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SHE îU H Ü il. WOHK SPACE OP SHE 

UPPER E X S a m S Y  AMPUTEE

CHAPTER I  

laTHOPUCTIOI

S he l0 3 3  o f  an  e x t r e m i ty  r e s u l t s  i n  a  g r e a t  d e f i c i t  

i n  m o to r  a c t i v i t y  f o r  th e  i n d i v i d u a l .  He i s  r e s t r i c t e d  i n  

a m b u la t io n , i n  h i s  s e l e c t i o n  o f  a n  o c c u p a t io n  and  i n  r e c r e ­

a t i o n .  He e x p e r ie n c e s  d i f f i c u l t y  i n  b e in g  a c c e p te d  a  

s o c i e t y  t h a t  c o n s id e r s  him  a s  h a n d ic a p p e d . The p r o s t h e s i s  

i s  in te n d e d  t o  r e p l a c e  t h i s  l o s s .  H ow ever, even w i th  a  

p r o s t h e s i s  t h e  f u l l  ra n g e  o f  m o tio n  o f  t h e  n o rm al e x t r e m i ty  

c an  n o t  h e  m a tc h e d . In  t h e  l e g ,  t h e  f u n c t io n s  o f  w e ig h t 

b e a r in g  an d  lo c o m o tio n  a r e  m ore e a s i l y  r e p la c e d  by a  p r o s ­

t h e s i s  t h a n  a r e  t h e  g r e a t  num bers o f  m o to r  a c t i v i t i e s  t h a t  

a r e  a c c o m p lish e d  by th e  n o rm a l h a n d .

E v id a io e  o f  th e  f i r s t  known am pu tee  was fo u n d  i n  I r a q  

i n  1 9 5 7 . A s k e l e t o n ,  fo u n d  by t h e  S m ith so n ia n  I n s t i t u t e ,  

w as from  a n  i n d i v i d u a l  e s t im a te d  t o  h a v e  l i v e d  4-5,000 yeajra  

ago (W ils o n , 1 9 6 3 ) ,  The u p p e r  e x t r e m i ty  showed a  below  

bow a m p u ta t io n  w h ich  h ad  o c c u r r e d  many y e a r s  p r i o r  t o  d e a th  

(F u rm an , 1 9 6 2 ) .

1
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The e a r l i e s t  r e c o r d  o f  a p r o s t h e s i s  i n  u s e  was de­

s c r ib e d  i n  t h e  h i s t o r y  w r i t t a i  H ero i c t u s  c i r c a  484  B# C* 

(M acD onald , 1905» G a r r is o n ,  1916} W ilso n , 1 9 6 3 ) . A P e r s i a n  

s o l d i e r  named H e g e s i s t r a t u s ,  im p r iso n e d  i n  th e  s t o c k s ,  e s ­

cap ed  by a m p u ta t in g  h i s  own f o o t .  A c c o rd in g  to  t h e  a u th o r ,  

h e  l a t e r  p ro c u re d  a  wooden fo o t*

The o l d e s t  a r t i f i c i a l  l im b  that has been  d is c o v e re d  

was fo u n d  i n  a  tom b i n  C apua, I t a l y ,  i n  1 8 5 8 . I t  was t h o u ^ t  

t o  h a v e  b e e n  made a b o u t 300 B , C* (P o p p , 1 9 3 9 ) , T h is  p ro s ­

t h e s i s ,  a  l e g ,  w as d e s tro y e d  d u r in g  t h e  bom bing o f  t h e  R oyal 

C o lle g e  o f  S u rg e o n s  i n  London i n  W orld  War I I .  The o l d e s t  

a r t i f i c i a l  h a n d , i s  th e  A lt-R u p p in  Hand w h ich  was u n e a r th e d  

i n  1363* I t  d a te s  back  t o  1400 ( G a r r i s o n ,  1916; P u t t i ,  1 9 2 5 î  

W ilso n , 1 9 6 3 ) ,

P r o s th e s e s  i n  th e  R e n a is s a n c e  w ere  made o f  i r o n  and  

u s e d  by k n i g h t s ,  for exam ple , an  i r o n  h an d  was made i n  1504 

f o r  G o e tz  von  B e r l i c h ia g e n  (M acD onald , 19055 G a r r is o n ,  1921} 

G ourdon , 1924} P u t t i ,  1925} P opp , 1 9 3 9 ) .  M n igh ts w ish ed  t o  

c o n c e a l  t h e i r  m u t i l a t i o n s  an d  p o s s i b l e  w e a k n e sse s . T h e i r  

a rm o re rs  th u s  becam e a r t i f i c i a l  l im b  m a k e rs . I n  1529 

A m broise  P a r e  d e s c r ib e d  su c h  an  arm  made o f  i r o n  ( P a r e ,

I 84O ). A m broise  P a r e  was t h e  m ost c e l e b r a t e d  su rg e o n  o f  

t h i s  p e r io d  o f  h i s t o r y .  I n  h i s  c a p a c i ty  a s  a  F re n c h  arm y 

su rg e o n  d u r in g  t h e  I t a l i a n  c am p a ig n s , h e  w as a b le  t o  m o d ify  

t h e  s u r g i c a l  te c lm ig u e s  o f  a m p u ta tio n s  b y  u s in g  l i g a t u r e s  

t o  s t o p . t h e  b le e d in g  o f  b lo o d  v e s s e l s .  He became d i r e c t l y
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r e s p o n a ib ie  f o r  i n c r e a s in g  th e  nnm ber o f  i n d i v i d u a l s  r e c o v e r ­

in g  fro m  a m p u ta t io n s ,  P a r e ,  who was a l s o  i n t e r e s t e d  in .  f a s h ­

io n in g  a  l i g h t e r  w e ig h t p r o s t h e s i s ,  d i r e c t e d  th e  f a b r i c a t i o n  

o f  an  a r t i f i c i a l  arm  from  t i n .

M aking an  a r t i f i c i a l  l im b  w h ich  i s  s u i t a b l e  f o r  c o s ­

m e tic  p u rp o s e s  d o e s  n o t  p r e s e n t ,  many d i f f i c u l t  p ro b le m s . 

H ow ever, d e v e lo p in g  a  p r o s t h e s i s  w h ich  w i l l  ta k e  o v e r  fu n c ­

t i o n s  o f  t h e  n o rm al l im b  p r e s e n t s  an  u n e n d in g  a r r a y  o f  com­

p l i c a t i o n s .  I n  1 6 9 2 , Iiamaweerde. c o n s t r u c te d  an  a r t i f i c i a l  

arm  in , w h ich  th e  f i n g e r s  moved s y n c h ro n o u s ly  w i th  m o tio n s  

a t  th e  elbow  ( G a r r i s o n ,  1 9 1 6 ) . H ow ever, i t  was n o t  u n t i l  

1636 t h a t  C a r o l in e  S ic h i e r  d e v is e d  an  a r t i f i c i a l  arm  t h a t  

p ro v id e d  some f u n c t io n  f o r  a c t i v i t i e s  su c h  a s  se w in g  and  

w r i t i n g  (M acD onald, 1 9 0 5 ) . I n  1 8 4 4 , Van P e e te r s e n  demon­

s t r a t e d  b e fo r e  t h e  Academy o f  S c ie n c e s  i n  P a r i s  a  b i l a t e r a l  

am putee who c o u ld  p e rfo im  c o m p lic a te d  m ovem ents w i th  a  p a i r  

o f  a r t i f i c i a l  a rm s .

I n  t h e  l a t e  n i n e t e e n t h  c e n tu r y  p r o s th e s e s  w ere  con­

s t r u c t e d  t h a t  a llo w e d  m ovm .en ts th ro u g h  t h e  u s e  o f  s t r a p s  

an d  r i n g s  c o n n e c te d  t o  th e  s h o u ld e r .  C ount de B e a u fo r t  

(1 867 ) d e v is e d  an  above  e lbow  p r o s t h e s i s  i n  w h ich  t h e  thumb 

was c o n n e c te d  by  a  s t r i n g  to  th e  h i p .  I n  1 8 7 7 , O s c a r  D a lie h  

m a n u fa c tu re d  a  hand  w i th  an  i n t r i n s i c  m echanism  w h ich  a llo w e d  

f i n g e r  m ovem ents (M acD onald, 1 9 0 5 ) .

I n  1 8 9 6 , V a n g h e t t i  f o rm u la te d  th e  i d e a  o f  c o n n e c t in g  

t h e  m echanism  o f  c o n t r o l  o f  a  p r o s t h e s i s  t o  a  m u sc le  (W ilso n ,



4

1963)*  The f i r s t  s u r g e r y  t o  a c c o m p lish  t h i s  ( c in e p la a ty )  

w as a c t u a l l y  done by  G eci o f  P i s a  i n  1900 ( C e c i ,  1 9 0 6 ) , 

S a u e rh ru c h , i n  1917 a c c o rd in g  t o  W ilso n  (1 9 6 3 ) ,  was f i r s t  t o  

make a  s k in  t u n n e l  th ro u g h  a  m u sc le  f o r  p r o s t h e t i c  p u rp o s e s  

b u t  t h i s  p ro c e d u re  was n o t  in t r o d u c e d  i n t o  t h e  U n ite d  S t a t e s  

u n t i l  1939 by  D r. H enry K e s s le r  (F u rm an , 1 9 6 2 ) , T hese  te c h ­

n iq u e s  w ere  g r e a t l y  r e f i n e d  by  Dr* C h a r le s  B e c h to l  (Fm snan, 

1962) *

W ars h a te  a lw ay s c a u se d  g r e a t  l o s s  o f  lim bs*  The 

f i r s t  u s e  o f  a r t i l l e r y  a t  C recy  in  1346 r e s u l t e d  i n  in c r e a s e d  

num bers o f  a m p u te e s . The War o f  1312 w i th  G re a t  B r i t a i n  

s t im u la te d  r e s e a r c h  on lo w e r  e x tr e m i ty  p r o s t h e s e s .  Jam es 

P o t t s  o f  Iiondon in t r o d u c e d  th e  u s e  o f  wood i n  t h e  m a n u fa c tu re  

o f  p r o s th e s e s  f o r  E n ^ i s h  am p u tees o f  t h i s  c o n f l i c t .  The 

C i v i l  War (1 8 6 1 -1 8 6 5 ) i n  th e  U n ite d  S t a t e s ,  w h ich  r e s u l t e d  

i n  in c r e a s e d  num bers o f  a m p u te e s , saw t h e  fo rm a tio n  o f  sev ­

e r a l  o f  t h e  f i r s t  a r t i f i c i a l  l im b  com panies*  A f t e r  W orld 

War I  (1 9 1 7 -1 9 1 9 ) r e s e a r c h  i n to  p r o s t h e t i c s  was s t im u la te d  

w i th  t h e  e s ta b l is h m e n t  o f  t h e  S u rg eo n  G e n e ra l ’ s  C o n fe re n c e  

on A r t i f i c i a l  l im b s  i n  1 9 1 7 , D u rin g  W orld  War I I  t h e  f i r s t  

p r o s t h e t i c  r e s e a r c h  c e n t e r  was e s t a b l i s h e d  by  th e  Uavy i n  

1943* I n  1945 t h e  Airay P r o s t h e t i c  R e se a rc h  l a b o r a to r y  was 

fo rm ed . I n  1 9 4 8 , f u r t h e r  im p e tu s  to  r e s e a r c h  was g iv e n  by  

t h e  p a s s a g e  o f  P u b l ic  law  729 w hich  a u th o r iz e d  th e  ex p en d i­

t u r e  o f  one m i l l i o n  d o l l a r s  p e r  y e a r  f o r  a r t i f i c i a l  a id s *

I n  1 9 5 4 , C o n g re ss  p a s s e d  P u b l i c  la w  5 6 5 , t h e  V o c a tio n a l  R e-
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i i a l J i l i t a t i o n  Aiamenctoents Acfc. 2 M s  pexsaitrted  t h e  D ep artm en t 

o f  H e a l th ,  E d u c a tio n  and  W e lfa re  t o  p a y  f o r  c o a t s  o f  r e s e a r c h  

i n to  p r o s t h e t i c s  an d  t r a i n i n g  o f  t h e  p h y s i c a l ly  h an d icap p ed *  

im p u ta t io n s  h ave  a l s o  become m ore f r e q u e n t  w i th  p ro g ­

r e s s  o f  m odem  h ig h  sp e e d  t r a n s p o r t a t i o n  and t h e  i n t r o d u c t i o n  

o f  m ore c o m p l ic a te d  h ig h  sp e ed  m a c h in e ry  i n to  i n d u s t r y  and 

a g r i c u l t u r e *  A dvancem ents i n  o p e r a t iv e  te c h n iq u e s  p l u s  th e  

i n t r o d u c t i o n  o f  a s e p t i c  s u r g e ry  and  a n e s t h e s i a  h av e  r e s u l t e d  

i n  h ig h e r  r a t e s  o f  s u r v iv a l*

I n t e r e s t  i n  th e  s u r g i c a l  t e c h n iq u e s  o f  a m p u ta t io n , 

s t a r t e d  by  P a r e  i n  th e  s i x t e e n t h  c e n tu r y ,  h a s  n o t  waned (D u- 

p e r t i u s  an d  H e n d e rso n , 194-6; Jo n e s  and  B yan, I 9 4 &; W h ite , 

194,6 ; D oon, 19® ); H a l l  and  B e c h to l ,  1 9 6 8 ) ,  The s e a r c h  f o r  

some e x t e r n a l  pow er to  o p e r a te  th e  p r o s t h e s i s  h a s  a l s o  p m -  

duced  much e x p e r im e n ta t io n  ( L iv in g s to n e ,  1965 ; M cK enzie,

1 9 6 5 , I c L a u r i a ,  1 9 6 5 ; W ilso n , 1 9 6 5 ) . The c o n c e p t o f  myo­

e l e c t r i c  c o n t r o l  o f  t h e  p r o s t h e s i s  was p a r t i c u l a r l y  f r u i t f u l  

i n  c r e a t i n g  many new id e a s  and  a d a p ta t i o n s  ( E u i t e r t  and  VUl- 

t e s ,  1 9 5 4 ; B a t tv e  e t  a l . .  1959 ; E o b r in s h i ,  I 9 6 0 ;  B o tto m le y , 

1964 ; B opov, 1 9 6 5 ) .

