit 
values  of  the  angle  are  also  80°  and  110°  in  proportion 

35  to  either  one  another  or  to  either  one  of  those  mentioned 
above.  If  the  measuring  instrument  according  to  the  in- 
vention  is  an  embodiment  in  which  the  parts  of  the  hand 
that  move  with  respect  to  one  another  are  some  other 
fingers  than  those  described  above,  or  the  palm  of  the 

40  hand  or  any  point  or  area  in  the  palm  of  the  hand,  the 
size  of  angle  5  must  naturally  be  selected  correspond- 
ingly. 

The  first  4a  of  the  branches  of  connecting  part  2  of 
measuring  instrument  1  can  be  supported,  in  addition  to 

45  the  thumb  in  the  manner  described  above,  also  by  any 
other  finger  and  the  second  4b  of  the  branches  of  the 
connecting  part  can,  correspondingly,  be  supported  by 
the  palm  of  the  hand  or  some  other  finger.  The  palm  of 
the  hand  here  refers  to  the  entire  part  of  hand  6  which  is 

so  located  between  the  fingers  and  the  wrist.  For  instance, 
if  first  branch  4a  is  supported  by  middle  finger  7  and  sec- 
ond  branch  4b  by  the  palm  of  the  hand  8,  as  seen  in  Figs. 
5A-5B,  the  value  of  angle  5  will  be  in  the  order  of  180° 
or  slightly  larger,  such  as  200°,  and  possibly  even  up  to 

55  220°  as  well  as  approximately  between  170-210°.  In 
contrast,  if  first  branch  4a  is  supported  by  forefinger  7 
and  second  branch  4b  by  middle  finger  8,  as  seen  in  Fig. 
6,  the  value  of  angle  5  will  be  approximately  in  the  order 

6 
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of  20-70°.  The  possible  limit  values  of  the  angle  are 
about  30°  and,  correspondingly,  the  upper  limit  is  50-60°, 
such  as  55°,  as  combined  either  with  one  another  or  with 
either  one  of  the  former.  Due  to  the  differences  in  hands, 
accurate  values  of  the  angle  are  difficult  to  provide.  De- 
pending  on  the  angle,  motion  plane  20  should  remain 
approximately  constant  with  the  aid  of  the  articulation 
structure  9  because  the  relative  movement  of  the  points 
of  the  hand  independent  of  the  environment  can  then  be 
measured  when  the  measuring  transducer  of  the  force 
is  used  according  to  the  invention.  However,  on  the  basis 
of  the  tests  performed,  it  is  believed  that  the  measure- 
ment  between  the  thumb  and  the  forefinger,  and  possibly 
the  measurement  between  the  middle  finger  and  the 
palm  of  the  hand  is  advantageous  and  in  this  way,  at  least 
one  finger  is  forced  out  of  the  rest  position  in  the  desired 
way.  The  advantageousness  of  different  measured  fin- 
gers  and  the  directions  of  movement  of  the  fingers  are 
influenced,  in  addition  to  which  muscular  movement  one 
wishes  to  study,  also  by  the  possibilities  of  preloading 
the  muscles  in  question  and  when  needed,  the  possibil- 
ities  for  stimulation. 

Particularly,  according  to  the  invention  the  connect- 
ing  parts,  or  rather  the  measuring  instruments  1  can  be 
manufactured,  and  instruments  with  angles  5  of  different 
sizes  between  the  branches  can  be  kept  in  the  storage 
of  the  place  of  use,  such  as  a  hospital,  and  from  them 
one  can  select  the  one  that  best  fits  the  hand  of  a  patient. 
Patient's  hands  can  be  of  different  sizes,  as  is  the  case 
with  child  patients  at  least,  so  there  can  be  connecting 
parts  of  different  sizes  at  hand. 

