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ABSTRACT 

The aim o f  t h i s  s tudy i s  t o  o b t a i n  an understanding o f  the  s u b j e c t i v e  

d i s c o m f o r t  o f  work ing pos tures  and the  degree o f  phys ica l  e f f o r t  these 

postures g i v e  r i s e  t o .  31 s tudents  have r a t e d  t h e i r  perce ived e x e r t i o n  

on Borg's s c a l e  (1982) based on a c o l l e c t i o n  o f  photographs o f  

d i f f e r e n t  work postures o f  v a r y i n g  complex i ty ,  i n c l u d i n g  a 

k i n a e s t h e t i c  d e s c r i p t i o n  ( 2 ) .  Each one o f  t h e  78 pos tures  was h e l d  f o r  

45 seconds, w i t h  r a t e d  perce ived e x e r t i o n  (RPE) g i v e n  a f t e r  15, 30 and 

45 seconds. The whole t e s t  s e r i e s  was repeated tw ice .  The r e s u l t s  show 

t h a t  i t  i s  p o s s i b l e  t o  e v a l u a t e  d i f f e r e n t  body pos tures  by RPE 

a c h i e v i n g  a t o t a l  r e l i a b i l i t y  a -va lue  over  0.96. Desp i te  t h e  f a c t  

t h a t  the  r a t i n g  p a t t e r n  between t h e  d i f f e r e n t  pos tures  was t h e  same 

f o r  a l l  sub jec ts ,  i t  i s  shown t h a t  each person assessed accord ing t o  a 

c e r t a i n  i n d i v i d u a l l y - i n f l u e n c e d  p a t t e r n .  A c e r t a i n  person can f o r  

example, d e v i a t e  c o n s i s t e n t l y  towards h igher  va lues on Borg's sca le,  a 
so-ca l led  " h i g h  r a t e r " .  F i n a l l y ,  the  d i f f e r e n t  pos tures  were grouped 

accord ing  t o  how t h e  r a t i n g s  changed i n  t ime ( r e g r e s s i o n  s lope between 

the  RPE's a f t e r  15, 30 and 45 seconds). The t h i r d - c l u s t e r ,  which 

showed a h i g h  b a s i c  r a t i n g - l e v e l  and t h e  g r e a t e s t  regress ion  slope, 

inc luded o n l y  extreme o u t e r  l i m i t s  o f  movement. T h i s  i n d i c a t e s  t h a t  

t h e  o u t e r  l i m i t  postures have a tendency t o  s t a t i c  l o a d  and need t o  be 

s t u d i e d  by more a d d i t i o n a l  methods when remain ing unchanged even f o r  

s h o r t  per iods .  
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INTRODUCTION 

The a b i l i t y  t o  adapt and f r e e l y  maintain a body posture, e.g. a 

posture w i thout  external  support always invo lves  a c e r t a i n  degree of 

physical  stress.  The degree o f  s t ress  d i f f e r s  o f  course from one 

posture t o  another. It i s  the weight o f  the  d i f f e r e n t  par ts  o f  the 

body, the so-cal led func t iona l  u n i t s  (FU), and the energy requ i red  t o  

make them move t h a t  causes the stress.  This s t ress  invo lves  load on 

j o i n t s  and muscles. As the torque around the j o i n t s  changes, so does 

the percept ion o f  e f f o r t  o r  discomfort.  

When making an ergonomical eva lua t ion  o f  body postures occur r ing  i n  

physical  work, i n  o ther  words work postures, an anatomical / 
phys io log ica l  ana lys is  should a1 so be performed p a r a l l e l  t o  a 

psychological  sub jec t ive  assessment, t o  come as c lose  as possible t o  a 

r e l i a b l e  ndiagnosisn (8). 

The aim o f  t h i s  study i s  t o  ob ta in  an understanding o f  the sub jec t i ve  

d iscomfor t  o f  working postures and the degree o f  physical  e f f o r t  these 

postures g ive  r i s e  to. 

Carlsoo e t  a1 ( 2 )  have described d i f f e r e n t  work postures from a 

k inaes the t ic ,  t h a t  i s  anatomical phys io log ica l  basis.  They describe 

the c h a r a c t e r i s t i c  features o f  the  muscular a c t i v i t y  around the 

j o i n t s .  Each posture i s  i l l u s t r a t e d  by a s p l i t  image p i c tu re .  

