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T H E  E F F E C T S  O F  A  G R A D U A T E D  F IT N E S S  P R O 
G R A M M E

K 'lingberg -O lssen  (1967) p ro v id e  th e  fo llo w in g  d a ta :

1. D e c re a s e  in p u lse  a n d  h e a r t  r a te  an d  a  g re a te r  m y o 
c a rd ia l efficiency.

2. In c re a se  in  ex erc ise  to le ra n c e  w ith  re g a rd  to  A n g in a  
P ec to ris .

3. Im p ro v e m e n t an d  low erin g  o f  b lo o d  p re ssu re .
4. D ec reased  b lo o d  lipids.
5. A  la rg e  p sy ch o lo g ica l im p ro v e m e n t.
6. N ew  c o lla te ra l c irc u la tio n  an d  a n  im p ro v e m e n t in 

c a rd iac  flow.

In  view  o f  th e  fa c t th a t  th e  p ro je c t a t  T y g e rb e rg  H o s 
p ita l is fa ir ly  new , no  va lid  s ta tis tic s  a re  as y e t av a ilab le , 
b u t th e  p a tie n ts  them se lv es hav e  a  f a r  m o re  p o sitiv e  o u t
lo o k , a re  fitte r an d  th e  m a jo r ity  h a v e  lo st som e w eight. 
A ll p a tie n ts  ag ree  th a t  th e  exerc ise  sessions hav e  c o n 
tr ib u te d  in  a  la rg e  m eassu re  to  th e ir  r e tu rn  to  a  n o rm a l 
life.

A C K N O W L E D G E M E N T S
D r. F . W . R a b e , M e d ica l S u p e r in te n d e n t, T y g e rb e rg  

H o sp ita l fo r  p e rm iss io n  to  p u b lish  th is  artic le .
M . J. R u n n a lls  fo r  th e  h e lp  a n d  e n c o u ra g e m e n t to  

w rite  th is  artic le .
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IN T R O D U C T IO N

In  th e  p a s t , th e  on ly  m e th o d  used  by  th e  th e ra p is t to  
d e te rm in e  im p ro v e m e n t in  finger p re h e n sio n  o f  the  
d iseased , in ju re d  o r  n eu ro lo g ica lly  im p a ire d  h a n d  w as 
sub jec tiv e  ju d g e m e n t based  on  ex p erience . H o w ev er in  
re c e n t y e a rs  an  in s tru m e n t k n o w n  as th e  P inch  G a u g e 1 
h a s  fo u n d  its  w ay in to  p h y sic a l th e ra p y  p ra c tic e  an d  
n o w  fo r  th e  first tim e  w e have a  m e th o d  o f  o b ta in in g  a 
re lia b le , ob jec tiv e , q u a n tita tiv e  a n d  valid  b ase lin e  m easu re  
o f  f in g er p re h e n s io n  fo rce  in  the  a b o v e  th re e  co n d itio n s . 
B ecause  p re h e n s io n  is so c lo se ly  re la te d  to  se lf-ca re  an d  
in d ep en d en ce  in  th e  q u ad rip leg ic  p a tie n t ,  a n y  im p ro v e 
m e n t in  p reh en sile  s tre n g th , n o  m a tte r  h o w  sm a ll, is 
im p o rta n t .  In  th is co n d itio n  espec ia lly , th e  p in c h  gau g e  
is in v a lu ab le .

I t is th e  p u rp o se  o f  th is a r tic le  to  d escribe  th is  in s t ru 
m e n t so th a t  m o re  th e ra p is ts  m a y  b eco m e a w are  o f  its  
p o te n tia l  use.