The  embodiments  of  connecting  part  2  according  to 
Figs.  1  -3  and  5A-6  use  compression  force  transducer  3 
which  is  preferably  comprised  of  a  thick  film  resistance 
transducer  of  polymer,  such  as  a  transducer  called  FSR 
(Force  Sensing  Resistor™)  which  is  a  trademark  regis- 
tered  by  a  company  called  "Interlink  Elektronics".  Anoth- 
er  alternative  uses  a  piezo-resistive  compression  trans- 
ducer,  a  capacitive  compression  transducer  or  the  like. 
Typically,  these  compression  force  transducers  3  are  mi- 
cromechanical  transducers  but,  in  principle,  any  suffi- 
ciently  small  transducer  known  per  se  which  operates  on 
a  suitable  range  of  force  can  be  used.  It  is  preferable  to 
use  such  measuring  transducers  3  which  provide  a  sig- 
nal  proportional  to  force  F  also  in  a  static  state  of  loading, 
which  is  generally  the  case  with  respect  to  these  trans- 
ducers.  In  the  embodiment  of  Fig.  4  in  which  the  flexible 
portion  21  is  between  projections  14b  and  14c,  any 
shearing  force  transducer,  a  piezoelectric  transducer,  in- 
ductive  pick-off  or  the  like  can  be  used.  However,  some 
of  these  transducers  have  the  disadvantage  that  they 
provide  a  signal  only  in  a  dynamic  state.  The  use  of  such 
transducers  is  more  troublesome.  However,  types  of 
measuring  transducers  13  exist  which  are  capable  of 
providing  a  signal  proportional  to  a  force  F  also  under  a 
static  load  F.  Because  these  measuring  transducers  3, 
13  are  known  per  se  and  generally  available  commer- 
cially,  they  are  not  described  here  in  more  detail.  If  the 

measuring  instrument  is  intended  to  be  used  only  to  rec- 
ognize  qualitatively  some  movement  of  the  finger,  almost 
any  type  of  force  measuring  transducer  can  be  used.  In 
contrast,  if  the  intention  is  to  measure  quantitatively  the 

5  force  caused  by  the  movement  of  the  finger,  the  type  of 
transducer  should  be  carefully  chosen  taking  into  ac- 
count  the  design  and  requirements  for  accuracy  of  the 
measuring  instrument. 

The  definitions  'compression  force',  'precompres- 
10  sion  force',  and  'threshold  compression  force'  are  used 

above  in  this  application,  concerning  the  forces  to  be 
measured,  but  it  is  obvious  that  in  another  kind  of  em- 
bodiment  of  the  invention  the  force  measuring  transduc- 
er  can  be  used  to  measure  and/or  observe  tractive  fore- 

's  es,  pretractive  forces,  and  threshold  tractive  forces  or, 
alternatively,  bending  forces,  prebending  forces,  thresh- 
old  bending  forces,  or  torsional  forces,  pretorsional  forc- 
es  and  threshold  torsional  forces.  The  alternative  used 
in  each  measuring  instrument  1  according  to  the  inven- 

20  tion  depends  on  the  structure  of  the  measuring  instru- 
ment  which  can  vary  considerably  within  the  scope  of  the 
invention.  However,  as  there  are  directions  of  movement 
in  the  hand  which  inherently  result  in  a  compression, 
e.g.,  when  clenching  the  fist,  it  is  believed  that  the  meas- 

25  urement  of  the  compression  forces  leads  to  simpler 
measuring  instruments.  Of  course,  nothing  prevents  one 
from  converting  the  directions  of  movement  of  the  hand 
from  connecting  part  2  into  a  tractive  force  which  influ- 
ences  a  suitable  member  of  the  measuring  instrument, 

30  or  into  a  tensile  stress  or  other  forces  and  stresses  de- 
scribed  above.  Force  measurement  transducer(s)  3,  13 
have  to  be  selected  and  placed  correspondingly.  Gener- 
ally,  the  terms  'force',  'preforce'  and  'threshold  force'  are 
used  for  these. 

