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ARSTRACT 

The Rureau o f  Mines performed a p i l o t  study examining the  e f f e c t s  o f  pos tu re  on 
back s t r e n g t h  and Maximum Acceptable Weight o f  L i f t  (IIAbIL) on s i x  hea l t hy  male sub jec t s  
(M = 32 years  + 4 z). S i x  hack s t r e n g t h  measurements (3 s t a t i c  and 3  dynamic) were 
mzde w h i l e  t h e  sub jec t s  were k n e e l i n g  and standing. I n  a d d i t i o n ,  these sub jec ts  (who 
were crnaccustomed t o  l i f t i n g  i n  these pos tu res )  vo lunteered t o  p a r t i c i p a t e  i n  a  s tudy 
o f  psychophys i ca l l y  determined NAWL i n  bo th  postures.  Resu l t s  o f  the  back s t reng th  
t e s t s  showed a  s i g n i f i c a n t l y  lower  peak to rque  pe r  body weight  ou tpu t  i n  k n e e l i n g  
versus s tand ing  hack s t r e n g t h  measurements f o r  f i v e  out o f  s i x  t e s t  comparisons ( e  < 
.05). S u b j e c t i v e  es t imates  o f  l i f t i n g  capac i t y  i n  t h e  knee l i ng  p o s t u r r  were s i g n i f i -  
c a n t l y  lower  than those f o r  t h e  stooped posture  ( e  < .05). The r e s u l t s  o f  t e s t s  o f  
hack s t r e n g t h  and l i f t i n g  capac i t y  i n  these two postures  p r o v i d e  use fu l  i n f o r m a t i o n  t o  
cons ider  i n  de te rm in ing  the  p h y s i o l o g i c a l  and psychophysical  s t resses imposed by these 
work postures .  

INTRODUCTION 

Miners who work i n  low-seam coa l  mines 
( r o o f  h e i g h t  5 48 i nches )  o f t e n  must handle 
m a t e r i  a1 s  i n  s e v e r e l y  cons t ra ined  postures  
(Peay, 1983). Supp l ies  t h a t  r u s t  be manual ly 
l i f t e d  i n  low coa l  a re  t y p i c a l l y  l i f t e d  w h i l e  
k n e e l  i n g  o r  s t o o p e d  ( G a l  1  aghe r ,  1985 ) .  
D e s p i t e  t h e  abundance o f  manual m a t e r i a l s -  
hand1 i n g  1  i t e r a t u r e ,  r e l a t i v e l y  l i t t l e  i s  
known a b o u t  t h e  p h y s i o l o g i c a l  and psycho- 
p h y s i c a l  responses t o  m a t e r i a l s  hand l i ng  i n  
these p o s i t i o n s .  Rody pos tu re  has been shown 
t o  a f f e c t  m u s c u l a r  s t r e n g t h  c a p a b i l i t i e s  
(Ayoub, e t  a1 ., 1981).  However, a  rev iew o f  
t h e  l i t e r a t u r e  p rov ided  no i n f o r m a t i o n  on t h e  
back s t r e n g t h  c a p a b i l i t i e s  o f  persons w h i l e  
knee l ing .  

Rack s t r e n g t h  measurements have been 
shown t o  he p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  
a b i l i t y  t o  l i f t  (Poulsen. 1981). T y p i c a l l y ,  
back s t r e n g t h  has been measured w h i l e  t h e  
s u b j e c t  i s  s t a n d i n g  (Ayoub, e t  al., 1981; 
Poulsen, 1981; t larras,  e t  a l . , m ) .  Th i s  
p o s t u r e  may i n v o l v e  t h e m e a s u r e m e n t  o f  
muscular f o r ces  o t h e r  t han  those o f  t h e  low 
hack reg ion,  e s p e c i a l l y  t h e  s t r o n g  muscles o f  
the  p o s t e r i o r  l e g  reg ion  ( i  .e. b iceps femoris, 
Semimembranosus, s e m i t e n d i n o s u s ,  g a s t r o c -  
nemius, and so leus) .  Whi le these measurements 
may be an i n d i c a t i o n  o f  t h e  t o t a l  muscular 
force t h a t  workers may u t i l i z e  when l i f t i n g  i n  
a  s tand ing  posture ,  t hey  may no t  accu ra te l y  
r e f l e c t  t h e  muscular s t r e n g t h  a v a i l a b l e  when 
they r u s t  per form l i f t i n g  t asks  w h i l e  knee l -  
ing.  I n  a d d i t i o n ,  i t  i s  p o s s i b l e  t h a t  back 
s t r e n g t h  measurements taken i n  t h e  k n e e l i n g  
P o s i t i o n  may c o r r e l a t e  b e t t e r  w i t h  t he  ab i  1  i t y  
t o  1  i f t  d u r i n g  k n e e l i n g  mater ia ls -hand1 i n g  
a c t i v i t i e s .  One aim o f  t h e  present  s tudy was 
t o  examine t h e  hypothes is  t h a t  back s t r e n g t h  
measurements (bo th  i s o m e t r i c  and i s o k i n e t i c )  