C O N S T R U C T IO N

T h e  p in ch  g auge c a n  be  d iv ided  in to  th re e  p a r ts  (F ig . 1). 
T h e  first p a r t  o f th is in s tru m e n t is a  d ial (A ) th a t  m easu res 
fo rce  u p  to  30 p o u n d s  a n d  c a n  be ro ta te d  so  th a t  the 
p re ssu re  sensitive  p o in te r  (B) is d irec tly  o v e r  zero . In 
o rd e r  to  fa c ilita te  read in g  th e re  is a  passive  p o in te r  (C) 
th a t  is m oved  by the  p re ssu re  "sensitive p o in te r  during  
testing . W h en  p ressu re  is re lease d , th e  p re ssu re  sensitive 
p o in te r  re tu rn s  to  ze ro  b u t  the  passive  p o in te r  rem ains 
o v e r the  h ig h es t p re ssu re  ach ieved . B e fo re  the  n e x t test 
is b eg u n , the  passive  p o in te r  m u s t be  m o v ed  b ack  a lo n g 
side th e  p re ssu re  sensitive  p o in te r  b y  ro ta t in g  th e  knob 
in  th e  c e n te r  o f  the  d ial (D ). T h e  second  p a r t  o f  this 
in s tru m e n t is a  h a n d le  by  w h ich  th e  th e ra p is t  h o ld s  the 
in s tru m e n t d u rin g  te s tin g  (E). T h e  m o s t s ta b le  g rip  is 
w ith  the  p a lm a r  a sp ec t o f  th e  en d  o f  th e  th u m b  on  one 
side , a n d  the  la te ra l a sp ec t o f  th e  in d ex  finger betw een  
th e  in te rp h a la n g e a l jo in ts , o n  th e  o th e r  side. T h e  th ird
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oart o f  th is in s tru m e n t is a  h an d le  (F )  b y  w h ich  th e  
patien t h o ld s  th e  in s tru m e n t. O n  b o th  sides o f  th is  h an d le  
js a  g roove th a t  im p ro v e s  g rip  s ta b ility  (G ).

METHOD

T h e  in s tru m e n t is he ld  b y  th e  th e ra p is t a t  o n e  en d , and  
with the  e lb o w  sta b ilized  on  th e  ta b le  th e  su b jec t g rasps 
t'-e o th e r  end  usin g  an y  o f  th e  six  g rips d escribed  below . 
f o r  the  first fo u r  g rip s describ ed  b elow  the  m easu rem en t 
js tak en  w ith  th e  p a tie n ts  fo re a rm  in  th e  p ro n a te d  p o s i
tion, an d  fo r  th e  rem a in in g  tw o  it  is in  the  m id -p o s itio n . 
The n o rm s fo r  p a lm a r  p reh en sio n , th re e  p o in t p reh en sio n  
and la te ra l p in ch  a re  based  on  o n e  tr ia l, 2>3 how ever 
other m e th o d s  ca n  be  u sed  to  o b ta in  a  sc o re , b u t  th e  
norm s c a n n o t be  used . O ne such m e th o d  is to  a d m in is te r  
three tr ia ls  o f  a  2 second d u ra tio n , w ith  a  15 second  
rest b e tw een  each  tr ia l, a n d  ta k e  the  av e rag e  o f the  bes t
2 tria ls.

T he fo llo w in g  six p reh en sile  g rip s c a n  b e  m easu red  
4 i th  th is  in s tru m e n t:

1. T ip  P inch: T h e  fo rce  is ap p lied  b y  th e  tip  o f  the  
ind ex  finger o n  one s id e  o f  th e  h a n d le  an d  the  tip  
o f  th e  th u m b  o n  th e  o th e r  side. W ith  th e  th u m b  in 
th e  sam e p o s itio n , the  rem a in in g  th re e  fingers can  
be  tes te d  in  th e  sam e w ay.

2. T hree  P o in t P rehension :  T h e  fo rce  is ap p lied  b y  th e  
tip  o f  the  th u m b  on  one side o f  th e  h a n d le  a n d  the  
tip s o f  th e  in d ex  a n d  m id d le  fingers to g e th e r  o n  the  
o th e r  s id e .3

3. P a lm a r P inch:  (F ig . 2 ) T h e  fo rce  is ap p lied  b y  the 
p a lm a r  a sp ec t o f  th e  en d  o f  th e  ind ex  finger on  one 
side o f th e  h a n d le  a n d  th e  sam e su rfa c e  o f  th e  th u m b  
on  the  o th e r  side. W ith  the  th u m b  in  the  sam e p o s i
tio n , th e  rem a in in g  th ree  fingers ca n  be  tes ted  in 
th e  sam e way.*1

Biii

Q

Figure 1. T H E PIN C H  G A U G E
A. dial, B. pressure sensitive pointer, C. passive pointer, 
D. knob, E. handle for the therapist, F . handle for the 

patient, G . groove.