35  In  order  to  prevent  the  penetration  of  connecting  part 
2  into  the  crotch  18  of  the  thumb  (or,  correspondingly, 
into  area  18  between  the  middle  finger  and  the  palm  of 
the  hand,  or  into  crotch  18  between  the  forefinger  and 
the  middle  finger),  disturbing  the  transfer  of  force  F  from 

40  thumb  7  to  measuring  transducer  3,  13,  the  portion  17 
which  joins  branches  4a  and  4b,  and  especially  the  bot- 
tom  of  the  connecting  portion  pointing  towards  crotch  1  8 
of  the  thumb  have  to  be  at  distance  1  9  from  intersection 
16  of  longitudinal  lines  22a  and  22b,  respectively,  of  the 

45  branches  and  towards  the  direction  of  the  opening  of  an- 
gle  5  between  branches  4a  and  4b.  Thus  a  truncated 
V-shape  is  provided  for  the  connecting  part,  in  which  the 
support,  i.e.,  connecting  portion  17  which  joins  branches 
4a  and  4b,  forms  a  shape  which  truncates  the  form,  as 

so  can  be  clearly  seen  in  the  figures.  It  is  also  possible  to 
shape  the  connecting  part  so  that  the  concave  parts  1  5a 
and  1  5b  are  only  along  the  length  of  the  actual  branches 
4a  and  4b,  whereby  the  connecting  portion  1  7  comprises 
no  bottom  but  only  sides  approximately  in  the  direction 

55  of  the  plane  of  angle  5,  as  shown  in  Fig.  4.  It  is  essential 
in  this  design  of  connecting  part  2  that  the  connecting 
part  is  not  essentially  supported  by  other  points  of  the 
hand  but  the  inner  surfaces  between  the  thumb  and  the 

7 
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forefinger,  and  only  the  hand-securing  means  1  2  is  com- 
pressed  against  the  other  parts  of  the  hand.  This  con- 
necting  portion  17  typically  contains  articulation  9  in  the 
form  of  either  an  articulation  area  or  a  shaft.  If  branches 
4a,  4b  of  the  connecting  part  are  supported  on  other 
parts  of  hand  6  than  the  thumb  and  the  forefinger,  the 
portion  joining  the  branches  has  to  be  shaped  so  that  it 
does  not  press  area  18  between  the  said  supporting 
points  of  the  hand,  as  clearly  shown  in  figures  5B  and  6. 
For  instance,  when  using  the  middle  finger  and  the  palm 
of  the  hand,  it  is  preferable  to  shape  the  portion  1  7  joining 
the  branches  into  a  curved  shape  away  from  hand  6  so 
that  root  18  of  the  middle  finger  does  not  compress  the 
measuring  instrument  but  is  allowed  to  deform  in  a  nat- 
ural  way. 

Because  several  measuring  transducers  3  or  13 
have  the  disadvantage  that  they  are  not  completely  lin- 
ear  from  the  zero  value  of  the  force  exerted  on  them,  but 
only  from  some  transducer-specified  basic  load  or  basic 
force,  such  a  basic  load  can  be  arranged  in  all  the 
above-described  arrangements  in  a  simple  way.  In  the 
embodiments  of  Figs.  1-2,  4,  5A-5B  and  6,  the  connect- 
ing  part  is  shaped  so  that  height  25  of  slot  11  ,  when  the 
connecting  part  is  in  a  free  state  with  the  measuring 
transducer  removed,  is  slightly  smaller  than  the  thick- 
ness  of  transducer  3  in  the  same  direction.  When  this 
measuring  transducer  is  placed  in  place  in  the  slot, 
branches  4a  and  4b  must  be  turned  slightly  away  from 
one  another  for  the  transducer  to  be  placed  between, 
and  when  the  branches  are  released,  the  flexibility  of  ar- 
ticulation  area  9  causes  the  desired  basic  load  to  be  ex- 
erted  on  the  measuring  transducer.  In  the  embodiment 
of  Fig.  3,  this  basic  load  can  be  exerted  on  the  transducer 
by  using,  e.g.,  a  spring  29  arranged  between  branches 
4a  and  4b  which  is  placed  so  that  it  presses  the  height 
of  slot  11  into  a  smaller  size,  therefore,  the  spring  is 
placed  on  the  other  side  of  shaft  24  than  slot  11  .  In  the 
embodiment  of  Fig.  4,  correspondingly,  the  flexibility  of 
articulation  area  9  can  be  used  to  provide  a  basic  load 
between  projections  14b  and  14c  which  is  focused  on 
transducer  3  or  13,  respectively.  Generally,  the  basic 
load  is  smaller  than  the  precompression  force  described 
above.  However,  it  is  further  possible  to  combine  the 
above-described  provision  of  the  precompression  force 
with  the  provision  of  the  basic  load,  whereby  both  can 
be  provided  simultaneously  by  the  tensioning  procedure 
carried  out  by  using  the  hand-securing  means.  It  is  ob- 
vious  that  these  provisions  can  also  be  kept  apart  from 
one  another. 