I n  order t o  make the desc r ip t i on  s u f f i c i e n t l y  d e t a i l e d  wh i l e  remaining 

a t  the  same t ime easy t o  fo l low,  the body was d i v ided  up on the bas is  

o f  the grea t  j o i n t s  and jo int-systems i n t o  14 " func t i ona l  un i t s " .  The 

14 FUs are: head/neck, back/trunk and 12 ex t remi ty  FUs. Each ex t remi ty  

has been broken down i n t o  th ree  par ts .  Each p a r t  covers one o f  the  

th ree  major j o i n t s  as we l l  as the d i s t a l  par t ,  shoulder/upper arm, 

elbow/forearm and so on. It i s  these p i c tu res  o f  d i f f e r e n t  postures 

f o r  each FU which form the  mater ia l  f o r  sub jec t i ve  eva lua t ion  o f  

exe r t i on  i n  the present study, 

Whatever ergonomic eva lua t ion  technique i s  adopted, the purpose i s  t o  
ob ta in  a q u a n t i t a t i v e  and/or q u a l i t a t i v e  eva lua t ion  o f  even a complex 
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posture.  Quest ionna i res  are  commonly-used f o r  work-postures e.g. i n  
o f f i c e s  o r  motor veh ic les .  Labora tory  c o n s t r u c t i o n  o f  a r e p l i c a  o f  a 
work s i t u a t i o n  and biomechanical a n a l y s i s  i s  another, more o b j e c t i v e  

method ( 3 ) .  

Man’s a b i l i t y  t o  grade and g i v e  verba l  express ion t o  t h e  d i s c o m f o r t  

and s t r e s s  experienced i n  d i f f e r e n t  work postures has a l s o  been 

employed as an i n v e s t i g a t i v e  method (10) .  Van Wely (10)  has shown t h a t  

a h i g h  degree o f  c o r r e l a t i o n  e x i s t s  between s u b j e c t i v e  percept ion  o f  a 

work-posture and the  compla in ts  t o  which i t  g i v e s  r i s e .  Work 

p s y c h o l o g i s t  Gunnar Borg (1) showed t h a t  s u b j e c t i v e  percept ion  can be 

q u a n t i f i e d  u s i n g  a category s c a l e  w i t h  r a t i o  p r o p e r t i e s .  I t  i s  t h i s  

method which has been used i n  t h e  present  study. 

The s c a l e  used i n  t h e  f o l l o w i n g  t e s t s  c o n s i s t s  o f  a l i m i t e d  range o f  

numbers, 0-10. D i f f e r e n t  verba l  express ions are  c o r r e l a t e d  t o  t h e  

numbers. 0 represents  n o t h i n g  a t  a l l ,  0.5 ext remely weak, 1 v e r y  weak, 

2 weak, 3 moderate, 4 somewhat s t rong,  5 s t rong,  7 very  s t rong and 10 

ext remely s t r o n g  . 

The perce ived e x e r t i o n  t o  which a pos ture  g i v e s  r i s e ,  depends o f  

course on whether the  pos ture  i s  momentary, forming p a r t ,  f o r  example, 

o f  a sequence o f  movements, o r  o f  l o n g e r  d u r a t i o n  ( 4 ) .  I n  the  l a t t e r  

case, t h e  i s o m e t r i c  muscular l o a d  p l a y s  such a d e c i s i v e  and spec ia l  

r o l e  i n  t h e  e v a l u a t i o n  o f  t h e  work pos ture  t h a t  a spec ia l  s tudy such 

as Rohmert (9) suggests, would be necessary. 

The study descr ibed be1 ow re1  a t e d  o n l y  t o  momentari ly-adopted pos tures  

o f  s h o r t  d u r a t i o n .  I n  a p i l o t  s tudy t h e  postures were eva lua ted  a f t e r  

6 seconds. Whatever the  r e s u l t s  showed t h a t  the  t h r e s h o l d  o f  

p e r c e p t i o n  occurs l a t e r .  There fore  e v a l u a t i o n  was made a f t e r  15, 30 
and 45 seconds. 
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MATERIAL AND METHODS 

The subjects were 8 male students, aged 23-35 years and 20 female 

students aged 20-38 years from the Physiotherapy Department, 

Un ive rs i t y  Hospi ta l ,  Uppsala. None had any previous record o f  

complaints o f  the  muscul a r -ske le ta l  system. The subjects were asked 

t o  take up and hold the var ious postures described i n  the 

prev ious ly  mentioned c o l l e c t i o n  o f  posture photographs. 