M o d i f i c a t io n s  o f  th e  p r o s t h e s i s  i t s e l f  h av e  b e en  de­

v e lo p e d  th ro u g h  r e s e a r c h  on  te r m in a l  d e v ic e s  (E ishm an  and  

B e rg e r ,  1 9 5 5 ; E isbm an £md K ay, 1 9 6 4 ) , c o sm e tic  g lo v e s  (Dembo 

and  T a n e -B a s k in , 1 955 ; C a m e l l i  e t  a l . , 1 9 5 5 ) , h a rn e s s e s  

( B u r s le y ,  1 9 5 5 ; M cL aurin  and  Sammons, 1 9 6 3 ) ,  and  c a b le s  

(N o r th ro p  A v ia t i o n ,  1 9 5 0 ) . Work h a s  a l s o  b een  done  to  f i n d
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a i d s  t o  h e lp  t h e  am putee p e rfo rm  c e r t a i n  t a s k s  (S m ith  an d  

l* is k , 1 9 6 3 ; F rie d m a n n , 1965? F i e l d ,  1963) •

R e s e a rc h  h a s  d e a l t  w i th  many p ro b le m s  o f  t h e  am p u tee . 

Much s t a t i s t i c a l  in fo rm a t io n  h a s  b een  c o l l e c t e d  a s  t o  t h e  

nu m b er, t y p e s ,  a g e s ,  and  s e x  o f  am p u tees  ( B e r g e r ,  1 9 5 8 ; Lam­

b e r t  and  S c i o r a ,  1959 ; f i l a t t l y ,  1963)*  O th e r  r e s e a r c h  h a s  

b e en  c o n c e rn e d  w i th  t h e i r  v o c a t io n a l  e f f o r t s  ( D i e t z ,  1 9 3 2 ; 

S h ep h e rd  an d  C a in e , 1968) and  t h e i r  p s y c h o lo g ic a l  a d ju s tm e n ts  

( R a n d a l l  e t  , 1945 ; Hughes an d  W h ite , 1 9 4 6 ; W h ittk o w e r, 

1 9 4 7 ; V u l t e s ,  1955? Dembo, 1956 ; S i l l e r  and  S i lv e rm a n , 1 9 5 6 ) .

Some s t u d i e s  h ave  b e en  c o m p le te d  c o n c e rn in g  t h e  a c t u a l  

f u n c t i o n in g  o f  t h e  p r o s t h e s i s .  F o r  exam p le , i n  a  s tu d y  b y  

P e i z e r  (1 9 5 3 ) am p u tees  w ere  e v a lu a te d  on  t h e i r  a b i l i t i e s  t o  

p e rfo rm  n o rm a l e v e ry d a y  a c t i v i t i e s  w i th  t h e i r  p r o s th e s e s *

I n  a  s tu d y  b y  L am b ert and  S c io r a  (1 9 5 9 ) am p u tees  w ere  r a t e d  

a s  t o  w h e th e r  th e y  had  good , f a i r ,  o r  p o o r  u s e  o f  t h e i r  p ro s ­

th e s e s *

I n v e s t i g a t i o n s  i n to  w ork sp a c e  h av e  e v o lv e d  from  en­

g in e e r in g  p ro b le m s  c r e a t e d  by t e c h n o lo g i c a l  a d v a n c e s  b r o u ^ t  

a b o u t by  t h e  m ach in e  a g e . Tim e an d  m o tio n  s t u d i e s  w ere  

s t a r t e d  b y  G - i lb re th  a t  t h e  end o f  t h e  n i n e t e e n t h  c e n tu r y  

( O i l b r e t h ,  1 9 1 1 ) .  As a  r e s u l t  o f  t h i s  r e s e a r c h ,  e n g in e e r s  

b e g an  t o  r e c o g n iz e  t h e  human f a c t o r s  i n  e n g in e e r in g *

A n th ro p o lo g ic a l  i n q u i r i e s  tu r n e d  from  d e te rm in in g  

s im p le  body  m easu rem en ts  ( S i l l i l a n d ,  1921 ; G l a n v i l l e  and  

K r e e z e r ,  1937) t o  c h a n g in g  t h e  d e s ig n  o f  t h e  m ach in e  t o  a o -
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commodate b o th  i t s  p u rp o se  and  t h e  man who w ould  o p e ra te  i t  

(H ugh '^Jones, 1 9 4 6 ; R a n d a ll  e t  a l . .  1946 ; D a rc u s  and  W ed d e ll, 

1947; M o ra n t, 1 9 4 7 ; M cF arlan d , 1 9 5 1 ; K in g , 1 9 5 2 ; D em p ste r, 

1955 ; D em pster ©t , 1959) #

The f i e l d  o f  a t h l e t i c  r e s e a r c h  h a s  c o n t r ib u te d  th e  

te c h n iq u e s  o f  p h o to g ra p h y  to  th e  a n a l y s i s  o f  m o tio n . Muy­

b r id g e  (1887 ) who i n v e s t i g a t e d  a l l  t y p e s  o f  n o rm al m o tio n s  

and M arey (1 8 9 5 ) who s tu d i e d  a t h l e t i c  m o tio n  w ere  two p io ­

n e e r s  o f  t h e s e  t e c h n iq u e s .  Demeny (1 9 0 2 ) u s e d  l i g h t s  t o  

a n a ly s e  th e  a b n o r m a l i t i e s  fo u n d  i n  w a lk in g #  By t a k in g  p h o to ­

g ra p h s  i n  q u ic k  s u c c e s s io n ,  h e  was a b le  t o  o b t a in  a  p a th  o f  

th e  t r a j e c t o r i e s  o f  lo c o m o tio n .

P h o to g ra p h ic  m ethods w ere  u t i l i z e d  by  G i l b r e t h  (1911) 

i n  an  a n a l y s i s  o f  t h e  fu n d am e n ta l e le m e n ts  o f  a  s e r i e s  o f  

m o tio n s  w h ich  a r e  u s e d  i n  p e rfo rm in g  a  s p e c i f i c  ta s k #  He 

u se d  a  m o tio n  p i c t u r e  cam era  w h ich  r e c o r d e d  th e  p a th s  o f  

l i g h t s '  a t t a c h e d  t o  t h e  m oving s u b j e c t .  D em p ste r an d  h i s  c o -  

w o rk e rs  (1 9 5 5 ; 1959) and  R o s ie r  (1 3 7 0 ) a d a p te d  th e  m ethods 

o f  Demeny and  G i l b r e t h  t o  a n a ly z e  m anual w ork  space*  They 

a t t a c h e d  l i g h t s  t o  t h e  a m s  o f  s u b j e c t s  and  to o k  t im e  expo­

s u r e s  o f  th e  l i g h t  p a th  a s  t h e  s u b je c t  moved h i s  a m .

A n th r o p o lo g is ts  h a v e  d e v e lo p ed  t h e  c o n c e p t o f  m anual 

w ork sp a c e  a s  b e in g  th e  m axim al volum e t h a t  c a n  b e  u t i l i z e d  

f o r  t h e  o p e r a t io n  o f  c o n tr o ls #  K in g  e t  a l#  (1947) m easu red  

th e  ex trem e  a n t e r i o r  a m  r e a c h  # t  d i f f e r e n t  a n g le s  an d  le v ­

e l s .  B a rn e s  (1 9 5 1 ) d e f in e d  th e  m anual w ork  sp a c e  a s  b e in g
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d e te rm in e d  "by an  a r c  made w i th  th e  arm  p iv o te d  a t  th e  s h o n l -  

d e r  and  w i th  t h e  hand sw eep ing  a c n o s s  a  t a b l e ,  b u t  h e  d id  

n o t  r e c o g n iz e  t h e  t h r e e - d i m ^ s i o n a l  a s p e c t s  o f  th e  w ork 

s p a c e .  D em p ster ^  (19 5 9 ) found  t h e  th r e e -d im e n s io n a l

m anual w ork sp a c e  w hich  h e  te rm ed  t h e  k in e to s p h e re #  H o z ie r  

(19 7 0 ) h a s  d e s c r ib e d  th e  th r e e - d im e n s io n a l  m anual w ork sp a c e  

w i th  t h e  s c a p u la  r e s t r i c t e d #

R e l a t i v e l y  l i t t l e  r e s e a r c h  h a s  b een  c a r r i e d  on con­

c e r n in g  t h e  m anual work sp a ce  o f  th e  u p p e r  e x tr e m ity  am putee# 

K e l l e r  e t  a l .  (1947) em ployed a  th r e e - d im e n s io n a l  a n a l y s i s  

o f  s p e c i f i c  m o tio n s  p e rfo rm ed  w ith  t h e  p r o s t h e s i s  and  Kay 

and  P e i s e r  (19 5 8 ) u t i l i z e d  a  p o s i t i o n i n g  t e s t  to  d e te rm in e  

th e  m ovem ents i n  w hich  th e  p r o s t h e s i s  c o u ld  be u se d  t o  g r e a t ­

e s t  a d v an tag e #  A th r e e - d im e n s io n a l  a n a l y s i s  o f  th e  e n t i r e  

work s p a c e  h a s  n o t  been  com pleted#  T h e r e f o r e ,  i t  h a s  n o t  

b e en  p o s s i b l e  t o  d e s ig n  f u n c t i o n a l  w o rk in g  a r e a s  f o r  t h e  am­

p u te e  w i th o u t  th e s e  d a ta*

The sh a p e  o f  th e  m anual w ork sp a c e  o f  th e  am putee w ith  

a  p r o s t h e s i s  h a s  n o t  been  d e fin e d *  I t  i s  n o t  known how th e  

w ork s p a c e  o f  t h e  norm al e x tr e m ity  d i f f e r s  from  t h a t  o f  th e ,  

e x t r e m i ty  w i th  th e  p r o s t h e s i s  o r  how t h e  w ork sp ace  d i f f e r s  

b e tw een  above  and  below  elbow  a m p u te e s . I t  i s  th e  i n t e n t  o f  

t h i s  s tu f l^  t o  l a y  a  b a s i s  f o r  th e  d e f i n i t i o n  o f  t h e  l i m i t s  , 

of, t h e  th r e e - d im e n s io n a l  work sp a c e  o f  t h e  u p p e r  e x tr e m ity  

am putee# The b a s ic  d i f f e r e n c e s  be tw een  th e  work sp a c e  o f  

t h e  ab o v e  e lbow  and  th e  below  elbow  p r o s t h e t i c  lim b  c a n  th e n



9

t e  r is T ia liz e d *  The d i a a b i i i t y  c a n  a l s o  be a s s e s s e d  i n  te rm s  

o f  r e d u c t io n  i n  w ork sp a c e  when com pared t o  t h e  n o rm a l ex­

tr e m ity *  S h i f t s  i n  o c c u p a tio n  may n o t  be  n e c e s s a r y  f o r  many 

am pu tees i f  m ore i s  known a b o u t t h e i r  s p a c e  l i m i t a t i o n s  f o r  

m o to r  a c t i v i t y *
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M a t e r i a l s

S w en ty  w h ite  m ale  u p p e r  e x t r e m i ty  am pu tees w ere se ­

l e c t e d  from  t h e  g e n e r a l  p o p u la t io n *  E le v e n  o f  th e  s u b j e c t s  

w e re  be low  elbow  am putees and  n in e  o f  th e  s u b j e c t s  w ere  above  

e lbow  a m p u te e s . E hese  s u b j e c t s  w ere  v o lu n te e r s .  They e i t h e r  

re s p o n d e d  t o  l e t t e r s  a s k in g  f o r  v o lu n te e r s  o r  th e y  w ere  a sk e d  

to  v o l u n te e r  when th e y  w ere  p r e s e n t  a t  v a r io u s  Oklahom a am­

p u te e  c l i n i c s .

The equ ipm ent t h a t  was u s e d  i n  t h i s  s tu d y  i s  shown i n  

F ig u r e  1 .  I t  w i l l  be  h e lp f u l  t o  r e f e r  t o  t h i s  f i g u r e  whmi 

r e a d in g  a b o u t  equ ipm ent m e n tio n e d  i n  t h e  fo l lo w in g  p a r a ­

g r a p h s .  F ig u r a  l a  shows th e  e x p e r im e n ta l  e im i r  and  f o o t r e s t .  

F ig u r e  l b  show s th e  m i r r o r  and  f r o n t a l  g r i d  i n  r e l a t i o n  t o  

t h e  c h a i r  a n d  f o o t r e s t .  F ig u r e  I c  show s a  s u b je c t  p e rfo rm ­

in g  a  m o tio n . F ig u re  I d  shows t h e  h an d  g r i d .  The a r r a n g e ­

m ent o f  t h i s  equ ipm ent i s  shown i n  F ig u r e  2*

A wooden c h a i r  was d e v is e d  f o r  s e a t i n g  th e  s u b j e c t s  

whmi t h e  w ork  sp a c e  m easu rem en ts  w e re  t a k e n .  I t s  s e a t  d i­

m en s io n s  w ere  s e l e c t e d  a c c o rd in g  t o  recom m endations o f  B a m e s

10
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F ig u r e  1 .  E x p e r im e n ta l  equ ipm en t an d  e x p e r im e n t i n  
p ro g re s s *  A. A s id e  v iew  o f  t h e  work c h a i r  and  f o o t r e s t *  
N ote  th e  p o s i t i o n  o f  th e  a d ju s t a b l e  h e a d r e s t*  B . A f r o n t  
v iew  o f  th e  e q u ip m e n t. A m i r r o r  i s  p o s i t i o n e d  a t  a  f o r t y -  
f i v e  d e g re e  a n g le  w i th  th e  c h a i r .  The f o o t r e s t  i s  p la c e d  
d i r e c t l y  i n  f r o n t  o f  t h e  c h a ir*  A s ta n d  su sp e n d s  t h e  f ro n ­
t a l  g r i d  and a  t a p e  m easu re  i s  a t t a c h e d  t o  t h e  f l o o r  a t  t h e  
s id e  o f  t h e  c h a i r .  The num ber on th e  f o o t r e s t  i d e n t i f i e s  
t h e  e x p e r im e n ta l  s u b je c t*  0* F r o n t  v iew  o f  th e  s u b je c t  
c o m p le tin g  an  i n t e r v a l .  The m ir r o r  p r o v id e s  t h e  s i d e  v iew  
o f  th e  s u b j e c t .  D. G lo se -u p  view  o f  t h e  h an d  g r i d .  The 
w r i s t  i s  i n  th e  n e u t r a l  p o s i t i o n .  N o te  th e  p o s i t i o n  o f  th e  
l i g h t  o p p o s i te  t h e  i n t e r p h a l a n g e a l  j o i n t  o f  t h e  m id d le  f i n ­
g e r  o f  t h e  l e f t  h a n d .
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F ig u re  2* D iagram m atic  -view o f  e x p e r im e n ta l  e q u ip ­
m ent i n  p la c e *  a» Work c h a i r ,  b .  m i r r o r ,  c ,  f r o n t a l  
g r i d .  d .  f o o t r e s t .  e .  e l e c t r i c a l  eq u ip m en t f o r  l i g h t  
sy s te m , e .  cam era , g . ■ s t r o b e  l i g h t .
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(1 9 5 1 )*  î h e  s e a t  m easu red  f i f t e e n  in o n e s  i n  w id th  by  sev en ­

t e e n  in c h e s  i n  le n g th *  T h is  sh a llo w  s e a t  p e rm i ts  t h e  body 

t o  b end  a t  t h e  h ip  an d  n o t  a t  t h e  w a is t*  I t  a l s o  d o e s  n o t  

im pede t h e  c i r c u l a t i o n  o f  t h e  b lo o d  n e a r  t h e  knees*  The 

b ack  o f  t h e  c h a i r  m easu red  tw e n ty - s ix  in c h e s  i n  h e ig h t  by 

e le v e n  in c h e s  i n  w id th *  I t  was n a rro w  so  t h a t  t h e  s c a p u la  

and elbow  w ere  n o t  im peded i n  movement* I t  i n c l i n e d  p o s te ­

r i o r l y  t o  s e v e n te e n  d e g re e s  a s  i n  t h e  s t u d i e s  o f  D em pster 

e t  a l .  (1 959 ) an d  H o s ie r  (1 9 7 0 ) .  The h e a d r e s t  o f  t h e  c h a i r  

h e ld  t h e  h e ad  f i r m l y  and r e s t r i c t e d  movement o f  th e  s u b je c t#  

I t  was a d j u s t a b l e  i n  fo rw a rd , b ack w ard , u p ,  and  down d i r e c ­

t i o n s  t o  accom m odate i n d iv i d u a l  d i f f e r e n c e s  i n  h e ig h t  and  

g i r t h .