The  stimulation  of  the  muscle  of  the  thumb  or  some 
other  finger  selected  for  the  measurement  is  effected  by 
using  any  method  known  per  se,  or  which  will  be  known, 
which  takes  into  account  the  voltage  of  electric  pulses, 
the  shape  of  the  pulse,  the  number  of  the  pulses,  etc. 
The  stimulation  is  focused  on  the  nerve  in  question  by, 
e.g.,  using  electrodes  30  in  a  manner  known  per  se, 
which  receive  their  electric  pulses  along  lines  31.  Be- 
cause  the  technique  of  the  stimulation  is  already  known 

and  the  invention  is  not  actually  related  to  it,  it  is  not  de- 
scribed  in  this  application  in  more  detail. 

It  is  obvious  that  in  addition  to  the  above-described 
arrangements  which  use  one  transducer  3,  1  3,  the  scope 

5  of  the  invention  can  comprise  the  use  of  embodiments 
comprising  several  measuring  transducers.  The  trans- 
ducers  can  be  mutually  identical  or  they  can  function  on 
the  same  principle  but  be  of  different  types  (e.g.,  de- 
signed  for  different  size  forces),  or  they  can  function  on 

10  different  principles.  Similarly,  the  measuring  instrument 
can  be  designed  to  measure  with  respect  to  one  another, 
e.g.,  the  movement  of  three  or  more  points  moving  with 
respect  to  one  another,  whereby  typically  several  trans- 
ducers  of  preferably  the  same  type  are  used.  The  corn- 

's  pression  force  between  the  fingers,  or  between  the  palm 
of  the  hand  and  the  finger,  which  is  to  be  measured,  i.e., 
the  mutual  compression  forces  of  the  f  inger(s)  and/or  the 
palm  of  the  hand  acting  towards  one  another  are  meas- 
ured,  according  to  the  invention,  essentially  in  the  motion 

20  plane  20  of  angle  5  in  the  direction  of  any  tangent  of  the 
curve  of  angle  5,  as  described  above,  because  the  com- 
pression  force  generally  acts  in  this  particular  direction. 

25  Claims 

1.  A  measuring  instrument  for  detecting  muscular 
movement  activity  (F)  especially  in  the  area  of  the 
hand,  the  measuring  instrument  (1)  comprising  an 

30  elongated  connecting  part  (2),  by  which  in  use  at 
least  two  points  of  the  hand  (6)  moving  with  respect 
to  one  another  are  supported  so  that  the  movement 
of  these  points  is  transferred  to  the  connecting  part; 
and  at  least  one  measuring  transducer  (3,  13) 

35  secured  to  the  connecting  part  for  providing  in  use 
a  signal  dependent  on  the  movement  between  the 
said  points  of  the  hand,  the  signal  being  transmitted 
to  a  device  (10)  for  providing  observation  results, 
characterized  in  that  the  connecting  part  (2)  com- 

40  prises  at  least  two  branches  (4a,  4b)  with  an  angle 
(5)  formed  between  them,  wherein  said  two 
branches  (4a,  4b)  are  secured  to  one  another  in  an 
articulated  (9)  way  so  that  the  angle  (5)  between  the 
branches  lies  at  all  times  substantially  within  a  plane 

45  (20),  and  wherein  of  said  two  branches  the  first 
branch  (4a)  is  supported  by  one  finger  (7)  and  the 
second  branch  (4b)  is  supported  by  a  part  (8)  of  the 
hand  with  respect  to  which  said  finger  (7)  moves, 
and  wherein  said  connecting  part  (2)  further  corn- 

so  prises  a  force  measuring  transducer  (3  or  1  3)  placed 
to  measure  the  force  (F)  respectively  predominant 
between  the  branches. 