4. P a lm a r P reh en sio n :  T h e  fo rce  is ap p lied  b y  the  
p a lm a r  a sp ec t o f  th e  en d  o f  th e  th u m b  o n  o n e  side 
o f  th e  h a n d le  an d  th e  sam e su rface  o f  th e  in d ex  an d  
m id d le  fingers to g e th e r  o n  th e  o th e r  side .3

5. L a te ra l P inch:  (F ig . 3) T h e  fo rce  is ap p lied  b y  th e  
p a lm a r  a sp ec t o f  th e  en d  o f  th e  th u m b  on  o n e  side 
o f  th e  h an d le , a n d  th e  la te ra l b o rd e r  o f  th e  index  
finger, b e tw een  th e  D IP  jo in t  an d  th e  e n d  o f  the 
finger on  th e  o th e r  side. 3- 4

6. F in g e r  S q u eeze :  (F ig . 4) T h e  h a n d le  o f  th e  in s tru 
m e n t is p laced  b e tw een  th e  fingers so  th e  g ro o v es a re  
p a ra lle l w ith  th e ir  lo n g  axes, a n d  th e  fo rce  is ap p lied  
w h en  th e  fingers a re  squeezed  to g e th e r . T h is  is th e  
leas t u se fu l o f  th e  six  d ig ita l g rip s b ecau se  even  w hen  
h a n d  s tre n g th  is u n im p a ire d  the  w rite r  h as  fo u n d  
th a t  a  p re ssu re  o f  5 p o u n d s  is ra re .

P ro g ress  can  be  d e te c te d  in  tw o  w ays. T h e  firs t is by  
co m p a rin g  th e  m e a su re m e n t ta k e n  o n  th e  first day  o f  
tre a tm e n t w ith  th o se  tak en  la te r  o n  an d  the  seco n d  is 
b y  c o m p a rin g  th e  sc o re  o b ta in e d  by th e  affec ted  h an d  
w ith  th a t  o b ta in e d  by  th e  n o n -affec ted  h a n d . In  th e  la tte r  
m e th o d , u sed  on ly  in cases o f  u n ila te ra l d isa b ility , the 
sco re  o b ta in e d  b y  affec ted  h a n d  m ay  b e  re c o rd e d  as a 
p e rc e n ta g e  o f  th e  sco re  o b ta in e d  by  th e  u n affec ted  h an d .

T h e  p in ch  g auge is p a r t  o f  a  h a n d  fu n c tio n  tes t th a t 
h as  b een  d eveloped  spec ia lly  fo r  th e  e v a lu a tio n  o f the  
co n g e n ita lly  a n o m a lo u s  h a n d . T h e  tw o  p in ch es th a t  th is 
tes t m easu res a re  th e  p a lm a r  p in ch  (all fo u r  fingers) an d  
the  la te ra l p in ch . 5- 6

N O RM S
T h e re  a re  tw o  so u rces o f  n o rm s  fo r  p in ch  s tre n g th , 

one  fo r  c h ild re n 2 an d  th e  o th e r  fo r  a d u lts .3 T h e  n o rm s 
fo r  c h ild re n  a re  fo r  th e  p a lm a r  p in ch  o f  all fo u r  fingers 
a n d  th e  la te ra l p inch . T h ey  w ere  o b ta in e d  by te s tin g  a 
n a tio n -w id e  sam p le  o f  1741 n o n -h a n d ic a p p e d  b o y s  and  
g irls w ith  ages ra n g in g  f ro m  5 to  13, an d  a re  a r ra n g e d  
acco rd in g  to  age , sex an d  la te ra lity . T h e  n o rm s  fo r  a d u lts  
w ere o b ta in e d  b y  m easu rin g  th e  p a lm a r  p re h e n s io n , th ree  
p o in t p re h e n s io n  a n d  la te ra l p re h e n s io n  o f  274 n o n 
h a n d ic a p p e d  a d u lts . T h e re  a re  se p a ra te  n o rm s  fo r  each  
sex  an d  h a n d , an d  th ey  a re  d iv ided  in to  13 co n secu tiv e  
age ca teg o rie s , b eg in n in g  w ith  20-24 y e a rs  a n d  en d in g  
w ith  80-84 years.
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R E S E A R C H