The f o o t r e s t  was made o f  wood. I t  was p la c e d  i n  f r o n t  

o f  t h e  c h a i r  and  w as a d j u s t a b l e  i n  h e ig h t*  The p o s i t i o n  o f  

t h e  f o o t r e s t  was ch anged  w i th  e ac h  s u b j e c t  t o  in s u r e  t h a t  

th e  l e g s  w ere  i n  t h e  same p o s i t i o n  r e g a r d l e s s  o f  d i f f e r e n c e s  

i n  l e g  le n g th *

The f r o n t a l  g r i d ,  o v e r  w h ich  t h e  s u b je c t  moved h i s  

hand  o r  p r o s t h e s i s ,  p ro v id e d  a  f i x e d  s ta n d a r d  o f  r e f e r e n c e  

f o r  m easu rem en ts  made from  th e  p h o to g ra p h ic  n e g a t iv e s *  I t  

was made o f  o n e  in c h  by  two in c h  w ir e  m esh , and  c u t  i n  f o u r  

s t r i p s  m e a su r in g  o n e  f o o t  by f o u r  f e e t .  T he g r i d  was su s ­

p ended  from  a  h o r i z o n t a l  b a r  w h ich  w as a t t a c h e d  t o  a  m ovab le  

s ta n d *  The h e ig h t  o f  t h e  b a r  w as a d j u s t a b l e  and  th e  s ta n d  

w as f i t t e d  w i th  c a s t e r s  w h ich  p e r m i t t e d  i t  t o  be  moved e a s ­
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i l y .  $h© g r i d  w as e a s i l y  a ssem b led  and  p h o to g ra p h s  o o u ld  be 

ta k e n  th ro u g h  i t #

The m i r r o r  w as f o u r  f e e t  s q u a re * . T h is  w as l a r g e  

enough t o  g iv e  a n  im age o f  t h e  s u b je c t  and  h i s  movements*

T he s ta n d  f o r  t h e  m i r r o r  w as a l s o  f i t t e d  w i th  c a s t e r s  w h ich  

p e r m i t t e d  i t  t o  b e  moved# T he m ir r o r  a f f o r d e d  t h e  im p o r ta n t  

s i d e  v iew  o f  t h e  s u b je c t*

The hand  g r i d  f u r n i s h e d  a  f l a t  s u r f a c e  w h ich  w as moved 

i n  a  p a r a l l e l  r e l a t i o n  t o  th e  s u r f a c e  o f  th e  f r o n t a l  g r id *

I t  w as made o f  a  s q u a re  f o o t  o f  th e  one in c h  by two in c h  w ire  

m esh . T he g r ip  w as made o f  wood w hich  h ad  b een  c a rv e d  i n  a  

s e t  p o s i t i o n  to  i n s u r e  t h a t  t h e  hand g r i d  was h e ld  i n  t h e  

same way by  e ac h  s u b je c t*  The hand o f  e a c h  s u b je c t  g ra s p e d  

t h e  g r i p  i n  a  p o s i t i o n  s i m i l a r  t o  t h a t  o f  t h e  hand  a t  r e s t  

when th e  a m  i s  s u p p o r te d  i n  a  h o r i z o n t a l  -manner* T h is  i s  

c a l l e d  t h e  n e u t r a l  p o s i t io n *  The hand g r i d  was a t t a c h e d  

v e r t i c a l l y  a b o v e , and  one in c h  i n  f r o n t  o f  t h e  h o ld e r#  T h is  

a l lo w s  f o r  c le a r a n c e  b e tw een  t h e  k n u c k le s  and  t h e  f r o n t a l  

g r i d .  I t  i s  a b s o l u t e l y  n e c e s s a r y  f o r  t h e  s u b j e c t  t o  h o ld  

th e  g r i d  u p r i g h t ,  k e e p in g  h i s  w r i s t  i n  th e  n e u t r a l  p o s i t i o n  

a t  a l l  tim es*

T he wooden hand  g r i p  c o u ld  n o t  be  h e ld  i n  t h e  p r o s ­

th e s i s *  I n s t e a d ,  a  m e ta l  h o ld e r  was made o f  a  f l a t  p i e c e  

o f  m e ta l  two in c h e s  i n  le n g th #  A l i g h t  was a t t a c h e d  t o  t h e - 

end  o f  t h i s  h o ld e r#  T h is  h o ld e r  c o u ld  b e  h e ld  by  t h e  t e r ­

m in a l  d e v ic e  o f  t h e  p r o s th e s i s #
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A sy s te m  o f  l i g i i t s ,  com posed o f  f o u r  1 /2 5  w a t t  n eo n  

b u lb s ,  w as a r r a n g e d  i n  p a r a l l e l  and  c o n n e c te d  t o  a  c i r c u i t *  

She c i r c u i t  was i n t e m i t t e n t l y  b ro k en  c a u s in g  th e  l i g h t s  to  

f l a s h *  She r a t e  o f  th e  f l a s h i n g  o f  t h e  l i g h t  c o u ld  be  

ch an g ed  t o  accom m odate v a r io u s  sp e e d s  o f  movement o f  t h e  

s u b je c t s #

T he f o l lo w in g  p h o to g ra p h ic  eq u ip m en t was u s e d  i n  ob­

t a i n i n g  p h o to g ra p h s  o f  t h e  s u b je c ts *  A 35 mm s i n g l e  l e n s  

r e f l e x  c a m e ra , m a n u fa c tu re d  by th e  M in o l ta  C o rp o ra t io n ,  was 

a t t a c h e d  t o  a  t r i p o d  w h ich  was p la c e d  a t  a  h e ig h t  o f  t h r e e  

f e e t *  P l u s  X P an  f i lm  (ASA 125) gave  f i n e  g r a in  n e g a t iv e s  

w h ich  c o u ld  be e n la rg e d  w i th o u t  l o s i n g  q u a l i ty *  The s t r o b e  

l i g h t  u s e d  was a  Braum s e l f - c o n t a i n e d  110 v o l t  u n i t .  The 

e n l a r g e r  w as a  l e i t z  Pocom at I c  w h ich  a llo w e d  s u i t a b l e  en­

la rg e m e n t  o f  t h e  35 mm n e g a t iv e s  t o  l / 6  n a t u r a l  s iz e *

A s t r a i g h t  arm g o n io m e te r  was u s e d  t o  m easu re  k n ee  

and  h ip  a n g le s  when p o s i t i o n i n g  t h e  l e g s  o f  t h e  s u b j e c t s  on 

th e  f o o t r e s t #  A m e ta l  t a p e  m easu re  was u s e d  to  r e c o r d  a m  

l a i g t h  an d  a  c l o t h  ta p e  m easu re  w as f i x e d  t o  th e  f l o o r  b e ­

s id e  t h e  c h a i r  a s  a  g u id e  t o  u se  when m oving th e  f r o n t a l  

g r i d  i n  r e l a t i o n  t o  th e  s u b j e c t .  A K e u f f e l  and  B a s e r  p o l a r  

p l a n im e te r  w i th  a  f i x e d  t r a c e r  a n a  w as u se d  to  r e c o r d  a r e a s  

o f  t r a c i n g s  o f  movement p a t t e r n s ^

M ethods

T he e x p e r im e n ta l  te c h n iq u e s  u s e d  i n  t h i s  i n v e s t i g a -
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t i o n  w ere  b aaed  on th e  r e s e a r c h  o f  D em pster and  c o -w o rk e rs  

(1955? 1959) and R o s ie r  ( 1 9 7 0 ) ,

E x p e r im e n ta l  E quipm ent 

The equ ipm ent was s e t  up i n  a  sp a c e  tw e n ty  f e e t  lo n g  

by  s i x  f e e t  w ide* The w a l l s  a d ja c e n t  t o  t h e  eq u ip m en t w ere 

c o v e re d  w i th  b la c k  p l a s t i c  t o  p ro v id e  a  d a rk  b ack g ro u n d  and 

to  p re v e n t  r e f l e c t i o n .  The c h a i r  was p o s i t io n e d  a t  o n e  end 

o f  t h i s  s p a c e , f i f t e e n  f e e t  from  th e  cam era* The f o o t r e s t  

was p la c e d  d i r e c t l y  i n  f r o n t  o f  t h e  c h a ir*  The m i r r o r  was 

p o s i t io n e d  a t  a  f o r t y - f i v e  d e g re e  a n g le  to  t h e  l e f t  s id e *

The f r o n t a l  g r id  was p la c e d  p e r p e n d ic u la r  t o  t h e  f l o o r  w i th  

i t s  s ta n d  p o s i t io n e d  to  t h e  s id e  o f  t h e  c h a i r*  T h is  s ta n d  

was moved a t  s p e c i f i c  s i x  in c h  i n t e r v a l s  a lo n g  a  t a p e  meas­

u r e  g lu e d  t o  th e  f lo o r*

M easu rem en ts o f  S u b je c ts  

M easurem ents on e ac h  s u b je c t  in c lu d e d  h e ig h t ,  w e ig h t ,  

n o rm al arm l e n g t h ,  p r o s t h e t i c  a m  l e n g t h  and  l e n g th  o f  stum p, 

J o i n t s  o f  t h e  u p p e r  e x t r e m i t i e s  w ere exam ined f o r  n o rm al 

ra n g e  o f  m otion* The ty p e  o f  p r o s t h e s i s  w as n o te d  a s  w e l l  

a s  th e  l e n g t h  o f  t im e  t h a t  t h e  s u b je c t  h ad  u s e d  t h e  p r o s ­

t h e s i s *

A m e ta l  t a p e  m easu re  w as u se d  t o  m easu re  n o rm al arm 

le n g th *  T h is  i s  th e  d i s t a n c e  i n  in c h e s  from  th e  acrom ion  

p ro c e s s  to  th e  d i s t a l  i n te r p h a l a n g e a l  j o i n t  o f  t h e  m id d le  

f in g e r *  The l e n g th  o f  t h e  p r o s t h e t i c  arm  was a l s o  m easured*
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î h i s  i s  t h e  d i s t a n c e  i n  in c h e s  from  th e  acrom ion  p r o c e s s  to  

t h e  end o f  t h e  t e r m in a l  d e v ic e *  The l e n g th  o f  t h e  stum p was 

m ea su re d  from  th e  a n t e r i o r  b o r d e r  o f  t h e  ac ro m io n  p r o c e s s  t o  

th e  end o f  t h e  hum erus i n  th e  c a s e  o f  t h e  above e lbow  ampu~ 

t e e s  and  from  th e  o le c ra n o n  o f  t h e  u ln a  t o  t h e  bony  t i p  o f  

t h e  stum p i n  t h e  c a s e  o f  t h e  below  elbow  am putees»

The s u b je c t  was s e a te d  i n  th e  c h a i r  f a c in g  d i r e c t l y  

fo rw a rd  w i th  t h e  f e e t  on th e  f o o t r e s t *  U s in g  t h e  g o n io m e te r  

t h e  h ip s  w ere  p o s i t io n e d  a t  a  s e v e n ty - f iv e  d e g re e  a n g le  and  

th e  k n e e s  w ere  p o s i t io n e d  a t  an  1Q5 d e g re e  an g le*  T he r e s t ­

in g  arm  was p la c e d  a t  th e  s i d e  i n  a  p o s i t i o n  t h a t  d id  n o t  

i n t e r f e r e  w i th  movement o f  t h e  o t h e r  e x tre m ity *

E x p e r im e n ta l P ro c e d u re  

When m e a su rin g  th e  w ork sp a ce  o f  th e  n o rm al e x t r e m i ty  

t h e  s u b j e c t  h e ld  th e  hand g r i d  i n  h i s  hand  w ith  t h e  l i g h t s  

ta p e d  i n  p o s i t io n *  The f i r s t  l i g h t  was s e c u re d  o v e r  t h e  

p ro x im a l i n t e r p h a l a a g e a l  j o i n t  o f  th e  t h i r d  f in g e r *  T h is  

wag d e te rm in e d  t o  be th e  c e n t e r  o f  th e  g r i p  by D em p ste r e t  

a l * (1 9 5 9 )*  T h is  p o in t  was u s e d  r a t h e r  th a n  t h e  t i p  o f  th e  

f i n g e r  b e c a u se  t h e  c o n t r o l s  i n  a  work sp a c e  o r d i n a r i l y  can ­

n o t  be  o p e ra te d  a t  th e  end o f  t h e  f i n g e r  t i p s  (K in g  e t  a l * .  