2.  A  measuring  instrument  according  to  claim  1  ,  char- 
ts  acterized  in  that  the  angle  (5)  between  the  branches 

(4a,  4b)  of  the  connecting  part  is  preselected  to  be 
of  a  sufficiently  large  size,  typically  in  the  order  of 
70-120°  or,  alternatively,  in  the  order  of  170-220°  or, 
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alternatively,  in  the  order  of  20-70°,  so  that  the  ten- 
sioning  of  the  measuring  instrument  (1)  by  using  a 
hand-securing  means  (12)  against  an  area  (18)  of 
the  hand  between  the  said  finger  (7)  and  the  second 
hand-supporting  point  (8)  turns  at  least  the  finger  s 
away  from  its  rest  position,  causing  as  a  reaction  a 
preforce  on  the  measuring  transducer  (3;  13). 

3.  A  measuring  instrument  according  to  Claim  1  or 
claim  2,  characterized  in  that  a  slot  (11),  which  is  10 
small  in  width  compared  to  the  distance  between  the 
branches,  is  provided  between  the  branches  (4a, 
4b)  or  between  projections  (14a;  14b,  14c)  from  the 
branches  of  the  connecting  part,  the  slot  allowing  as 
small  a  change  as  possible  to  the  angle  (5)  between  15 
the  branches  by  the  influence  of  the  muscular  activ- 
ity  (F),  and  wherein  the  compression  force  trans- 
ducer  (3)  is  located  in  this  slot  for  measuring  the 
compression  force  between  the  branches  on  the 
side  of  the  branches  in  whose  direction  the  mutual  20 
forces  of  the  branches  point. 

4.  A  measuring  instrument  according  to  claim  3,  char- 
acterized  in  that  the  compression  force  transducer 
(3)  is  a  thick  film  resistance  transducer  of  polymer  25 
material,  a  piezoresistive  compression  transducer, 
a  capacitive  compression  transducer,  or  another 
micromechanical  compression  force  transducer  or 
the  like,  preferablyfor  obtaining  asignal  proportional 
to  the  movement  of  said  points  of  the  hand.  30 

5.  A  measuring  instrument  according  to  claim  1  or 
claim  2,  characterized  in  that  at  least  a  small  flexible 
portion  (21)  is  provided  between  the  branches  (4a, 
4b)  of  the  connecting  part,  allowing  as  small  a  35 
change  as  possible  for  the  angle  (5)  between  the 
branches  by  the  influence  of  the  muscular  activity 
(F),  and  that  in  this  flexible  portion  the  transducer 
(13)  for  measuring  its  deformation  is  located  or, 
alternatively,  this  flexible  portion  itself  forms  the  40 
transducer  (13)  for  measuring  its  own  deformation, 
whereby  the  compression  force  between  the 
branches  is  measured  on  the  side  of  the  branches 
in  whose  direction  the  mutual  forces  of  the  branch 
point.  45 

6.  A  measuring  device  according  to  claim  5,  character- 
ized  in  that  the  transducer  (13)  for  measuring  the 
deformation  is  a  shearing  force  transducer,  a  piezo- 
electric  transducer,  an  inductive  pick-off,  or  the  like,  so 
preferably  to  obtain  a  signal  proportional  to  the 
movement  of  the  said  points  of  the  hand. 