Each posture was adopted from a symmetrical u p r i g h t  stance a t  res t ,  

and compared w i t h  t h i s  stance. Though the lower ex t rem i t i es  as wel l  as 

the back are sub jec t  t o  s t ress  due t o  the f a c t  t h a t  the pos tura l  

muscles are t o  some ex ten t  a c t i v e  i n  the u p r i g h t  stance, the heal thy 

subject  does n o t  perceive t h i s  as s t r e s s f u l  as long as the  du ra t i on  o f  

the posture i s  l i m i t e d  t o  45 seconds. The degree o f  exe r t i on  o f  the 

posture has there fore  been graded 0 i n  the eva lua t ion  scale given 

above. The posture d i f f e r s  from the in te rna t iona l l y -accepted  anatomic 

posture only i n s o f a r  as the arms hang f r e e  by the sides and are not, 

as i n  the  anatomic posture, supined. 

The postures the  subjects were requ i red  t o  adopt are shown i n  f i gs .  

2-9. These are 10 d i f f e r e n t  head postures, 8 shoulder-arm postures, 12 

elbow postures, 9 hand-wrist postures, 10 back-trunk postures, 12 h i p  

postures, 13 knee postures and 5 f o o t  postures. A l l  78 postures, were 

held unchanged f o r  45 seconds. So-cal led normal postures ( f o r  each FU) 

as we l l  as mirror- image postures (crossed-out i n  f i gu res  2, 3 and 6) 
were no t  rated. The sub jec t  evaluated the degree o f  exe r t i on  

associated w i t h  each posture a f t e r  15, 30 and 45 seconds respec t ive ly .  

The RPE was ra ted  according t o  the prev ious ly  mentioned scale ad modum 

Borg ( 1 ) .  Before the t e s t s  began, each sub jec t  was c a r e f u l l y  

i ns t ruc ted  i n  the var ious postures and had an oppor tun i ty  t o  p r a c t i s e  

using the scale i n  d i f f e r e n t  tes ts .  I n  the  f i r s t  t e s t  an eva lua t ion  o f  

the area o f  d i f f e r e n t  geometrical surfaces was made. I n  the second 

t e s t  d i f f e r e n t  shades o f  whi te and grey were evaluated. Taste t e s t s  

were a l so  performed using so lu t i ons  o f  vary ing  a c i d i t y .  F i n a l l y  the  

subjects were asked t o  demonstrate given percentage pa r t s  o f  t h e i r  

maximal s t rength  o f  g r i p  and back extension. 
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To p r e v e n t  p e r c e p t i o n  o f  one pos ture  i n f l u e n c i n g  e v a l u a t i o n  o f  t h e  
next ,  t h e r e  was cons tan t  v a r i a t i o n  between the  f u n c t i o n a l  u n i t s  
employed and o f  more and l e s s  s t r e s s f u l  postures.  The whole s e r i e s  

was repeated tw ice .  

RESULTS 

An a n a l y s i s  o f  var iance* was performed on t h e  e n t i r e  m a t e r i a l ,  78 body 

postures,  3 r a t i n g s  (15, 30 and 45 sec.) and two r e p e t i t i o n s  o f  the  

e n t i r e  t e s t  s e r i e s  f o r  31 sub jec ts .  The a n a l y s i s  showed t h a t  as 

expected, t h e  r a t i n g s  o f  t h e  d i f f e r e n t  pos tures  v a r i e d  s i  g n i  f i c a n t ' l y  

(p<O.OOl). D i f f e r e n t  observa t iona l  t imes ( 1  5 , 30 and 45 sec . I  produced 

s i g n i f i c a n t l y  v a r y i n g  r e s u l t s .  That  i s :  a l l  r a t i n g s  a t  15 sec. had a 

t r e n d  d i s s i m i l a r  t o  the  r a t i n g s  a t  30 and 45 sec. Ana lys is  o f  the  

r e p e t i t i o n  o f  the  e n t i r e  t e s t  gave no s i g n i f i c a n t  d i f f e r e n c e  between 

t h e  two t e s t  ser ies .  

Table 1 g i v e s  t h e  c o r r e l a t i o n  c o e f f i c i e n t s ,  mean values, s tandard 

d e v i a t i o n s  and range ( d i f f e r e n c e  between h i g h e s t  and l o w e s t  va lues 

used on Borg's sca le )  f o r  each s u b j e c t  on t h e  e n t i r e  m a t e r i a l .  