taken i n  a  k n e e l i n g  pos tu re  may be l ess  than 
those obta ined when standing. 

The p o s i t i o n  o r  bear ing  o f  t he  body has 
been shown t o  have an impor tant  e f f e c t  on 
b i o m e c h a n i c a l ,  p h y s i o l o g i c a l ,  and psycho- 
phys i ca l  parameters d u r i n g  t h e  performance o f  
work tasks  (Ast rand and Rodahl, 1974; Adams 
and Hutton, 1981; Westgaard and Aaras, 1984). 
A  s tooped  pos tu re  causes the  we ight  o f  t h e  
t o r s o  t o  be added t o  t h e  s t r e s s  imposed on t h e  
l o w  hack d u r i n g  a  l i f t i n g  t a s k .  Forward 
f l e x i o n  o f  t h e  v e r t e b r a l  column causes an 
increase i n  e l e c t r i c a l  a c t i v i t y  o f  t he  hack 
muscles u n t i l  f l e x i o n  i s  extreme (F loyd  and 
S i l v e r ,  1955 ) .  I n  t h e  e x t r e m e l y  f l e x e d  
p o s t u r e ,  e l e c t r i c a l  d ischarge from t h e  back 
muscles ceases and t h e  l oad  i s  assumed by t h e  
l igamentary  s t r u c t u r e  o f  t he  back (Basmajian 
and DeLuca, 1985). Th i s  may l e a d  t o  increased 
i n c i d e n c e  o f  m u s c l e  s t r a i n  o r  s p r a i n .  
Dev ia t i on  f rom t h e  e r e c t  pos ture  a1 so causes a  
dec rease  i n  t o t a l  l u n g  volume and oxygen 
consumption and r e s u l t s  i n  h ighe r  v e n t i l a t i o n  
r a t e s  (Moreno and Lyons ,  1961). F i n a l l y ,  
changes i n  pos tu re  have been demonstrated t o  
i nc rease  l oad ings  on the  smal l  muscle groups 
o f  t h e  uppe r  l i m b s  and t o r s o ,  as we l l  as 
c a u s i n g  c i r c u l a t o r y  changes such as h ighe r  
h l o o d  p r e s s u r e s  and h e a r t  r a t e s ,  and re -  
d i s t r i b u t i o n  ( p o o l i n g )  o f  t h e  blood supply 
(Ayoub, G., 1981). A l l  o f  these changes 
i n c r e a s e  t h e  p h y s i o l o g i c a l  r esponses  o f  
workers t h a t  have t o  assume these postures ,  
t hus  i n c r e a s i n g  f a t i g u e  and t h e  cor respond ing 
r i s k  o f  i n j u r y  t h e y  may expe r i ence .  The 
second purpose o f  t h e  present i n v e s t i g a t i o n  
was t o  examine t h e  e f f e c t s  o f  pos tu re  on 
psychophys i ca l l y  determined l i f t i n g  capac i ty .  
The r e s u l t s  o f  t h e  present  s tudy and f u t u r e  
Rureau s tud ies  w i l l  be used t o  develop l i f t i n g  
g u i d e l i n e s  f o r  low coa l  mines. 