7.  A  measuring  instrument  according  to  any  preceding 
claim,  characterized  in  that  the  branches  (4a,  4b)  of  55 
the  connecting  part  are  shaped  like  troughs,  the  con- 
cave  (15a,  15b)  sides  of  which  point  away  from  the 
angle  (5)  between  them;  that  the  point  of  articulation 
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(9)  connecting  the  branches  is  placed  at  a  distance 
(19)  from  the  intersection  (16)  of  the  longitudinal 
lines  (22a,  22b)  of  the  branches  in  the  direction  of 
the  branches  (4a,  4b),  providing  thereby  a  truncated 
(17)  V-shape  for  the  connecting  part,  whereby  the 
branches  of  the  connecting  part  are  preferably  sup- 
ported  by  the  thumb  and  the  forefinger,  and  the 
crotch  (18)  of  the  thumb  or  a  corresponding  area 
between  the  fingers  does  not  compress  the  connect- 
ing  part,  and  that  the  point  of  articulation  (9)  consists 
of  an  articulation  structure  provided  with  a  pivoted 
shaft,  or  of  the  flexibility  of  the  material  connecting 
the  branches. 

8.  A  measuring  instrument  according  to  any  preceding 
claim,  characterized  in  that  the  articulation  (9)  of  the 
connecting  part  (2)  is  flexible  eitherthrough  the  influ- 
ence  of  the  structural  substance  of  the  area  of  artic- 
ulation  (9),  or  through  the  influence  of  a  spring  (29) 
or  the  like  installed  in  the  connection  with  the  artic- 
ulation,  and  the  measuring  transducer  (3  or  13)  is 
slightly  oversize  compared  to  the  height  of  the  point 
(11  ;  21)  reserved  for  it  in  the  connecting  part,  so  that 
after  the  measuring  transducer  (3,  1  3)  has  been  set 
in  place,  a  basic  force  is  exerted  on  it  which  is  essen- 
tially  lower  that  the  muscular  forces  (F)  to  be 
observed,  and  which  is  set  as  the  new  zero  point  of 
the  measuring  scale  for  making  the  measurement 
linear  from  this  zero  point  onwards. 

9.  A  measuring  instrument  according  to  any  preceding 
claim,  characterized  in  that  the  said  articulation  (9) 
of  the  connecting  part  consists  of  either  the  flexible 
material  of  a  connecting  portion  (17)  comprising  the 
area  of  articulation  or,  alternatively,  of  a  shaft  (24) 
joining  the  first  and  the  second  branches  (4a  and  4b) 
to  one  another  which  is  perpendicular  to  the  plane 
(20)  of  the  angle  between  them. 

10.  A  method  for  detecting  muscular  activity  (F)  espe- 
cially  in  the  area  of  the  hand  by  means  of  a  meas- 
uring  instrument  comprising  an  elongated  connect- 
ing  part  (2)  by  which  at  least  two  points  of  the  hand 
(6)  moving  with  respect  to  one  another  are  sup- 
ported  so  that  the  movement  of  these  points  is  trans- 
ferred  to  the  connecting  part,  a  hand-securing 
means  (1  2),  and  at  least  one  measuring  transducer 
(3;  1  3)  secured  to  the  connecting  part  for  providing 
a  signal  dependent  on  the  movement  between  the 
said  points  of  the  hand,  which  signal  can  be  trans- 
mitted  to  a  device  (10)  for  providing  observation 
results,  at  least  for  detecting  a  detachment,  charac- 
terized  by  the  connecting  part  (2)  comprising  at  least 
two  branches  (4a,  4b)  which  are  connected  to  one 
another  in  an  articulated  (9)  way  so  that  the 
branches  lie  in  a  motion  plane  (20)  which  remains 
approximately  constant,  the  method  comprising 
supporting  the  first  of  these  branches  by  one  finger 
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(7)  and  the  second  by  a  part  (8)  of  the  hand  with 
respect  to  which  the  said  finger  moves,  tensioning 
these  branches  by  using  the  hand-securing  means 
(12)  against  the  area  (18)  of  the  hand  between  the 
hand-supported  points  of  the  connecting  part,  the  s 
branches  thereby  turning  at  least  said  finger  away 
from  the  rest  position  causing  a  reaction  force  (F)  to 
be  exerted  on  the  measuring  transducer  (3  or  13) 
placed  between  the  branches;  detecting  said  force 
(F)  by  the  measuring  transducer  with  this  detection  10 
followed  by  the  device  (10)  providing  the  observa- 
tion  results,  and  stopping  the  further  tensioning  of 
the  hand-securing  means  (12)  but  allowing  existing 
tension  to  remain  upon  achieving  a  predetermined 
preforce.  15 