D e s p i t e  t h e  f a c t  t h a t  t h e  r a t i n g  p a t t e r n  between t h e  d i f f e r e n t  

pos tures  was the  same f o r  a l l  subjects ,  c e r t a i n  postures were r a t e d  

h i g h  i n  r e l a t i o n  t o  the  o thers ,  and, conversely, i t  i s  shown t h a t  

every person tended t o  assess accord ing t o  a c e r t a i n  

i n d i v i d u a l l y - i n f l u e n c e d  p a t t e r n .  It i s  p r i m a r i l y  t r u e  t h a t  c e r t a i n  

persons t e n d  e i t h e r  t o  d e v i a t e  c o n s i s t e n t l y  toward lower  o r  h igher  

values, t h e  s o - c a l l e d  " h i g h  r a t e r s "  and "1 ow r a t e r s " .  For  example, 

i n d i v i d u a l  4 had a mean (RPE) va lue  o f  0.52 and i n d i v i d u a l  26 a mean 

(RPE) va lue  o f  5.72 f o r  t h e  45 second r a t i n g s  (Tab le  1). Another t y p e  
o f  personal  d e v i a t i o n  i s  t h e  range covered by t h e  es t imater ,  t h a t  i s ,  

the  d i f f e r e n c e  between t h e  h i g h e s t  and lowest  r a t i n g s  used. Here we 

f i n d  i n d i v i d u a l s  who use t h e  whole o f  the  10-po in t  range and o t h e r s  

*Data program BMDPBV: BMDP Biomedical Computer Programs. P-ser ies,  
1979. U n i v e r s i t y  o f  C a l i f o n i a  Press. 
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who t ry  t o  keep w i t h i n  a l i m i t e d  p a r t  o f  t h e  scale.  For  example, 

i n d i v i d u a l  24’s range was 10 and i n d i v i d u a l  s 3 and 29 had a range 4 

f o r  the  45-second r a t i n g s  (Tab le  1 ) .  

The a b i l i t y  o f  t h e  i n d i v i d u a l s  t o  repeat  t h e i r  r a t i n g s  a t  e x a c t l y  t h e  

same e x p o s i t i o n  was good. A c o l l a t i o n  o f  t h e  c o r r e l a t i o n  c o - e f f i c i e n t s  

a t  t h e  t h r e e  t ime i n t e r v a l s  i s  presented i n  Table 1. T h i s  i s  

complemented by an alfa-model r e l i a b i l i t y  t e s t  (5 ,  6 ) .  28 sub jec ts  

w i t h  an a-value 0.96 o r  more were s e l e c t e d  f o r  f u r t h e r  process ing:  3 
were dropped. The 3 who were dropped, i n d i v i d u a l s  2, 3 and 28, 

a - values 0.94 - 0951, a l s o  had t h e  l o w e s t  c o r r e l a t i o n  c o - e f f i c i e n t s  

(Tab le  1 ) .  These t h r e e  d i f f e r e d  i n  t h e i r  r a t i n g s  o f  some s i t u a t i o n s ,  

thereby demonstrat ing i n a b i l  i t y  t o  perce ive  body postures.  

An a n a l y s i s  was performed o f  28 re1 i a b l e  i n d i v i d u a l s ’  r a t i n g  p a t t e r n s ,  

based on a c l a s s i f i c a t i o n  o f  t h e i r  t o t a l  mean va lues over  a l l  t h e  

r a t i n g s  (78 postures,  30 second r a t i n g s ,  repeated t w i c e ) .  A f t e r  

d i v i d i n g  t h e  i n d i v i d u a l s  ( i n t o  t h r e e  groups o f  equal s i z e )  accord ing  

t o  low mean r a t i n g  combined w i t h  low standard d e v i a t i o n  ( S . D . ) ,  

i n t e r m e d i a t e  mean rating/S.D. and h i g h  mean rating/S.D., an a n a l y s i s  

o f  var iance was performed on 6 persons i n  each o f  t h e  t h r e e  groups. 

The most i m p o r t a n t  r e s u l t  t o  emerge from t h i s  a n a l y s i s  was t h a t  the  

t h r e e  groups showed a n o n - s i g n i f i c a n t  d i f f e r e n c e  i n  the  t r e n d  o f  t h e i r  

r a t i n g - p a t t e r n s .  

The d i f f e r e n t  pos tures  were a l s o  grouped accord ing  t o  t h e  r a t i n g  

change i n  t ime. A c l u s t e r  a n a l y s i s  c a l l e d  MICKA u s i n g  3 groups ( 7 )  

produced the  b e s t  va lues and i s  presented i n  f i g .  1. C l u s t e r  3, which 
showed a h i g h  b a s i c  r a t i n g - l e v e l  and as f i g u r e  1 i n d i c a t e s  a g r e a t  

regress ion  s lope between 15, 30 and 45 seconds, i n c l u d e d  o n l y  extreme 
o u t e r  l i m i t s  o f  movement, a p a r t  from two upper-arm postures a t  

headlevel .  C l u s t e r s  1 and 2 i n c l u d e d  l e s s  s t r e s s f u l  postures.  The 

above time-development tendencies i n d i c a t i n g  t h a t  t h e  o u t e r  l i m i t  

postures i n  f i g u r e s  2-9 have a tendency t o  s t a t i c  l o a d  and need t o  be 
s t u d i e d  by o t h e r  means when remain ing unchanged even f o r  s h o r t  

p e r i o d s  . 