1947)*  A se co n d  l i g h t  was ta p e d  d i r e c t l y  o v e r  t h e  o le c ra n o n  

t o  show movement a t  th e  e lb o w . A t h i r d  was ta p e d  o v e r  th e  

a c r o m io - c la v i c u l a r  j o i n t  t o  show movement o f  th e  s c a p u la *  

A c c o rd in g  to  T a y lo r  and B la s c h k e  (1 9 5 1 ) , t h e r e  i s  o n ly  #25
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in c l ie s  o f  s M n  said f le s h , s u p e r f i c i a l  t o  th e  a c r o m io - c la v i ­

c u l a r  j o in t *  A lso , t h e r e  i s  l i t t l e  s k in  movement t o  d i s t u r b  

t h e  r e l a t i o n s h i p  o f  th e  l i ^ t  t o  t h e  j o in t*  A f o u r t h  and  

f i n a l  l i g h t  was ta p e d  o v e r  t h e  j u g u l a r  n o tc h  o f  t h e  sternum # 

T h is  l i g h t  was u se d  to  d e te rm in e  e x c e s s iv e  movement o f  th e  

t r u n k .

The s u b je c t  was i n s t r u c t e d  i n  t h e  p r o p e r  p ro c e d u re  

b e f o r e  b e g in n in g  th e  ex p e rim en t#  T he -h e a d re s t  w as a d ju s te d  

t o  f i t  t h e  s u b je c t  and  t h e  s u b j e c t  w as i n s t r u c t e d  t o  r e f r a i n  

from  m ov ing  th e  t r u n k  l a t e r a l l y  o r  fo rw a rd . He was t o l d  to  

h o ld  t h e  han d  g r i d  i n  t h e  same o r i e n t a t i o n  w i th o u t  c h a n g in g  

t h e  way i n  w h ich  h i s  hand was p o s i t io n e d  on  th e  h an d  g r ip #

He w as i n s t r u c t e d  to  m a in ta in  t h e  hand  g r i d  a t  a  d i s t a n c e  

no g r e a t e r  th a n  t h r e e  in c h e s  from  t h e  f r o n t a l  g r i d .  He was 

to  move t h e  hand  g r i d  f i r s t  i n  a  f u l l  c lo c k w ise  c i r c l e  and  

th e n  i n  a  c o u n te rc lo c k w is e  c i r c l e  i n  t h e  e x tre m e s  o f  move­

m ent p o s s ib le #  l a t e r a l  r o t a t i o n  o f  th e  h e ad  w as p e r m i t t e d  

t o  e n a b le  th e  s u b je c t  t o  o b se rv e  h i s  hand  m o tio n , A t r i a l  

m ovement w as a llo w e d  and  any m is ta k e s  o r  e x tr a n e o u s  move­

m en ts  w h ic h  w ere  o b se rv e d  w ere c o r r e c te d *

T he e x p e r im e n ta l  p ro c e d u re  w as th e n  begun* The room 

w as d a rk e n e d  e x c e p t f o r  t h e  l i g h t s  a t t a c h e d  t o  t h e  s u b je c t*  g 

a m  and  body* The f r o n t a l  g r i d  w as f i r s t  p o s i t io n e d  a t  t h e  

e x tre m e  a n t e r i o r  r e a c h  o f  t h e  arm  w h i le  th e  arm  w as a t  n in e #  

t y  d e g re e s  o f  fo rw a rd  f le x io n #  A t im e  ex p o su re  p h o to g ra p h  

w as ta k e n  o f  t h e  movement o f  t h e  a m #  A s t r o b e  l i g h t  was
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f l a s h e d  o a c e  d u r in g  each  ex posu re*  T h is  p ro v id e d  an  im age 

o f  t h e  s u b j e c t  on  th e  f i l m .  The f r o n t a l  g r i d  was r e p o s i ­

t i o n e d  a t  s i x  in c h  i n t e r v a l s ,  m oving  i t  c l o s e r  to  t h e  sub­

j e c t .  T he w hole  seg.uence was r e p e a te d  a t  e ac h  i n te r v a l*

T he g r i d  w as r a i s e d  when n e c e s s a r y  t o  g iv e  a d e q u a te  c l e a r ­

a n c e  f o r  t h e  k n ees*  S e c t io n s  o f  t h e  g r i d  w ere  rem oved when 

n e c e s s a r y  t o  a v o id  c o n ta c t  w i th  th e  t r u n k  a t  p o s i t i o n s  c lo s e  

to  o r  p o s t e r i o r  t o  th e  s u b j e c t .

The e n t i r e  p ro c e d u re  was m o d if ie d  an d  r e p e a te d  f o r  

t h e  p r o s t h e t i c  e x tre m ity *  The f i r s t  l i g h t ,  was s e c u re d  i n  a  

m e ta l  h o ld e r  w h ich  th e  s u b j e c t  h e ld  i n  t h e  te r m in a l  d e v ic e  

o f  h i s  p r o s t h e s i s *  T h is  l i g h t  c o r re s p o n d e d  to  th e  l i g h t  

o v e r  t h e  p ro x im a l in t e r p h a l a n g e a l  j o i n t  o f  t h e  n o rm al hand*

A se c o n d  l i g h t  w as ta p e d  a t  th e  e lbow  j o i n t  a t  t h e  o le c ra n o n  

i n  t h e  c a s e  o f  t h e  below  elbow  am putee  an d  a t  th e  j o i n t  o f  

t h e  p r o s t h e s i s  i n  t h e  c a s e  o f  th e  above  e lbow  am pu tee . A 

t h i r d  l i g h t  w as p la c e d  o v e r  th e  j u g u l a r  n o tc h  o f  th e  s te rn u m , 

The l i g h t  on t h e  ac ro m io n  c o u ld  n o t  b e  p o s i t io n e d  due t o  i n ­

t e r f e r e n c e  w i th  t h e  s h o u ld e r  h a rn e s s  o f  t h e  p r o s th e s i s *  T he  

s u b j e c t  was i n s t r u c t e d  to  g ra s p  th e  m e ta l  h o ld e r  i n  h i s  t e r ­

m in a l  d e v ic e  i n  su c h  a  way t h a t  t h e  h o ld e r  and  l i g h t  w ere  a t  

r i g h t  a n g le s  t o  th e  f r o n t a l  g r i d .  O th e r  i n s t r u c t i o n s  r e ­

m a in ed  t h e  same a s  f o r  t h e  n o rm al e x tre m ity *

I n  b o th  t h e  above  and  th e  be low  e lbow  g ro u p s o f  ampu­

t e e s  t h e  s u b j e c t  c l o s e s t  t o  th e  mean w as c h o sen  a s  w e l l  a s  

t h e  s u b j e c t s  w i th  p e rc e n ta g e  d i f f e r e n c e s  on  e i t h e r  ex trem e
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from  th e  mean* 3 he d a ta  from  t h e s e  s t i h je c t s  w ere u se d  to  

make s u p e r im p o s i t io n s  o f  t h e  i n t e r v a l  t r a c in g s *  The d a ta  

w ere a l s o  u s e d  to  make s ty ro fo a m  m o d els  o f  th e  t t i r e e -d im e a -  

s i o n a l  work s p a c e  (A p p e n d ix ) . T r a c in g s  w ere  th e n  made from  

th e  s ty ro fo a m  m odels i n  o r d e r  t o  make d raw in g s  o f  f r o n t a l ,  

h o r i z o n t a l  an d  s a g i t t a l  s e c t i o n s  th ro u g h  th e  work sp aces*  

B a ls a  wood m o d e ls  w ere a l s o  made o f  t h e  w ork sp a c e s  o f  t h e  

above and  be lo w  elbow  am pu tees w ith  t h e  p e rc e n ta g e  d i f f e r ­

ence  v a lu e s  c l o s e s t  t o  t h e  mean (A p p e n d ix )•

A n a ly s is  o f  P h o to g ra p h ic  M easu rem en ts 

The f i l m  r e c o r d in g  o f  t h e  l i g h t  p a th s  w as d e v e lo p e d  

by t h e  u s u a l  p h o to g ra p h ic  c h e m ic a ls  i n  t h e  p r e s c r ib e d  m anner* 

The n e g a t iv e s  w ere th e n  p r o j e c t e d  i n  an  e n la r g e r  t o  1 /6  n a t ­

u r a l  s i z e  o f  t h e  s u b je c t*  T r a c in g s  w ere  made o f  t h e  p a th s  

o f  t h e  l i g h t  w h ic h  was a t t a c h e d  o v e r  t h e  t h i r d  f i n g e r .  An 

o r i e n t a t i o n  p o i n t  was m arked  on  e ac h  t r a c i n g  w h ich  c o r r e s ­

ponded to  t h e  m id -p o in t  o f  t h e  j u n c t i o n  o f  t h e  b ack  and  th e  

s e a t  o f  th e  c h a i r *  D em pster ^  a l * (1 9 5 9 ) c ^ l e d  t h i s  p o in t  

th e  p o in t*  A l i n e  w as a l s o  draw n m a rk in g  a  h o r i z o n t a l  

l e v e l  a t  t h e  sh o u ld e rs*  The **R*’ p o i n t  an d  t h i s  s t a t i o n a r y  

l i n e  w ere  u s e d  aa  o r i e n t a t i o n s  when su p e r im p o s in g  one t r a c ­

in g  o v e r  a n o th e r*

The t r a c i n g s  showed two c i r c l e s ,  one  r e p r e s e n t in g  th e  

c lo c k w is e  p a th  and th e  o t h e r  r e p r e s e n t i n g  th e  c o u n te r c lo c k ­

w ise  p a th .  A l i n e  was draw n be tw een  th e  two c i r c l e s  t o  r e p ­
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r e s e n t  t h e  m ean a r e a  t r a c i n g ,  P la n im e te r  r e a d in g s  vrere th e n  

made on e a c h  t r a c i n g  to  f i n d  t h e  a r e a  o f  th e  o u t l i n e  i n  

s q u a re  i n c h e s ,  A t o t a l  o f  t h r e e  t r a c i n g s  was made o f  each  

o u t l i n e  an d  th e n  t h i s  sum. w as d iv id e d  hy t h r e e  to  o b ta in  th e  

mean o r  a v e ra g e  a rea*  I n  c e r t a i n  c a s e s  th e  o u t l i n e  was to o  

l a r g e  t o  be  c ir c u m s c r ib e d  a t  one  t im e ,  T h is  o u t l i n e  w a s -d i­

v id e d  i n t o  two p a r t s ,  p l a n im e te r  r e a d in g s  m ade, and  th e  r e a d ­

in g s  a d d e d . I n  a l l  c a s e s  t h e  a r e a  m easu rem en ts w ere  m u l t i ­

p l i e d  by  s i x  to  r e t u r n  them  t o  f u l l  s c a l e ,  and  th e n  m u l t i ­

p l i e d  by  s i s  in c h e s  to  f i n d  t h e  volume o f  e ach  i n t e r v a l  i n  

c u b ic  in c h e s  V The f u l l  s c a l e  volum es o f  a l l  i n t e r v a l s  f o r  

a  s i n g l e  s u b j e c t  w ere added  t o  g iv e  t h e  t o t a l  w ork sp a c e  

vo lum e. T he above p ro c e d u re s  w ere  fo llo w e d  u s in g  th e  d a ta  

o b ta in e d  from  th e  t r a c in g s  t a k e n  from  th e  n o rm al arm  and f o r  

th e  p r o s t h e t i c  arm .

S t a t i s t i c a l  T re a tm e n t 

T he d i f f e r e n c e  i n  th e  n o rm al and  t h e  p r o s t h e t i c  v o l­

umes w as fo u n d  and  c o n v e r te d  t o  a  p e rc e n ta g e  d i f f e r e n c e  i n  

o r d e r  t o  b e  a b le  to  com pare d i f f e r e n c e s  among s u b j e c t s ,  The 

m eans ( a v e r a g e s ) ,  m ed ian s (m id d le  v a lu e s ) ,  s ta n d a r d  d e v ia ­

t i o n s  ( v a r i a t i o n s  from  m e a n ), and  c o e f f i c i e n t s  o f  v a r i a t i o n  

( v a r i a b i l i t y )  w ere  c a l c u l a t e d  f o r  a l l  m ea su re m e n ts . The 

mean i s  g e n e r a l l y  th e  m o st r e l i a b l e  o r  a c c u ra te  m easu re  o f  

c e n t r a l  te n d e n c y  ( G u i l f o r d ,  1 9 5 6 ) .  The m ed ian  was a l s o  

fo u n d  t o  i n d i c a t e  th e  skew ness o f  th e  d i s t r i b u t i o n #  The
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s ta n d a r d  d e v ia t i o n  i n d i c a t e s  a  r e l i a b l e  d e g re e  o f  v a r i a b i l i ­

t y .  The c o e f f i c i e n t  o f  v a r i a t i o n  i n d i c a t e s  th e  e x i s t i n g  

v a r i a t i o n  i n  a  s e r i e s  o f  d a ta .  I t  i s  e q u a l to  one h tm dred  

t i n e s  t h e  s ta n d a r d  d e v ia t i o n ,  d iv id e d  by t h e  m ean.

A Spearman rank c o r r e l a t i o n  was w orked o u t relating 
th e  normal volum e to  th e  d i f f e r e n c e  volum e, p r o s t h e t i c  v o l­

ume, a g e ,  h e ig h t ,  w e ig h t,  stump l e n g t h ,  t im e  w orn , and p ro s ­

t h e t i c  extremity l e n g th .  A seco n d  ra n k  c o r r e l a t i o n  c o e f f i ­

c i e n t  was done c o r r e l a t i n g  th e  p r o s t h e t i c  w ork  sp a c e  volume 

w i th  th e  remaining d a ta ,  A t h i r d  ra n k  c o r r e l a t i o n  was done 

r e l a t i n g  the d i f f e r e n c e  volum e to  no rm al volume, p r o s t h e t i c  

volum eÿ a g e , h e i g h t ,  w e ig h t,  stump l e n g t h ,  time w orn , and 

p r o s t h e t i c  e x t r e m ity  length. The ra n k  c o r r e l a t i o n  c o e f f i ­

c i e n t  i s  u s e d  h e re  b e c a u se , a l th o u g h  th e r e  may appear to  be  

a  dependency  betw een  two v a r i a b l e s ,  th e  d i s t r i b u t i o n  i s  im - 

itnown and t h e r e  can  be no a s su m p tio n s  made a b o u t p o p u la t io n  

d i s t r i b u t i o n s  #

A cco rd in g  to  Yamane (19 6 7 ) Spearm an’ s  ra n k  c o r r e l a ­

t i o n  c o e f f i c i e n t  i s  found  with th e  f o m u la t

'a " 1 - ^ . 1 )

The sym bol s ta n d s  f o r  t h e  Spearm an r a n k  c o r r e l a t i o n  c o -  

e f f i c i e n t .  The symbol **S” m eans " th e  sum o f " ,  "d "  i s  th e  

d i f f e r e n c e  b e tw een  th e  r a n k s  o f  th e  two n u m b ers , and  "n" 

s ta n d s  f o r  t h e  num ber i n  th e  sa m p le .