1  5.  The  use  of  a  measuring  instrument  as  claimed  in  any 
of  claims  1  to  9  to  detect  muscular  activity  (F)  espe- 
cially  in  the  area  of  the  hand  by  detecting  or  meas- 
uring  the  action  response  of  muscular  activity 
caused  by  electric  stimulation,  by  placing  the  con- 
necting  part  (2)  with  the  first  branch  (4a)  supported 
by  one  finger  (7)  and  the  second  branch  (4b)  sup- 
ported  by  another  part  (8)  of  the  hand  with  respect 
to  which  the  said  finger  moves,  and  by  stimulating 
at  least  the  nerve  (7)  of  the  said  finger  (7)  for  provid- 
ing  a  signal  proportional  to  the  force  caused  by  the 
movement  of  the  finger  from  the  force  measuring 
transducer  (3,  13)  which  is  placed  so  as  to  detect 
the  force  (F)  respectively  dominant  between  the 
branches. 

11.  A  method  according  to  claim  10,  characterized  in 
that  when  determining  the  magnitude  of  the  pre- 
force,  the  type  of  the  measuring  transducer  (3  or  1  3) 
used  is  taken  into  account  so  that,  by  using  the  pre- 
force,  the  measuring  is  set  to  occur  in  as  linear  as 
possible,  or  otherwise  appropriate,  an  area  of  the 
transducer. 

16.  The  use  of  a  measuring  instrument  in  accordance 
with  claim  15,  characterized  in  that  said  finger  (7)  is 
the  thumb  and  said  other  part  (8)  of  the  hand  is  the 

20  forefinger. 

12.  A  method  according  to  claim  10  or  claim  11,  charac-  25 
terized  in  that  different  measuring  instruments  (1) 
are  provided,  wherein  said  measurement  instru- 
ments  comprise  an  angle  (5)  at  least  between  the 
branches  (4a,  4b)  of  the  connecting  part  (2),  the 
angle  being  of  a  different  size  for  each  measuring  30 
instrument,  whereby  the  method  further  comprises 
selection  of  a  measuring  instrument  for  placement 
in  the  hand  (6)  of  each  patient,  in  which  the  angle 
(5)  between  the  branches  is  preferably  larger  than 
the  angle  between  the  thumb  (7)  and  the  forefinger  35 
(8)  of  the  patient  without  essential  tension  of  the 
muscles. 

1  3.  A  method  according  to  any  of  claims  1  0  to  1  2,  char- 
acterized  in  that  the  device  (10)  for  providing  the  40 
observation  results  provides  a  result  proportional  to 
the  force  (F)  caused  by  the  muscular  activity,  i.e., 
the  measuring  result,  said  device  providing  an  alarm 
or  other  signal  if  the  force  (F)  detected  by  the  meas- 
uring  transducer  (3  or  1  3)  decreases  below  a  prede-  45 
termined  limit  value  which  is  as  high  or  lower  than 
said  preforce. 

1  4.  A  method  according  to  any  of  claims  1  0  to  1  3,  char- 
acterized  in  that  the  said  forces  observe  the  com-  so 
pression  force  (F)  predominant  between  the  said 
points  of  the  hand  moving  with  respect  to  one 
another,  and  preferably  proportional  to  the  compres- 
sion  force  occurring  between  the  branches  (4a,  4b) 
of  the  connecting  part  and,  correspondingly,  a  55 
precompression  force  and  a  threshold  compression 
force. 
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