Table 1 .  Correlation coe f f i c i en t s  between the  two t e s t  
s e r i e s  , mean Val ues , standard deviation and range 
( d i  fference between zero and highest values; a1 1 persons 
had 0 a s  lowest r a t ing )  fo r  a l l  78 postures, 2 t e s t  
s e r i e s  and 3 observation times (15 ,  30, 45 sec . ) .  
RPE-rated perceived exertion on Borg’s scale.  S.D. 
Standard deviation. 

SUBJCCI 

- 
1 

2 

3 

4 

5 

6 

7 

6 

9 

1C 

11  

12 

13 

1 4  

15 

16 

17 

18 

19 

2u 

21 

22 

23 

2 4  

2 5  

26  

27  

28  

29  

30 

3 1  

CORRLLAl lON 

C O E r r l C l C N l  

15  3 0  45 

0 . 7 1  0 . 8 9  0 . 9 1  

0 . 6 1  0 . 7 3  0 . 8 1  

0 . 7 3  0 . 7 0  0 . 6 5  

0 . 7 9  0.88 0 . 9 2  

0 . 7 8  0 . 7 6  0 . 8 5  

0 . 8 0  0 . 7 7  0 . 7 9  

0 . 8 1  0 .84  0 . 8 6  

0 . 8 6  0 . 8 2  0 . 7 7  

0 . 8 7  0 . 9 1  0 .90  

0 . 7 0  0 . 8 1  0 . 6 2  

0 . 8 0  0 . 9 1  0 .94  

0 .84  0 . 9 1  0 . 9 1  

0 .64  0 .86  0.90 

0 . 7 6  0 . 8 7  0 . 9 7  

0 . 8 6  0 . 6 9  0 . 9 1  

0 . 8 3  0 . 8 7  0 .94  

0 . 8 5  0 . 8 9  0 .93  

0 . 8 2  0 . 9 0  0 . 9 1  

0 . 8 2  0 . 8 6  0 . 8 3  

0 . 8 3  0.88  0 .89  

0 . 7 1  0.78 0.84 

0 . 8 2  0 .87  0 . 9 1  

0 . 8 9  0 .84  0 . 6 9  

0.83 0 .83  0 . 6 8  

0 . 7 1  0 .77  0 . 8 2  

0 . 7 2  0 .80  0 . 7 6  

0 . 6 3  0 . 9 0  0 .92  

0 . 4 6  0.80 0 . 8 3  

0 . 7 7  0.82 0 . 6 3  

0.88 0 . 8 9  0 .91  

0 .87  0 . 9 2  0 . 9 2  

W L A N  Rf’L 

15  30 4 5  

0 . 5 8  0 . 9 9  1 . 4 3  

1.82 2 . 2 4  2.67 

0 . 5 8  1 .12  1 .66  

0 . 5 0  0 .92  0 .52  

1 . 1 0  1 .63  2 .18  

2 .94  3 . 4 5  3 .95  

2.17 2 .73  3 .11  

1 . 1 1  1 .47  1 . 9 8  

0 . 7 9  1 . 2 3  1 . 7 1  

2 . 3 3  2 . 5 6  2 . 7 9  

1 . 3 1  1 . 6 9  2 . 0 4  

0 . 8 0  1 . 1 7  1 .49  

2 . 3 0  2 . 9 7  3 .42  

2 . 5 6  1 . 5 2  4 . 1 4  

1 .38  1 . 6 9  2 . 0 0  

2 . 1 1  2 . 9 2  3 .78  

1 .41  1 .89  2 . 6 1  

2.67 3 . 4 7  4 . 2 6  

3.87 4 .17  4 . 5 5  

1 . 7 0  2 .25  2 . 8 6  

1 . 6 0  3 .12  4 . 5 9  

2 .59  2 .99  3 . 7 0  

2 .02  2 . 8 3  3.51 

2 .96  3 . 5 7  4 . 0 0  

1 . 6 8  2 . 1 4  2 .70  

4 . 2 3  5 .05  5 . 7 2  

2 . 9 2  3 .55  4 . 0 1  

0 . 4 3  0 . 7 6  1 . 2 0  

0 . 7 5  1 . 1 4  1 . 5 5  