The W ilcox in -4 Iann-W hitney  u  t e s t  was c a l c u l a t e d  t o
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f i n d  t h e  s i g n i f i c a n c e  i n  th e  p e r c e n ta g e  d i f f e r e n c e s  d e t e r ­

m ined f o r  th e  l e f t  v e rs u s  th e  r i g h t  handed  p r o s t h e s i s  r e a r ­

e r s .  9!h e  u  t e s t  was ;-also c a l c u l a t e d  t o  i n d i c a t e  t h e  s i g n i f i ­

c an c e  i n  th e  n o rm a l v o lm e s ,  d i f f e r e n c e  vo lim .es, and  p e r c e n t ­

age  d i f f e r e n c e s  i n  th e  above elbow  v e r s u s  th e  below  elbow  

g ro u p , T h is  t e s t  was u se d  b e c a u se  it i s  a p p l i c a b l e  to ob­
s e r v a t i o n s  on tivo- in d e p e n d e n t random  sam p le s  w hich  c a n  be

combined i n to  a  s i n g l e  o rd e re d  s e r i e s .  The formula u se d  to
1find the sum of r a n k s ,  "T o f  t h e  number of o b s e r v a t io n s  

i n  a  g ro u p , was a c c o rd in g  to Tate and C le l la n d  (1 9 5 7 ) :

« %(% * Ng + 1) - T

The s ^ b o l  i s  t h e  num ber i n  one sam p le  and Eg i s  th e  num­

b e r  i n  th e  se c o n d  sam ple» The sym bol "T” i s  t h e  sum of r a n k s  

o f  th e  s m a l l e r  sa m p le .



CHAP£EH III 

mmLTs

Body M easu rem en ts 

O f th e  tw e n ty  s u b j e c t s  u s e d  i n  t h e  p r e s e n t  s tu d y ,  

e le v e n  w ere  be low  elbow  am pu tees and  n in e  w ere  above elbow  

a m p u te e s . The v a lu e s  o f  t h e  m easu rem en ts  m ade on  th e s e  two 

g ro u p s  o f  s u b j e c t s  c a n  b e  se e n  i n  T a b le s  1  an d  2 . The age  

o f i t h e  tw m ity  s u b j e c t s  v a r i e d  from  s e v e n te e n  t o  s i x t y - s i x .  

The a g e  o f  th e  g ro u p  o f  be low  elbow  a m p u te e s  a v e ra g e d  4 5 .4  

y e a r s ,  w h i le  i n  th e  above  elbow  g ro u p  i t  a v e ra g e d  33 y e a r s .  

T he h e ig h t  o f  t h e  tw e n ty  s u b j e c t s  ranged fro m  5 f e e t ,  5 

in c h e s  t o  6 f e e t ,  3 in c h e s .  I n  t h e  g ro u p  o f  e le v e n  below  

e lbow  a m p u te e s , t h e  h e ig h t  a v e ra g e d  5 f e e t ,  1 0 .6  in c h e s ,  

w h i le  t h a t  o f  t h e  above elbow  am puteee a v e ra g e d  5 f e e t ,  10 

i n c h e s .  The w e ig h t o f  t h e  tw e n ty  s u b j e c t s  v a r i e d  be tw een  

112 pounds t o  255 p o u n d s . The w e ig h t  o f  t h e  g ro u p  o f  below  

e lbow  am p u tees a v e ra g e d  1 8 6 .6  p o u n d s , w h i le  i n  th e  g ro u p  o f  

above  e lbow  am p u tees  i t  a v e ra g e d  1 5 6 .6  p o u n d s .

I n  o r d e r  t o  b e  a b le  t o  com pare above  and  below  elbow  

l e n g t h s ,  th e  stum p m easu rem en ts  w ere  made a s  p e r c e n ta g e s  o f  

t h e  t o t a l  n o rm a l arm  l e n g t h s .  I n  t h e  be low  elbow  a m p u tee s ,

26



TABLE 1
MEASÜRMENTS OP BELOW ELBOW AMPUTEES

Subject
Age
In

Years

H eight
In

Inches

Weight
In

Pounds

Stump 
Length 

In *

Time Worn 
In  

Years

Normal Arm 
Length 

In Inches

P ro sth etic  
Arm Length 
In Inches

Harness

A' 40 7 3 220 20 3 32 30 F ig . 8

24 74 190 36.6 6 31 30 P ig . 8

51 72 165 23.7 8 30 29.5 P ig . 8

66 68 175 25 20 27.5 28 Saddle

46 69 200 29.3 6 30“ 29“ F ig . 8
P 25 70 185 31.4 25 29 25.5 Ring

G 46 71 185“ 27.6 25 31 29 P ig . 8
H 22 75 255 31 3 34 30 .5 F ig . 8

29 68 135 27“ 3 28 24 Ring

65 70 168 22.2 40 28 27 Saddle

K 43® 70* 177 2 2 .4 20 30 29 Ring

Mean
(Average)

45.4 70.6 186.6 26.9 14 .5 29.9 28 .4

r = Bight Extremity Amputee 
m » media»



TABLE 2
MEASUREMENTS OP ABOVE ELBOW AMPUTEES

Subject
Age
In

Years

H eight
m

Inches

Weight
In

Pounds

Stump 
Length 

In %

Time Wom 
In 

Years

Normal Axm 
Length 

In Inches

P ro sth e tic  
Arm Length 
In Inches

Harness

A' 34 73 220 23*3 21 32.5 30 Bing

B 56 67 125 44 3*5 27 25 Saddle

( f 50 73 170 30® 30 29*5 30 F ig . 8

D 41 74 215 32*8 8 31*5 29 Fig* 8

I f 47 67 150® 32.1 23 27*5 26.5 Pig* 8

P 17 65 120 29*6 14® 27 27 Pig* 8

25 71 147 33*9 .0 6 29 26® Ring

H 48 70 150 18*9 25 31 29 Pig* 8

47® 70* 112 16 10 29® 25 Saddle

Mean
(Average)

33 70 156 .6 28 .9 15 29 27 .9

ro
09

p * Bight #E$remity Amputee 
m » Median
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t h e  s tu m p sf a s  m easu red  from  th e  o le c ra n o n  t o  t h e  end o f  th e  

stu m p , a v e ra g e d  25*9 p e r  c e n t  o f  th e  t o t a l  l e n g t h  o f  th e  n o r ­

m al a rm . I n  th e  above elbow  g ro u p , t h e  s tu m p s , a s  m easured  

from  t h e  acrom ion  to  th e  end  o f  th e  stum p a v e ra g e d  28*9 p e r  

c e n t  o f  th e  t o t a l  arm  le n g th *

The am ount o f  t im e  t h a t  th e  am pu tees h ad  w orn p r o s -  

t h e s e s  v a r i e d  from  one m onth  to  40 y e a r s .  I n  t h e  g roup  o f  

s u b j e c t s  w i th  below  elbow  a m p u ta tio n s  th e  t im e  w orn averaged . 

14*5 y e a r s  w h ile  i n  th e  above  elbow  am p u tees i t  a v e ra g e d  15 

y e a rs *

K o m a l arm l e n g th  ( d i s t a n c e  from  t h e  ac ro m io n  to  th e  

d i s t a l  i n t e r p h a l a a g e a l  j o i n t  o f  th e  m id d le  f i n g e r )  v a r ie d  

from  27 t o  34 in c h e s  i n  t h e  tw e n ty  s u b je c ts *  I n  t h e  below  

elbow  am putees arm  l e n g t h  a v e ra g e d  29*9 i n c h e s ,  w h i le  i n  t h e  

above elbow  g roup  i t  a v e ra g e d  29 in c h e s .  I n  t h e  tw e n ty  sub­

j e c t s  th e  l e n g th  o f  th e  p r o s t h e t i c  e x t r e m i ty  ( d i s t a n c e  from  

th e  acro m io n  to  t h e  end o f  t h e  te r m in a l  d e v ic e )  v a r i e d  from  

24 in c h e s  t o  3 2 .5  in c h e s*  I n  th e  below  elbow  am pu tees th e  

l e n g t h  o f  th e  p r o s t h e t i c  e x tr e m i ty  a v e ra g e d  28*4  in c h e s  com­

p a re d  to  th e  above elbow  g ro u p  in  w hich  i t  a v e ra g e d  27*9 

in c h e s*

T h ere  w ere  t h r e e  b a s ic  ty p e s  o f  h a r n e s s e s  w orn by t h e  

am pu tees i n  t h i s  s tu d y ;  f i g u r e  e i g h t ,  m e ta l  r i n g ,  l e a t h e r  

s h o u ld e r  s a d d le .  I n  th e  giw up o f  below  elbow  am pu tees s ix  

s u b j e c t s  h ad  f i g u r e  e ig h t  h a r n e s s e s ,  t h r e e  had  r i n g  h a rn e s s e s  

and  two had  l e a t h e r  s h o u ld e r  s a d d le  h a rn e s s e s *  I n  th e  above
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elbow  g ro u p , f i v e  s u b j e c t s  had  p r o s th e s e s  w i th  f i g u r e  e i ^ t  

h a r n e s s e s ,  on t h r e e  o f  w h ich  th e  e lbow  lo c k  was r e g u l a te d  by 

t h e  o p p o s i te  s h o u ld e r*  T h e re  w ere tw o r i n g  and  two l e a t h e r  

s h o u ld e r  s a d d le  h a r n e s s e s .  On one o f  t h e  p r o s th e s e s  w i th  t h e  

l e a t h e r  s h o u ld e r  s a d d le  h a rn e s s  t h e  o p p o s i t e  s h o u ld e r  re g u ­

l a t e d  t h e  w r i s t  m echanism  and  had  no e lbow  lo ck *

The l e n g t h  o f  th e  p r o s t h e t i c  e x t r e m i ty  was fo u n d  to  

be  s h o r t e r  th a n  th e  n o rm al arm  le n g th  i n  e ig h te e n  o f  tw e n ty  

s u b j e c t s .  I n  t h e  g ro u p  o f  below  elbow  am p u tees  t h e  p r o s ­

t h e t i c  e x t r e m i ty  a v e ra g e d  1 .8  in c h e s  l e s s .  I n  th e  g ro u p  o f  

above elbow  am p u tees t h e  p r o s t h e t i c  e x t r e m i ty  l e n g th  a v e ra g e d  

1 .7  in c h e s  l e s s  th a n  t h e  n o rm al arm*

A l l  tw e n ty  s u b j e c t s  w ere  i n i t i a l l y  r i g h t  handed  and  

o f  t h e s e  60 p e r  c e n t  h ad  t h e i r  r i g h t  arm  a m p u ta te d . I n  th e  

below  elbow  am putee g ro u p , 63*7 p e r  c e n t ,  h ad  th e  a m p u ta tio n  

on t h e  r i g h t  s i d e  w h e rea s  i n  th e  above e lbow  group  56 p e r  

c e n t  h ad  th e  a m p u ta tio n  on t h e  r i g h t  s i d e .

V a r io u s  p ro b lem s w ere e n c o u n te re d  i n  th e  a t t e m p ts  o f  

t h e  s u b j e c t s  t o  c o m p le te  th e  r e q u i r e d  i n t e r v a l s .  The f i r s t  

i n t e r v a l  r e f e r s  to  t h e  p o s i t i o n  o f  th e  f r o n t a l  g r i d  w h w  i t  

i s  f a r t h e s t  from  th e  "R* p o in t  o f  t h e  s e a t .  T h is  d i s t a n c e  

w i l l  v a ry  w i th  each  s u b je c t  s in c e  th e  f i r s t  i n t e r v a l  i s  d e -  

te jm in e d  by  t h e  l e n g t h  o f  t h e  a n t e r i o r  r e a c h  o f  th e  s u b je c t* s  

arm* The se c o n d  i n t e r v a l  w i l l  be s i x  in c h e s  c l o s e r  th a n  t h e  

f i r s t .  T hus t h e  f r o n t a l  g r id  h a s  b een  moved e ig h te e n  in c h e s  

to w a rd  t h e  ’’H" p o in t  a t  t h e  f o u r t h  i n t e r v a l .  I t  h a s  bem i
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m oved tw e n ty - f o u r  in c h e s  a t  t h e  f i f t h  i n t e r v a l  and  a t  t h e  

s i x t h  i t  i s  u s u a l l y  b e h in d  t h e  «H** p o in t*

T he s u b j e c t s  d i f f e r e d  i n  t h e  am ount o f  e f f o r t ,  o r  en­

th u s ia s m  w i th  w h ich  th e y  c o m p le te d  t h e  r a n g e s  o f  m o tio n  r e ­

q u ire d »  T h ese  am p u tees  w ere  much m ore i n t e r e s t e d  and  w i l l i n g  

th a n  t h e  n o n -am p u tee  s u b j e c t s  o f  t h e  p r e v io u s  s tu d y  by  R o s ie r  