T h e  fo llo w in g  th re e  s tu d ies re p o r t  th e  use o f  p inch  
gauge in  re se a rc h  p ro jec ts . K e llo r  e t. a l .3 m easu red  the  
p a lm a r  p re h e n s io n , th re e  p o in t p re h e n sio n , a n d  la te ra l 
p in c h  o f  274 n o n -h a n d ic a p p e d  v o lu n te e rs  o f b o th  sexes 
th a t  ra n g e d  in  ch ro n o lo g ic a l age  f ro m  18 y e a rs  to  o v e r 
80. T h e  a u th o rs  fo u n d  th a t  (1) p in ch  s tre n g th  is a  d ec lin 
ing  fu n c tio n  o f  ag e ; (2) m en  h av e  g re a te r  p in ch  s tre n g th  
th a n  w o m en  a n d  re ta in  th is  su p e rio r ity  th ro u g h o u t a d u lt  
life ; (3) m en  lo o se  p inch  s tre n g th  a t  a  g re a te r  r a te  th a n  
w o m en . W eiss a n d  F la tt4 m easu red  th e  la te ra l p in ch  an d  
th e  p a lm a r  p in c h  o f  a ll fo u r  fingers o f  198 n o n -h a n d i
c a p p e d  ch ild re n  ra n g in g  in  age f ro m  5 to  13 y ears . T h e  
fo u r  sco res fo r  e a c h  su b jec t w ere to ta l le d  to  p ro v id e  a 
sing le m e a su re  o f  p in ch  s tre n g th , an d  a  re la tio n sh ip  b e 
tw een  p in ch  s tre n g th , h an d ed n ess  an d  d ig ita l len g th  w as 
th e n  so u g h t. T h e  re su lts  rev ea led  th a t  (1) th e  rig 'at h a n d  
w as s ig n ifican tly  s tro n g e r  th a n  th e  le f t  h a n d  in  r ig h t 
h a n d e d  boys a n d  in  r ig h t h a n d e d  g irls ; (2) th e re  w ere  n o  
sign ifican t d ifferences b e tw een  th e  d o m in a n t a n d  n o n 
d o m in a n t h a n d s  o f  le f t  h a n d e d  b o y s  a n d  g irls ; (3) signifi
c a n t  c o r re la tio n s  b e tw een  p in c h  s tre n g th  a n d  d ig ita l 
len g th  w ere  fo u n d  fo r  a ll fingers. B u rm e is te r  et. a l.2 
d irec ted  a  n a tio n w id e  s tu d y  th a t  in c lu d e d  1741 ch ild ren  
w ith  ages ra n g in g  f ro m  5 to  13 years . F ro m  each  ch ild  
th e  fo llo w in g  m ea su re m e n ts  w ere  ta k e n ; p a lm a r  p in ch  
o f  a ll 4 d ig its, la te ra l  p in ch , p a lm  le n g th  a n d  w id th , an d  
len g th  o f  th e  5 dig its. T h e ir  c h ie f  findings w ere : (1) T h e re  
w ere  n o  sign ifican t d ifferences in  th e  s tre n g th s  o f  th e  r ig h t 
h an d s  o f  r ig h t-h a n d e d  bo y s a n d  th e  le f t h a n d s  o f  le ft-  
h a n d e d  bo y s, a n d  th e  le f t h a n d s  o f  le f t-h a n d e d  boys. 
(2) T h e  in d ex  a n d  lo n g  finger p a lm a r  p in c h  a n d  la te ra l 
p in ch  o f  th e  r ig h t  h a n d s  o f  r ig h t-h a n d e d  g irls w as signifi
c a n tly  h ig h e r  th a n  s im ila r  m e a su re m e n ts  fo r  the  le ft 
h an d s  o f  le f t h a n d e d  g irls. (3) T h e  r ig h t h a n d  o f  r ig h t 
h a n d e d  ch ild re n  w as s ign ifican tly  s tro n g e r  th a n  th e  le ft 
h a n d  on a ll m ea su re m e n ts  ex cep t th e  li ttle  finger p a lm a r  
p in ch . (4) In  le f t h a n d e d  c h ild ren  th e re  w as n o  sign ifican t 
d ifference  b e tw e e n  th e  r ig h t a n d  le f t  h a n d s  in  a n y  of 
th e  s tre n g th  m easu res . (5) T h e re  w as n o  sign ifican t 
d ifference  b e tw een  th e  n o n -d o m in a n t h an d s  o f  r ig h t an d  
le ft h a n d e d  g irls . (6) L e f t h a n d e d  bo y s have  m o re  s tre n g th  
w ith  th e ir  n o n -d o m in a n t h an d s  th a n  r ig h t  h an d ed  boys 
in  in d ex , lo n g , a n d  rin g  finger p a lm a r  p in ch . (7) B oys 
w ere  s ig n ifican tly  s tro n g e r  th a n  g irls o n  a ll m easu res . 
(8) A s th e  ch ild re n  b ecam e  o ld e r  th e ir  s tre n g th  im p ro v e d , 
a lth o u g h  n o t  a lw ay s f ro m  y e a r  to  y ea r. (9) P in ch  s tre n g th  
c o rre la te d  h ig h ly  w ith  d ig it leng th .
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C o n g ress  P ro c eed in g s  h a v e  n o w  been d is tr ib u te d . I f  
a n y o n e  w h o  o rd e re d  a  c o p y  an d  h a s  n o t rece iv ed  the irs, 
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