1 .54  1 .70  1 .65  

2 . 5 7  3 .18  3 . 5 4  

5D 

15 30 45 

0 . 5 9  1 .01  1 . 2 8  

0 . 7 4  0 . 9 1  1 .21  

0 . 4 7  0 . 6 2  0.’77 

0 .72  1 .16  1 . 7 2  

0 . 6 9  1 . 0 1  1 .33  

0 .84  1 .08  1 . 2 6  

1 . 1 6  1 .30  1 .47  

1 . 0 9  1 . 1 7  1 . 3 6  

0 . 8 6  1.OH 1 . 2 4  

0 . 9 3  0 . 9 9  1 .12  

1 .22  1 .53  1 .82  

0 .90  1 .18  1 . 4 0  

0 .93  1.17 1 .36  

1 . 0 0  1 . 2 5  1 . 3 7  

0 .76  0 . 8 9  0 .97  

0 . 9 9  1 . 2 9  1 .61  

0 . 9 8  1 .23  1 .56  

0 .9R 1 . 4 7  1 . 8 4  

1 . 0 4  1 . 2 2  1 .22  

1 . 1 2  1.411 1 . 5 9  

n . 9 0  1 . 4 3  1 . 9 2  

1 . 0 3  1.32 1 . 5 2  

1 .26  1.64 1 .90  

1 .28  1 .57  1 . 7 6  

1 . 1 0  1 .20  1 . 5 0  

1 . 6 0  1 . 8 4  2 .04  

1 .12  1 .34  1 .54  

0 .66  11.77 1.OU 

0 .62  0 .62  0 . 9 8  

1 .15  1 .21  1.26 

1 . 4 1  1 .71  1 .91  

R A N G E  

15  30 4 5  

3.5 5 . 0  6 . 0  

3 .5  5 .0  6.0 

2 .5  3 . 5  4.0 

3 . 0  4 . 5  7 .5  

3 . 1  8 . 3  5.3 

4 . 8  6 . 0  6 . 8  

4 . 5  5 . 0  6 . 0  

4 . 0  4 . 0  5 .5  

3.5 5 . 0  5 .5  

8 . 0  4 .5  4 . 6  

4 .5  6.0 7 .0  

3 . 5  4 . 5  5.5 

4 . 3  5 . 0  5 .8  

4 . 0  6 . 0  7 .0  

3 . 0  3 . 6  3.7 

3 .5  5 .0  6:6 

4 .5  6 . 5  7 .6  

5 .0  7 . 1  8 . 3  

7 . 5  8 . 0  8 . 5  

4 . 0  5 .0  5 . 8  

1.0 6 .0  9 . 5  

5 . 0  6 . 0  7 . U  

6 . 0  8 . 0  9 . 5  

6 .5  6 . 5  1 0 . 0  

4 . 0  5 .5  7 . 0  

7 .5  7 .0  8.U 

6 . 0  6 . 8  7 .8  

7 . 0  4 . 0  5 .0  

2.5 3 .5  4 . 0  

5 . 0  5 . 0  4 . 3  

6 . 5  7 .5  9 . 0  
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RATED P E R C E I V E D  

E X E R T I O N  

I 
d5 
c 

If 30 
OBSERVATIONAL T I M E S  ( S E C . )  

POSTURES I N C L U D E D  I N :  

CLUSTER 1 

1.1.12 
1.1.3 
1.1.430 
1.1.6 
3.2.1 
3.1.1 
3.0.1 
8.1.3 
9.1.2 
9.0.1 
9.0.2 
9.1.3 
9.3.1 
9.3.2 
9.3.3 
10.1.3 

CLUSTER 2 

1.2.6 

2.1.43' 
2.1.6 
3.3.2 
3.3.1 
3.3.3 
3.2.2 
3.2.3. 
3.1.2 
3.1.3 
3.0.2 
3.0.3 
4.1.6 
WHOLE HANO SUPPORT 

HALF HAND SUPPORT 

KNUCKLE SUPPORT 

F I N G E R  T I P  SUPPORT 

8.2.6 
8.3.6 

1.1.i30 

8 . 1 . 1 ~ ~  

8.1.430 
8.1.6 
9.1.1 
9.1.4 
9.2.2 
9.2.3 
10.0.1 
10.0.2 
10.1.1 
10.1.2 
10.2.2 
10.3.1 
10.3.2 
10.4.1 
10.4.2 
10.4.3 
11.1.12 
11.1.3 
11.1.6 
11.0.1 