( 1 9 7 0 ) ,  Many s u b j e c t s  had  d i f f i c u l t y  k e e p in g  th e  hand g r i d  

p a r a l l e l  t o  and  t h r e e  in c h e s  fro m  th e  f r o n t a l  g r i d  an d  h a d  

t o  r e p e a t  s e q u e n c e s  when m ea su re m e n ts  w ere  made u s i n g  t h e  

n o rm a l e x tre m ity *  When m oving  th e  l i g h t  w i th  t h e  p r o s t h e s i s ,  

t h e  s u b j e c t s  h ad  t r o u b l e  k e e p in g  t h e  l i g h t  an d  m e ta l  h o ld e r  

p o i n t i n g  a t  r i g h t  a n g le s  t o  an d  t h r e e  in c h e s  from  th e  f r o n t a l  

g r id *  T ru n k  movement was a l s o  o b s e rv e d  i n  some s u b j e c t s  a s  

t h e y  t r i e d  t o  r e a c h  th e  e x tre m e s  o f  m o tio n #

The s u b je c ts *  ra n g e  o f  movement v a r i e d  to  a  g r e a t  de­

g r e e .  U s in g  th e  n o rm al e x t r e m i ty  t h i r t e e n  o f  th e  s u b j e c t s  

c o u ld  c o m p le te  a l l  s i x  i n t e r v a l s  and  s i x  o f  th e  s u b j e c t s  

c o u ld  c o m p le te  o n ly  t h e  f i r s t  f i v e  i n t e r v a l s  w i th  t h e  n o rm a l 

e x tr e m ity *  I n  t h e  e le v e n  s u b j e c t s  w i th  below  elbow  p r o s ­

t h e s e s ,  f i v e  w ere  a b le  t o  c o m p le te  o n ly  t h e  f i r s t  f o u r  i n t e r ­

v a l s  a n d  t h e  re m a in d e r  w ere  a b le  t o  c o m p le te  th e  f i r s t  f iv e *  

O f t h e  n in e  s u b j e c t s  w ith  ab o v e  e lbow  p r o s th e s e s  one was a b le  

t o  c o m p le te  o n ly  th e  f i r s t  i n t e r v a l ,  one  was a b le  t o  c o m p le te  

o n ly  t h e  f i r s t  two i n t e r v a l s ,  tw o c o u ld  c o m p le te  o n ly  t h e  

f i r s t  t h r e e  i n t e r v a l s ,  t h r e e  c o u ld  c o m p le te  o n ly  th e  f i r s t  

f o u r  an d  two c o u ld  c o m p le te  t h e  f i r s t  f iv e #
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I t  was n o te d  t h a t  m ore t im e  was n e ed e d  f o r  t h e  sub ­

j e c t s  t o  c o m p le te  t h e  se q u e n c e  o f  r a n g e s  w i th  th e  n o rm a l a m  

th a n  w as n e ed e d  t o  c o m p le te  t h e  seq u en ce  o f  r a n g e s  w ith  t h e  

p r o s th e s i s »  H ow ever, t h e  sp e e d  o f  movement was u s u a l ly  con­

s t a n t  when t h e  n o rm a l a m  w as u s e d .  When th e  p r o s t h e s i s  w as 

u s e d ,  th e  s u b j e c t s  v a r i e d  t h e  sp e e d  a s  th e y  ch anged  from  a  

c lo c k w is e  to  a  c o u n te r c lo c k w is e  d i r e c t i o n #  The s u b j e c t s  w i th  

above elbow  p r o s th e s e s  had  m ore d i f f i c u l t y  c o n t r o l l i n g  sp e e d  

and  te n d e d  to  move v e ry  q u ic k ly *

I t  was a l s o  o b s e rv e d  t h a t  when t h e  s u b j e c t s  p e rfo rm e d , 

th e  se q u e n c e s  w i th  t h e i r  n o rm al a rm s , m ore v a r i a b i l i t y  i n  

sh a p e  was e n c o u n te re d  b e tw ee n  t h e  c lo c k w is e  and  c o u n te r c lo c k ­

w ise  p a th s  th a n  when th e  se q u e n c e s  w ere  p e rfo rm e d  w i th  th e  

p ro s th e s e s *  T h is  was t r u e  f o r  a l l  i n t e r v a l s  com pleted*

A n a ly s is  o f  P h o to g ra p h ie  N e g a tiv e s  

Whm th e  p h o to g ra p h ic  n e g a t iv e s  w ere  e n la r g e d ,  t h e  

d i s t a n c e  from  hand  g r i d  t o  f r o n t a l  g r i d  c o u ld  be  ch eck ed  f o r  

c o r r e c t n e s s  from  t h e  im age i n  t h e  m i r r o r .  The a u b je o t s ,  when 

u s in g  t h e  n o rm al a im , had  d i f f i c u l t y  s t a y in g  c lo s e  t o  t h e  

f r o n t a l  g r i d  i n  t h e  lo w e r  p a r t s  o f  t h e  c i r c l e s  o f  m ovem ait# 

When u s in g  t h e  p r o s t h e s i s  t h e  s u b j e c t s  h ad  m ore d i f f i c u l t y  

p o i n t i n g  th e  m e ta l  h o ld e r  a t  r i g h t  a n g le s  t o  th e  f r o n t a l  g r i d  

i n  t h e  l a t e r a l  p a r t  o f  t h e  c i r c l e s  o f  movement* The c lo c k ­

w is e  and  c o u n te rc lo c k w is e  p a th s  o f  l i g h t  w ere  much c l o s e r  t o ­

g e th e r  when t h e  p r o s t h e s i s  was u se d  th a n  when t h e  c i r c l e s
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were performed by the normal arm* Many of the subjects also 
tended to make a rectangular pattern with the prosthesis 
while making a more curved pattern with the normal extremity* 

The light on the olecranon process of the normal arm 
made a smaller circle resembling the larger one made by the 
hand. In the intervals in which the subject's arm moved at 
the side of his body, this pattern of light at the elbow was 
an arc of a half circle with the convexity of the are direc­
ted laterally. However, movement at the elbow could not be 
completely seen in the photographs. The light at the elbow 
of the prosthetic extremity, when viewed in the mirror, ap­
peared to be moving closer to the body. It was also less 
visible in a frontal view.

Measurements of Light Paths 
The tracings of the light paths which were taken from 

the enlargements of the negatives were measured for all sub­
jects. The planimeter readings of these tracings yielded 
the areas of all the intervals of each subject. Areas of 
specific intervals were not comparable among subjects since 
the subjects started at different distances from the "B" 
point. First, the intervals of the smallest and the largest 
areas were determined for each subject. Secondly, the spe­
cific intervals were identified when the subject was able or 
unable to cross the hand grid or light in front of his body. 
Next, superimpositions of the light paths were made for the
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s u b j e c t s  i n  e a c h  g ro u p  w i th  t h e  p e rc e n ta g e  d i f f e r e n c e  c lo s ­

e s t  t o  th e  m ean, a s  w e l l  a s  f o r  th e  s u b j e c t s  i n  each  group  

a t  e i t h e r  e x tre m e  o f  th e  mean ( f i g u r e s  3 th ro u g h  1 4 ) .  fh e n  

th e  d i f f e r e n c e s  i n  th e  h e ig h t  and sh a p e  o f  th e  i n t e r v a l s  

w ere d e te rm in e d  f o r  t h e s e  s u b j e c t s .

VVhen th e  s u b j e c t s  u se d  t h e i r  n o rm al a rm s , th e  s i x t h  

i n t e r v a l  had  th e  s m a l l e s t  a r e a  i n  e ig h te e n  s u b j e c t s .  How­

e v e r ,  i n  two s u b j e c t s  th e  f i r s t  i n t e r v a l  had  th e  s m a l le s t  

a re a *  I n  two s u b j e c t s  th e  second  i n t e r v a l  had th e  l a r g e s t  

a r e a ,  i n  t h i r t e e n  s u b j e c t s  t h e  t h i r d  had  th e  l a r g e s t  and in  

f i v e  s u b j e c t s  th e  f o u r t h  had  th e  l a r g e s t *

When th e  s u b j e c t s  w ith  below  elbow  p r o s th e s e s  w ere

m easu red ; i n  two s u b j e c t s  t h e  f i r s t  i n t e r v a l  h ad  th e  l a r g e s t

a r e a ,  i n  e ig h t  s u b j e c t s  th e  second  h ad  th e  l a r g e s t  and in  

one s u b je c t  t h e  f o u r t h  h ad  th e  l a r g e s t  a r e a .  When th e  sub­

j e c t s  w ith  above e lbow  p r o s th e s e s  w ere m e a su re d , i n  t h r e e  

s u b j e c t s  th e  f i r s t  i n t e r v a l  had  th e  l a r g e s t  a r e a ,  i n  t h r e e  

s u b j e c t s  th e  s e c o n d , i n  two s u b je c t s  th e  t h i r d ,  and  in  one 

s u b je c t  th e  f o u r t h  h ad  th e  l a r g e s t  a r e a .  The l a s t  i n t e r v a l  

had  th e  s m a l l e s t  a r e a  i n  a i l  c a s e s .  I n  s u b j e c t s  who c o u ld

n o t  c o m p le te  a l l  i n t e r v a l s  th e  s m a l le s t  i n t e r v a l  was co u n ted

a s  t h e  one  p o s t e r i o r  to  th e  l a s t  i n t e r v a l  c o m p le te d . T h is  

i n t e r v a l  was c o u n te d  a s  h a v in g  a  v a lu e  o f  ze ro *

M ost o f  th e  s u b j e c t s  c o u ld  n o t  move th e  hand  o f  th e  

n o rm al e x t r e m ity  a c r o s s  h i s  body a f t e r  th e  f r o n t a l  g r i d  had 

b een  moved tw e n ty - f o u r  in c h e s  tow ard  th e  s u b j e c t .  However,
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F ig u r e  3* S u p e r im p o s it io n  o f  th e  i n t e r v a l  o u t l i n e s  
f o r  th e  n o rm al e x t r e m i ty  o f  th e  below  elbow  am putee w ith  
th e  p e rc e n ta g e  d i f f e r e n c e  v a lu e  c l o s e s t  t o  th e  mean* F ro n t 
v iew . î îo te  th e  p o s i t i o n  o f  th e  “H" p o i n t .
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FIGURE 3
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F ig u re  4 .  Superiiapoaitlon o f  t h e  i n t e r v a l  o u t l i n e s  
f o r  th e  p r o s t h e t i c  e x tr e m ity  o f  th e  below elbow  am putee 
w ith  th e  percentage d i f f e r e n c e  v a lu e  c l o s e s t  t o  the laeem. 
F ro n t v iew , E o te  th e  position o f  the '‘H” p o i n t .
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FIGURE 4
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f i g u r e  5 .  S u p e r i ia p o e i t io n  o f  th e  i n t e r v a l  o u t l in o e  
f o r  th e  n o rraa l e x t r e m ity  o f  th e  below  elbow  am putee w ith  
th e  s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e .  F ro n t  v iew . î ïo te  th e  
p o s i t i o n  o f  th e  "R" p o i n t .
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FIGURE 5
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f i g u r e  6# S u p e r im p o a it io n  o f  th e  i n t e r v a l  o u t l i n e s  
f o r  th e  p r o s t h e t i c  e x t r e m ity  o f  th e  below  elbow  am putee 
w ith  t h e  s m a l le s t  p e rc e n ta g e  d i f f e r e n c e .  F ro n t  v iew . N ote 
t h e  p o s i t i o n  o f  th e  “H” p o i n t .



42

FIGURE 6
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f i g u r e  7 .  S u p e r ia p o a i t io n  o f  th e  i n t e r v a l  o u t l i n e s  
f o r  th e  n o rm al e x tr e m ity  o f  t h e  below  elbow  am putee w ith  
th e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e ,  f r o n t  v iew , h o te  th e  
p o s i t i o n  o f  th e  "R" p o i n t .
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FIGURE 7
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F ig u re  8* S u p e ris ’- p o s i t io n  o f  t i ie  i n t e r v a l  o u t l i n e s  
f o r  t h e  p r o s t h e t i c  e x tr e m ity  o f  th e  below  elbow  am putee 
w i th  th e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e .  F ro n t  v iew . N o te  
th e  D o s it io n  o f  t h e  '‘.H** p o i n t .
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FIGURE 8
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F ig u r e  9* S u p e r im p o s it io n  o f  t h e  i n t e r v a l  o u t l i n e s  
f o r  t h e  n o rs ia l  e x tr e m i ty  o f  th e  above  elbow  am putee w ith  
th e  p e rc e n ta g e  d i f f e r e n c e  v a lu e  c l o s e s t  t o  th e  m ean. F ro n t  
v iew . R o te  t h e  o o s i t io ix  o f  th e  "R" p o i n t .
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FIGURE 9
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F ig u re  1 0 . S u p e r im p o a itio n  o f  t h e  i n t e r v a l  o u t l in e s  
f o r  th e  p r o s t h e t i c  e x tre m ity  o f  t h e  above elbow  am putee 
w ith  t h e  p e rc e n ta g e  d i f f e r e n c e  v a lu e  c l o s e s t  t o  t h e  mean# 
F ro n t  v iew . K o te  th e  p o s i t io n  o f  th e  "R" p o i n t .
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FIGURE 10
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F ig u re  1 1 . S u p e r im p o a it io n  o f  th e  i n t e r v a l  o u t l i n e s  
f o r  th e  n o rm al e x t r e m i ty  o f  th e  above elbow  am putee w i th  , 
th e  s m a l le s t  p e rc e n ta g e  d i f f e r e n c e .  F ro n t v iew . N o te  t h e  
p o s i t i o n  o f  th e  p o i n t .
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FIGURE 11
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Figure 1 2 ,  S u p e r im p o s it io n  o f  th e  i n t e r n a i  o u t l i n e s  
f o r  th e  p r o s t h e t i c  e x tr e m ity  o f  th e  above elbovif am putee 
w ith  t h e  smialiest p e r c e n t a g e - d i f f e r e n c e .  F ro n t  v iew . N ote 
th e  p o s i t i o n  o f  t h e  '•R’‘ p o i n t .
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FIGURE 12
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F ig u re  1 3 . S u p e r m p o a i t io n  o f  th e  i n t e r v a l  o u t l i n e s  
f o r  th e  n o rm al e x tr e m ity  o f  th e  above elbow am putee w i th  
th e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e .  F ro n t v ie w . l îo te  t h e  
p o s i t i o n  o f  t h e  "3" p o i n t .
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FIGURE 13
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F ig u re  1 4 . Supe r impo a i t i o n  o f  t h e  i n t e r v a l  o u t l i n e s  
f o r  th e  p r o s t h e t i c  e x t r e m ity  o f  th e  above elhov/ am putee \?;ith 
th e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e .  F ro n t  v ie# »  h o te  th e  
p o s i t i o n  o f  t h e  "S'* p o i n t .
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FIGURE 14
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i t  was n o te d  t h a t  one  s u b je c t  could, c o m p le te  t h i s  movement.