CLUSTER 3 

1.2.12 
1 - 2 . 1 ~ ~  
1.2.3 
1.2.4 
2.2.12 
2.2.1 

30 

30 

2.2.3 
2 .2.430 
2.1.12 
2.1.1 30 

4.1.12 . 
4.1.3 
4.1.9 
F I N G E R  SUPPORT 

8.2.12 

8.2.3 
8 . 2 . 1 ~ ~  

8.2.430 
9.2.1 
10.2.1 
11.1.9 

Clus ter  ana lys is  using 3 groups. The d i f f e r e n t  postures are 
fo l l ow ing  t h e i r  time-development tendencies (RPE a t  3 observa- 

t i o n  points,  15, 30 and 45 sec.). The postures inc luded i n  each c l u s t e r  
are given a f t e r  t h e i r  code. The f i r s t  number i n  each code r e l a t e s  t o  
the funct ional  u n i t ,  the second number t o  the s t ress  l e v e l  and the 
t h i r d  t o  the p o s i t i o n  on a normal c lock.  



L a s t l y ,  t h e  mean va lues f o r  a l l  pos tu res  a f t e r  30 seconds were f i l l e d  

i n  on t h e  8 p o s i t i o n  c h a r t s  ( f i g .  2-9). S ince  t h e  purpose was t o  

assess "momentari ly -adopted"  pos tu res  , t h e  30 second r a t i n g  was 

se lec ted .  The 15 second r a t i n g  i s  regarded as b e i n g  on t h e  t h r e s h o l d  

o f  p e r c e p t i o n  f o r  t h e  " l i g h t "  postures,  t h e  t h r e s h o l d  i s  p robab ly  

passed a t  30 seconds, and a f t e r  45 seconds t h e r e  i s  a r i s k  o f  s t a t i c  

l oad ,  p a r t i c u l a r l y  i n  t h e  case o f  extreme o u t e r  l i m i t  postures.  

DISCUSSION 

The p r e s e n t  m a t e r i a l  shows t h a t  i t  i s  p o s s i b l e  t o  e v a l u a t e  d i f f e r e n t  

body pos tu res  by r a t e d  p e r c e i v e d  e x e r t i o n .  New s u b j e c t i v e - r a t i n g s  

shou ld  be o b t a i n e d  when u s i n g  c r i t e r i a  o f  t h i s  n a t u r e  on o t h e r  

homogeneous work-groups. The r a t i n g  c r i t e r i a  which t h e  a u t h o r s  f e e l  i s  

o f  genera l  a p p l i c a b i l i t y  i s  p resen ted  i n  a Guide f o r  e v a l u a t i o n  o f  

body pos tu res  c a l l e d  Postures and l o a d s  (2). 

The advantages are:  Standard ised,  qua1 i f i e d  r a t i n g s  o f  d i f f e r e n t  

w o r k - s i t u a t i o n s  f rom t h e  ergonomic p o i n t  o f  view, w i t h o u t  r e q u i r i n g  

the  a n a l y s t  t o  possess a q u a l i f i e d  knowledge o f  anatomy, phys io logy  

and biomechanics. 

The d isadvantages a r e  : A p o s s i b l e  degree o f  i naccu racy  i n  t h e  

r a t i n g s .  F o r  example, i t  i s  presumed, i n  a n a l y s i n g  t h e  pos tu re  o f  one 

e x t r e m i t y ,  t h a t  t h e  o t h e r  e x t r e m i t y  i s  a t  r e s t :  i f  t h i s  i s  n o t  so, t h e  

s t r e s s  i s  n o r m a l l y  g rea te r .  It i s  f u r t h e r  assumed t h a t  t h e  body i s  

s tand ing  u p r i g h t .  I n  o t h e r  c i rcumstances,  bending f o r w a r d  f o r  example, 

t h e  s t r e s s  on t h e  head o r  t h e  upper e x t r e m i t i e s  i s  d i f f e r e n t .  I f  t h e  

subject 's  movement p a t t e r n  i s  abnormal, f o r  example as a r e s u l t  o f  
d i m i n i s h e d  m o b i l i t y  i n  some p a r t  o f  t h e  body o r  because t h e  s u b j e c t  

avo ids  c e r t a i n  pos tu res  as a r e s u l t  o f  i n j u r y  o r  pa in ,  e r r o r s  may 

occur .  Obv ious l y  t h e r e  i s  a l s o  a p o s s i b i l i t y  t h a t  a s i t u a t i o n  may be 

assessed i n c o r r e c t l y  because t h e  pos tu res  i n c l u d e d  cannot  fo resee  