I n  th e  g roup  w i th  below  elbow p r o s th e s e s  f i v e  c o u ld  n o t  com­

p l e t e  t h i e  movement a t  th e  t h i r d  i n t e r v a l  and  s i x  c o u ld  n o t  

co m p le te  th e  movement a t  th e  fo u r th *  I n  t h e  above elbow 

g ro u p , one s u b j e c t  c o u ld  n o t  move th e  p r o s t h e s i s  a c r o s s  th e  

body a t  th e  seco n d  i n t e r v a l  and  two c o u ld  n o t  co m p le te  t h i s  

movement a t  t h e  t h i r d  i n t e r v a l .

The d i f f e r e n c e  in  a r e a s  f o r  s p e c i f i c  i n t e r v a l s  w ere 

found  and th e n  th e  i n t e r v a l s  w ith  th e  s m a l l e s t  and th e  l a r g ­

e s t  d i f f e r e n c e s  i n  a r e a  w ere i n d ic a te d  f o r  b o th  g ro u p s . I n  

th e  g roup  o f  below  elbow am p u tees, t h e  i n t e r v a l  o f  th e  sm a ll­

e s t  d i f f e r e n c e  be tw een  th e  no rm al arm an d  t h e  arm w ith  th e  

p r o s t h e s i s  was th e  f i r s t  i n t e r v a l  i n  s i x  s u b j e c t s  and  th e  

f i f t h  i n  one s u b j e c t .  The i n t e r v a l  w i th  t h e  l a r g e s t  d i f f e r ­

ence  was th e  f i r s t  in  one s u b je c t ,  t h e  t h i r d  i n  s i x  s u b j e c t s ,  

th e  f o u r th  in  t h r e e  s u b j e c t s ,  and th e  f i f t h  i n  one s u b j e c t .

In  th e  above elbow  g roup  o f  am putees t h e  i n t e r v a l  o f  th e  

s m a l le s t  d i f f e r e n c e  was th e  f i r s t  i n  e ig h t  s u b je c t s  and th e  

s i x t h  in  one s u b j e c t .  The I n t e r v a l  w ith  t h e  l a r g e s t  d i f f e r ­

ence was t h e  seco n d  i n  one s u b je c t ,  t h e  t h i r d  i n  s i x  sub­

j e c t s ,  and  t h e  f o u r t h  i n  two s u b j e c t s .

D i f f e r e n c e s  i n  th e  s i 2se and sh a p e  o f  th e  a r e a s  o f  th e  

i n t e r v a l s  w ere a p p a r e n t  f.rom th e  t r a c i n g s  ta k e n  from  l i g h t  

p a th s  o f  t h e  n o rm a l e x t r e m i t i e s ,  G e n e r a l ly ,  th e  f i r s t  in ­

t e r v a l  was a  c i r c l e  w ith  th e  u p p e r  b o r d e r  o f  th e  c i r c l e  j u s t  

above th e  l e v e l  o f  th e  ey es o f  th e  s u b j e c t .  T w o - th ird s  o f
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t h i s  c i r c l e  was d i r e c t e d  l a t e r a l l y .  S u b je c ts  w ere  a b le  to  

r e a c h  f u r t h e r  m e d ia l ly  and  above head l e v e l  i n  t h e  second  

i n t e r v a l .  The t h i r d  i n t e r v a l  was s i m i l a r  i n  sh a p e  t o  th e  

second  b u t l a r g e r .  I t  a l s o  had a  c h a r a c t e r i s t i c  in d e n ta t i o n  

due to  th e  k n e e s .  The f o u r t h  i n t e r v a l  la c k e d  a  d e f i n i t e  

o u t l i n e  o f  th e  k n e e s . H ere th e  m a jo r i ty  o f  s u b j e c t s  c o u ld  

s t i l l  move th e  hand a c r o s s  th e  m id l in e  o f  t h e i r  body b u t  d id  

n o t  have enough c le a r a n c e  betw een  t h e i r  body and th e  f r o n t a l  

g r id  to  p e rm it t h i s  m ovem ent. Some s u b j e c t s  c o u ld  move th e  

hand o v e r  th e  m id l in e  a t  th e  h ig h e r  p a r t s  o f  t h e  i n t e r v a l s  

b u t  n o t  i n  th e  lo w e r .  The f i f t h  i n t e r v a l  w as, i n  th e  ma­

j o r i t y  o f  c a s e s ,  e n t i r e l y  l a t e r a l  t o  th e  "R" p o in t*  The to p  

o f  th e  o u t l i n e  was d i r e c t e d  above th e  head  w ith  th e  v e r t i c a l  

d im en sio n  g r e a t e r  th a n  th e  h o r i z o n ta l  o n e . The s i x t h  i n t e r ­

v a l  was s i m i l a r  in  sh a p e  to  th e  f i f t h  b u t w i th  a  s m a l le r  

a r e a .

•The t r a c i n g s  o f  th e  i n t e r v a l s  o f  th e  i n d iv i d u a l s  u s in g  

th e  below  elbow p r o s th e s e s  w ere n a t u r a l l y  s m a l le r  th a n  th e  

i n t e r v a l s  o f  t h e  i i 'id iv id u a ls  u s in g  t h e i r  n o rm al arms* The 

p rim ary  d i f f e r e n c e  b e tw een  th e  p r o s t h e t i c  and  n o n a a l  t r a c in g s  

was t h a t  th e  i n t e r v a l s  o f  i n d iv id u a l s  u s in g  p r o s th e s e s  w ere 

n o t  a s  l a r g e .  The f i r s t  i n t e r v a l  was u s u a l ly  s m a l le r  and 

lo w e r  and  d id  n o t  p r o j e c t  a s  f a r  a c r o s s  t h e  body* T he second  

i n t e r v a l  was s m a l le r  w i th  th e  m a jo r i ty  o f  th e  a r e a  l a t e r a l  

to  th e  m id l in e .  The t h i r d  i n t e r v a l  was s m a l le r  th a n  th e  s e c ­

ond w ith  no i n d e n t a t i o n  due to  th e  k n e e s .-  T he a r e a  o f  t h i s
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i n t e r v a l  wag d i r e c t l y  i n  f r o n t  o f  th e  body . The f o n r th  in ­

t e r v a l  was a t  t h e  s id e  o f  th e  body and s m a l le r  th a n  th e  t h i r d  

i n t e r v a l .  T he f i f t h  and s i x t h  i n t e r v a l s  w ere  e n t i r e l y  l a t ­

e r a l  to  th e  b o d y .

The t r a c i n g s  o f  th e  i n t e r v a l s  o f  th e  i n d iv i d u a l s  u s in g  

t h e  above elbow  p r o s th e s e s  w ere g e n e r a l l y  much s m a l l e r ,  f i t ­

t i n g  w e ll  w i th in  th e  t r a c i n g s  o f  th e  n o rm al a rm . The f i r s t  

i n t e r v a l  was e x tre m e ly  v a r i a b l e  among s u b j e c t s  b u t  was gen­

e r a l l y  s m a l le r  and  lo w e r .  I t  was a l s o  m ore l a t e r a l l y  d i r e c ­

t e d .  The seco n d  and  t h i r d  i n t e r v a l s  w ere s m a l le r  and d i r e c ­

t e d  l a t e r a l l y .  T he f o u r t h  and  f i f t h  i n t e r v a l s  w ore e n t i r e l y  

l a t e r a l  to  t h e  body b u t n o t  a s  f a r  a s  th o s e  o f  th e  t r a c i n g  

f o r  th e  n o rm al arm#

When co m p arin g  th e  t r a c i n g s  o f  th e  above elbow  group  

w ith  th e  below  elbow  g ro u p , i t  was a p p a re n t  t h a t  th e  t r a c ­

in g s  f o r  th e  above  elbow  p r o s th e s e s  w ere  much s m a l le r  and 

e x te n d e d  n e i t h e r  a s  h ig h ,  a s  lo w , a,s f a r  l a t e r a l l y ,  n o r  a s  

f a r  m e d ia l ly .  T h ese  t r a c i n g s  showed t h a t  a  l a r g e r  p e r c e n t ­

a g e  o f  th e  i n t e r v a l  a r e a s  o f  e a c h  t r a c i n g  w ere d i r e c t e d  l a t ­

e r a l  to  th e  m id l in e .

R e p r e s e n ta t iv e  s u b j e c t s  whose p e rc e n ta g e  d i f f e r e n c e  

v a lu e s  w ere c l o s e s t  to  th e  mean and  th o s e  on e i t h e r  ex trem e  

o f  th e  mean w ere u s e d  to  p ro v id e  d a t a .  The i n t e r v a l  volum es 

o f  th e s e  r e p r e s e n t a t i v e  s u b j e c t s  w ere u se d  to  make s ty ro fo a m  

m o d els  o f  th e  n o rm al and th e  p r o s t h e t i c  work sp a c e s  (Appen­

d i x ) .  T hese  w ere  th e n  c u t  i n  h o r i z o n t a l ,  s a g i t t a l ,  and
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f r o n t a l  s e c t i o n s  and  d raw in g s  made to  show th e  th re e -d im e n ­

s i o n a l  a s p e c t  o f  t h e  work s p a c e  ( F i g u r e s  15 th ro u g h  2 0 )•

The t h r e e  r e p r e s e n t a t i v e  s u b j e c t s  f o r  th e  below  elbow  

g ro u p  o f  am p u tees  c o u ld  n o t  r e a c h  a s  f a r  i n  any  d i r e c t i o n  

w i th  t h e i r  p r o s th e s e s  a s  th e y  c o u ld  w i th  t h e i r  n o rm al arais* 

At t h e  f o u r t h  i n t e r v a l  c lo s e  t o  t h e  body th e  s u b je c t  w i th  

th e  mean p e rc e n ta g e  d i f f e r e n c e  c o u ld  r e a c h  a c ro s s  t h e  m id­

l i n e  o f  h i s  body b u t th e  r e m a in in g  two s u b j e c t s  c o u ld  n o t  

( F ig u r e s  1 5 , 1 6 , 1 7 ) .

The t h r e e  r e p r e s e n t a t i v e  above elbow  s u b je c t s  c o u ld  

n o t  r e a c h  a s  h ig h ,  a s  f a r  p o s t e r i o r l y  o r  a c r o s s  t h e i r  b o d ie s  

a s  c o m p le te ly  w i th  t h e i r  p r o s th e s e s  a s  th e y  c o u ld  w i th  t h e i r  

n o rm al arm s ( F ig u r e s  1 8 , 1 9 , 2 0 ) .  The s u b je c t  w i th  th e  

s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e  c o u ld  r e a c h  a s  low  w ith  h i s  

p r o s t h e s i s  a s  he c o u ld  w i th  h i s  n o rm a l arm b u t t h e  o t h e r  two 

r e p r e s e n t a t i v e  s u b j e c t s  c o u ld  n o t .  Kone c o u ld  r e a c h  a c r o s s  

th e  m id l in e  a t  th e  f o u r t h  i n t e r v a l .

When v ie w in g  th e  d ra w in g s  o f  t h e s e  r e p r e s e n t a t i v e  

s u b j e c t s  a  b im a n u a l a r e a  i s  s e e n  ( F i g u r e s  15 th ro u g h  3 0 ) .  

T h is  i s  th e  a r e a  o f  o v e r la p  o f  th e  n o rm a l and  th e  p r o s t h e t i c  

work sp a c e  i n  w hich  b o th  e x t r e m i t i e s  c a n  do w ork . The b i ­

m anual a r e a  d o e s  n o t  e x te n d  a s  f a r  a s  th e  f o u r t h  i n t e r v a l  

i n  e i t h e r  g ro u p  o f  a m p u te e s . I n  th e  g roup  o f  above elbow  

am pu tees t h e  b im an u a l a r e a  i s  s e e n  t o  be  l e s s  th a n  t h a t  f o r  