eve ry  imag inab le  s i t u a t i o n  and t h e  a n a l y s t  has t o  s e l e c t  t h e  p i c t u r e  

t h a t  most c l o s e l y  resembles t h e  posture.  
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Fig. 2. P o s i t i o n  c h a r t  showing t h e  d i s t r i b u t i o n  o f  mean RPE on t h e  
m e c k .  Each p o s i t i o n  i s  represented by a s p l i t  p i c t u r e  showing t h e  
head f rom t h e  f r o n t  and f rom t h e  s ide.  Each p i c t u r e  has a code number, 
as w e l l  as a l a r g e  number d e s c r i b i n g  t h e  mean RPE. The pos tu res  
crossed o u t  on t h e  l e f t ,  
r i g h t  were n o t  assessed. N e i t h e r  was t h e  normal p o s i t i o n  o f  r e s t .  

which a r e  m i r ro r - images  o f  t h e  ones on t h e  

F ig .  3 .  P o s i t i o n  c h a r t  showing t h e  d i s t r i b u t i o n  o f  mean RPE on t h e  
shou lde r /upper  arm. The p r o j e c t i o n s  i n  each s p l i t  p i c t u r e  a r e  45 
t h e  f r o n t a l  p lane.  The pos tu res  crossed o u t  were n o t  assessed f o r  t h e  
same reasons as i n  f i g u r e  2. 

o f  
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P o s i t i o n  c h a r t  showing t h e  d i s t r i b u t i o n  o f  mean RPE on t h e  
The s t r u c t u r e  i s  t h e  same as i n  f i g u r e  2, except  f o r  

t h e  movement p a t t e r n .  The p i c t u r e s  on t h e  l e f t  show p r o n a t i o n  and on 
t h e  r i g h t ,  sup ina t i on .  I n  each h o r i z o n t a l  s e r i e s  o f  p i c t u r e s  t h e  ang le  
between t h e  upper arm and fo rea rm i s  t h e  same. I n  t h e  t o p  s e r i e s  t h e  
arm i s  f l e x e d  maximally, w h i l e  i n  t h e  bot tom s e r i e s  i t  i s  f u l l y  
extended. 

F i g .  5. P o s i t i o n  c h a r t  showing t h e  d i s t r i b u t i o n  o f  mean RPE on t h e  
=/hand. On t h e  l e f t  t h e  hand i n  a f o r c e  g r i p  i s  r o t a t e d  showing 
d i f f e r e n t  p o s s i b l e  extreme p o s i t i o n .  On the  r i g h t ,  f i v e  suppor t  
postures,  s t a n d i n g  w h i l s t  s u p p o r t i n g  t h e  body a t  w a i s t  l e v e l ,  a r e  shown. 
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Fig .  6. P o s i t i o n  c h a r t  showing the  d i s t r i b u t i o n  o f  mean RPE on t h e  
back / t runk .  The back i s  r o t a t e d  around t h e  normal r e s t  p o s i t i o n  i n  the 
cent re ,  s t a r t i n g  from maximum f l e x i o n  8.2.12, around the  c l o c k  t o  
fo rward  f l e x i o n  demonstrat ing two spec ia l  cases: 8.2.6 b e n t  knees and 
8.3.6 s t r a i g h t  knees, and f u r t h e r  back t o  8.2.12. The pos tures  crossed 
o u t  were n o t  assessed f o r  the  same reasons as i n  f i g .  6. 

7 .  P o s i t i o n  c h a r t  showing t h e  d i s t r i b u t i o n  o f  mean RPE on t h e  9- h i p  t h i g h .  L e f t :  t h e  h i p  i s  r o t a t e d  t o  l e f t  and r i g h t .  Centre l e f t :  a 
few spec ia l  cases. Top r i g h t :  d i f f e r e n t  f l e x i o n s .  Bottom r i g h t :  t h r e e  
spec ia l  cases. 
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8. Pos i t i on  cha r t  showing the d i s t r i b u t i o n  o f  mean RPE on the  
-7T knee eg. L e f t :  the h ip  i s  r o t a t e d  l e f t  and r i g h t  except f o r  10.0.2 . 
demonstrating a person standing on one foo t .  Top r i g h t :  two d i f f e r e n t  
f lex ions .  The remaining f i v e  p i c t u r e s  demonstrate special cases. 

9.  Pos i t i on  cha r t  showing the d i s t r i b u t i o n  o f  mean RPE on the 
%%7foot. 

11.1.12, d o r s i f l e x i o n  11 . I  .3, invers ion  
11 .I .6, p l a n t a r f l e x i o n  11.1.9, eversion 
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