th e  g roup  o f  below  elbow  a m p u te e s .
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P ig u r s  1 5 .  S e c t io n s  th ro u g h  th e  m anual work ap ace  
o f  th e  below  elbow  am putee w ith  th e  p e rc e n ta g e  d i f f e r e n c e  
v a lu e  c l o s e s t  to  th e  m ean . The s o l i d  l i n e  r e p r e s e n t s  th e  
work s p a c e  o f  th e  n o rm a l e x t r e m i ty .  The b roken  l i n e  r e p ­
r e s e n t s  th e  work sp a c e  o f  th e  p r o s t h e t i c  e x trs L a ity , The 
a r e a  o f  o v e r la p  i n d i c a t e s  th e  b im anual w ork s p a c e . A* 
H o r iz o n ta l  s e c t i o n  a t  m id -c h e s t  l e v e l .  B» F r o n ta l  s e c t i o n  
a t  th e  f o u r th  i n t e r v a l .  0 ,  S a g i t t a l  s e c t i o n  th ro u g h  th e  
"R" p o i n t .  The d o t te d  l i n e  i n d i c a t e s  t h e  m ost p o s t e r i o r  
e x te n t  o f  th e  work sp a c e  w hich  p r o j e c t s  l a t e r a l  to  t h e  "H" 
p o i n t .
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P ig o r e  1 6 .  S e c t io n s  th ro u g h  th e  m anual w ork sp a c e  
o f  th e  below  elbow  am putee w ith  th e  s m a l l e s t  p e rc e n ta g e  
d i f f e r e n c e .  The s o l i d  l i n e  r e p r e s e n t s  th e  work sp a c e  o f  
th e  n o rm al e x tre m ity *  The b ro k en  l i n e  r e p r e s e n t s  th e  work 
sp a c e  o f  the p r o s t h e t i c  e x t r e m i ty .  The a r e a  o f  o v e r la p  in ­
d i c a t e s  the b im a n u a l w ork s p a c e . A. H o r iz o n ta l  s e c t i o n  a t  
m id -c h e s t  l e v e l .  B . f r o n t a l  s e c t i o n  a t th e  f o u r th  i n t e r ­
v a l .  C. S a g i t t a l  s e c t i o n  th ro u g h  th e  "R" p o i n t .  The d o t­
t e d  l i n e  i n d i c a t e s  th e  m ost p o s t e r i o r  e x te n t  o f  th e  work 
sp a c e  w h ich  p r o j e c t s  l a t e r a l  t o  th e  ‘’R" p o i n t .
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F ig u re  17* S e c t io n s  th ro u g h  th e  m an u a l w ork sp a c e  o f  
th e  below  elbow  am pu tee  w i th  th e  l a r g e s t  p e rc e n ta g e  d i f f e r ­
ence* The s o l i d  l i n e  r e p r e s e n t s  t h e  w ork sp a c e  o f  th e  n o r ­
m al e x t r e j a i ty .  The b ro k e n  l i n e  r e p r e s e n t s  t h e  w ork sp a c e  o f  
th e  p r o s t h e t i c  e x tre m ity *  The a r e a  o f  o v e r la p  i n d i c a t e s  th e  
b im an u al w ork sp ace*  A* H o r iz o n ta l  s e c t i o n  a t  m id -c h e s t  
l e v e l .  B , F r o n t a l  s e c t i o n  a t  t h e  f o u r t h  i n t e r v a l .  C. Sag­
i t t a l  s e c t i o n  th ro u g h  th e  **R** p o i n t .  T he d o t te d  l i n e  i n d i ­
c a t e s  t h e  m o st p o s t e r i o r  e x te n t  o f  th e  w ork  sp a c e  w h ich  p ro ­
j e c t s  l a t e r a l  t o  th e  ’*E** p o in t*
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F ig u re  18* S e c t io n s  th ro u g h  th e  m anual work sp a c e  
o f  t h e  above elbow  am putee w i th  th e  p e rc e n ta g e  d i f f e r ^ c e  
v a lu e  c l o s e s t  t o  th e  mean* î h e  s o l i d  l i n e  r e p r e s e n t s  t h e  
work s p a c e  o f  th e  n o rm al e x tre m ity *  The b ro k en  l i n e  r e p ­
r e s e n t s  th e  w ork s p a c e  o f  t h e  p r o s t h e t i c  e x tre m ity *  The 
a r e a  o f  o v e r la p  i n d i c a t e s  th e  b im an u al w ork space*  A* 
H o r iz o n ta l  s e c t i o n  a t  m id -c h e s t  l e v e l*  B* F r o n t a l  s e c t i o n  
a t  t h e  f o u r t h  i n t e r v a l .  C* S a g i t t a l  s e c t i o n  th ro u g h  th e  
"RM p o in t*  The d o t t e d  l i n e  i n d i c a t e s  t h e  m ost p o s t e r i o r  
e x t e n t  o f  t h e  w ork sp a c e  w h ich  p r o j e c t s  l a t e r a l  to  th e  "H" 
p o in t*
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F ig u re  19* S e c t io n s  th ro u g h  th e  m anutil w ork sp a c e  
o f  th e  above elbow  am putee w i th  t h e  s m a l l e s t  p e rc e n ta g e  
d i f f e r e n c e .  The s o l i d  l i n e  r e p r e s e n t s  th e  w ork sp a c e  o f  
t h e  no rm al e x t r e m i ty .  The b ro k e n  l i n e  r e p r e s e n t s  t h e  w ork 
sp a c e  o f  th e  p r o s t h e t i c  e x t r e m i ty .  The a r e a  o f  o v e r la p  in ­
d i c a t e s  th e  b im a n u a l work, s p a c e .  A. H o r iz o n ta l  s e c t i o n  
a t  m id -c h e s t  l e v e l .  B . F r o n t a l  s e c t i o n  a t  th e  f o u r t h  i n ­
t e r v a l .  G. S a g i t t a l  s e c t i o n  th ro u g h  t h e  *‘R’* p o i n t .  The 
d o t te d  l i n e  i n d i c a t e s  th e  m o st p o s t e r i o r  e x te n t  o f  th e  
work sp ace  w hich  p r o j e c t s  l a t e r a l  t o  th e  "H" p o i n t .
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F ig u re  2 0 . S e c t io n s  through t h e  m anual work sp a c e  o f  
t h e  above  e lbow  am putee w i th  t h e  l a r g e s t  p e rc e n ta g e  d i f f e r ­
e n c e .  The s o l i d  l i n e  r e p r e s e n t s  the w ork s p a c e  o f  the n o r ­
m al e x t r e m i ty .  The b roken  l i n e  r e p r e s e n t s  t h e  work sp a c e  o f  
th e  p r o s t h e t i c  e x t r e m i ty .  The a r e a  o f  o v e r la p  i n d i c a t e s  t h e  
b im a n u s l w ork s p a c e ,  à .  h o r i z o n t a l  s e c t i o n  a t  m id -c h e s t  
l e v e l .  B . F r o n t a l  s e c t i o n  a t  th e  f o u r t h  i n t e r v a l .  C. Sag­
i t t a l  s e c t i o n  th ro u g h  th e  ’’H” p o i n t .  The d o t te d  l i n e  i n d i ­
c a t e s  th e  m ost p o s t e r i o r  e x te n t  o f  t h e  w ork sp a c e  w hich  p ro ­
j e c t s  l a t e r a l  t o  t h e  p o i n t .
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S t a t i s t i c a l  A n a ly s is  

A f t e r  t h e  a r e a s  o f  th e  i n t e r v a l s  w ere d e te rm in e d , th e  

volum es o f  t h e  n o rm al and p r o s t h e t i c  work sp a c e , t h e  volume 

d i f f e r e n c e s  and  th e  p e rc e n ta g e  d i f f e r e n c e s  o f  e ac h  s u b je c t  

w ere com puted* T hese  d a ta  a r e  p r e s e n te d  in  T a b le s  3 and  4* 

The w ork sp a c e  volum es o f  t h e  n o rm al e x t r e m i t i e s  o f  

th e  e le v e n  s u b j e c t s  w i th  balow  elbow  p r o s th e s e s  a v e ra g e d  

3 1 ,0 1 2  c u b ic  in c h e s*  The s ta n d a r d  d e v ia t io n  was 8 ,0 7 4  c u b ic  

in c h e s .  In  t h e  g roup  o f  s u b j e c t s  w i th  above elbow  p r o s th e s e s  

th e  w ork sp a c e  volum es o f  th e  n o rm al e x t r e m ity  a v e ra g e d  30 ,  

156 c u b ic  in c h e s .  The s ta n d a rd  d e v ia t i o n  was 1 1 ,4 9 7  c u b ic  

in c h e s .

I n  th e  below  elbow group  th e  work sp a ce  volum es o f  

th e  p r o s t h e t i c  e x t r e m i t i e s  a v e ra g e d  1 7 ,2 4 1  c u b ic  i n c h e s .

The s ta n d a r d  d e v ia t io n  was 6 ,1 4 5  c u b ic  in c h e s .  In  th e  g roup  

o f  above  elbow  s u b je c t s  th e  w ork s p a c e  volum es o f  th e  p r o s ­

t h e t i c  e x t r e m i t i e s  a v e rag e d  5 ,4 5 3  c u b ic  in c h e s .  The s ta n d ­

a rd  d e v ia t i o n  was 4 ,735  c u b ic  in c h e s .

The d i f f e r e n c e  betw een th e  n o rm al and th e  p r o s t h e t i c  

volum es i n  t h e  g roup  o f  s u b j e c t s  w i th  below  elbow p r o s th e s e s  

a v e ra g e d  1 3 ,3 6 2  c u b ic  in ch e s*  T he s ta n d a r d  d e v ia t io n  was 

4 ,5 5 1  c u b ic  i n c h e s .  The p e rc e n ta g e  d i f f e r e n c e  a v e ra g e d  45 

p e r  c e n t .  The s ta n d a rd  d e v ia t io n  was 12 p e r  c e n t .  I n  t h e  

group  o f  s u b j e c t s  w ith  above e lbow  p r o s th e s e s  th e  d i f f e r e n c e  

in  volum e a v e ra g e d  24 ,704  c u b ic  in c h e s .  The s ta n d a r d  d e v i­

a t i o n  w as 3 ,3 5 3  c u b ic  in c h e s .  T he p e rc e n ta g e  d i f f e r e n c e
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ÎABLE 3

¥ÛliüMES OF BSLOf SLH)W iléPUÎISS

S u b je c t
n o rm al 
Volume 
C ubic 

I n  In c h e s

P r o s t h e t i c  
Volume 
C ubic 

In  In c h e s

D if f e r e n c e  
i n  Volume 

C ubic 
I n  In c h e s

P e rc e n ta g e
D if f e r e n c e

In

A 2 7 ,4 0 2 21 ,890 5 ,5 1 2 2 0 .1

B 3 1 ,5 3 2 22 ,179 9 ,3 5 3 2 9 .6

C 4 9 ,3 3 4 3 0 ,1 7 8 1 9 ,1 5 6 3 8 .8

3) 25 ,790 1 4 ,9 1 4 1 0 ,9 7 6 4 2 .5

E 38 ,7 3 9 21 ,463 1 7 ,2 7 6 4 4 .5 *

P 3 2 ,7 4 2 1 7 ,1 6 1 1 5 ,5 8 1 4 7 .6

G 2 9 ,2 2 0 * 1 4 ,8 2 1 * 1 4 ,3 9 9 * 4 9 .3

H 2 5 ,3 0 4 1 2 ,7 1 1 1 3 ,5 9 3 4 9 .7

I 1 6 ,1 6 9 8 ,4 9 2 9 ,6 7 7 5 3 .3

J 99 ,030 12%211 1 6 :8 1 9 5 7 ,9

% 3 3 ,874 1 3 ,7 2 6 20 ,1 4 8 5 9 .5

Mean 3 1 ,0 1 2 1 7 ,2 4 1 1 3 ,8 6 2 4 4 ,8

S ta n d a rd
D e v ia t io n 8 ,0 7 4 6 ,145 4 ,5 5 1 12

m = m ed ian
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ÏABLE 4

m u m m  q i  éumïm am puîses

STZbjeoti

H o ra a l 
Vblome 
Oiabie 

I n  In c h e s

P r o s t h e t i c  
Volume 
C ubic 

I n  In c h e s

D if f e r e n c e  P e rc e n ta g e  
in  Volume D if f e r e n c e  

C ubic I n
In  In c h e s  #

A 4 4 ,8 3 4 1 5 ,1 7 3 29 ,656 6 6 .3

B 22 ,831 5 ,6 4 4 1 7 ,1 8 7 7 5 .3

C : 5 2 ,6 9 9 1 1 ,4 9 4 41 ,205 7 8 .2

B 25 ,2 0 3 * 3 ,7 5 8 21 ,4 4 5 * 8 5 .1

S 1 8 ,9 2 1 2 ,7 8 6 1 6 ,1 3 6 8 5 .3 *

P 22 ,234 3 ,1 0 3 1 9 ,1 3 1 86

G 2 3 ,2 5 2 3 ,0 9 2 20 ,160 8 6 .6

H 27 ,6 8 4 3 ,3 2 2 * 2 4 ,3 6 2 88

I 3 3 ,753 698 33 ,055 9 7 .9

Mean 3 0 ,1 5 6 5 ,4 5 3 2 4 ,7 0 4 83

S ta n d a rd
D e v ia t io n 1 1 ,4 9 7 4 ,7 3 5 8 ,3 5 3 8 .9

m «  m ed ian
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a v e ra g e d  83  per c e n t ,  The s ta n d a r d  d e v i a t i o n  was 8 ,9  p e r  

c e n t*

The n o rm a l and  p r o s t h e t i c  v o lum es o f  t h e  s u b je c t s  i n  

b o th  g ro u p s  w i th  t h e  p e rc e n ta g e  d i f f e r e n c e s  c l o s e s t  to  th e  

mean and  on  e i t h e r  extremes o f  th e  m ean a r e  shown g r a p h ic a l ly  

i n  F ig u r e s  21 th ro u g h  2 6 , The i n t e r v a l  vo lum es a r e  p l o t t e d  

a t  s i x  in c h  i n t e r v a l s  from  th e  p o in t*  The d i f f e r e n c e  i n  

volum es i s  the a r e a  between t h e  s o l i d  an d  broken l i n e s .

The r e d u c t io n s  i n  volum es due to  the above o r  below  

e lbow  p r o s t h e s e s  o f  th e s e  s u b je c t s  a r e  s e e n  g r a p h ic a l ly  i n  

F ig u r e s  27 and  2 8 ,  The work sp a c e  volum e o f  th e  norm al ex­

t r e m i t y  i s  com pared  to  th e  work sp a c e  volum e o f  th e  p ro s ­

t h e t i c  e x tre m ity *  The shaded  a r e a  r e p r e s e n t s  th e  amount o f  

w ork sp a c e  volum e t h a t  i s  l o s t  when t h e  p ro sth e s is  r e p la c e s  

th e  n o rm a l e x tre m ity *  I n  F ig u re  27 t h e  w ork sp a c e  volum es 

f o r  th e  th ree b e lo w  elbow s u b j e c t s  show s t h a t  th e  s u b je c t  

w ith  the s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e  l o s t  Z) p e r  c e n t  o f  

t h e  n o rm a l work space*  The s u b je c t  w i th  t h e  l a r g e s t  p e r c e n t ­

a g e  d i f f e r e n c e  l o s t  60 per c e n t  and  t h e  s u b j e c t  w i th  t h e  p e r ­

c e n ta g e  d i f f e r e n c e  c l o s e s t  to  th e  mean l o s t  45 per c e n t .  I n  

F ig u r e  28 the w ork s p a c e  volum es f o r  t h e  t h r e e  above elbow  

s u b j e c t s  show s t h a t  th e  s u b je c t  w i th  th e  s m a l l e s t  p e rc e n ta g e  

d i f f e r e n c e  l o s t  66  p e r  c e n t  o f  th e  n o rm a l w ork s p a c e . The 

s u b j e c t  w i th  t h e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e  l o s t  97*9 p e r  

c e n t  and t h e  s u b j e c t  w i th  th e  p e r c e n ta g e  d i f f e r e n c e  c l o s e s t  

t o  t h e  mean l o s t  85  p e r  c e n t .
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l i g u r e  2 1 . A g ra p h  i l l u e t r a t i n g  t h e  n o rm al and p r o s ­
t h e t i c  i n t e r v a l  vo lum es o f  t h e  he low  elbow  am putee w ith  t h e  
p e rc e n ta g e  d i f f e r e n c e  v a lu e  c l o s e s t  t o  t h e  m ean. The i n t e r ­
v a l  vo lum es a r e  p l o t t e d  a t  s i x  in c h  i n t e r v a l s  from  th e  '*R“ 
p o i n t .  The s o l i d  l i n e  r e p r e s e n t s  t h e  w ork sp a c e  volum e o f  
t h e  n o rm a l e x t r e m i ty .  The b ro k e n  l i n e  r e p r e s e n t s  th e  w ork 
sp a c e  volum e o f  t h e  p r o s t h e t i c  e x t r e m i ty .  The t o t a l  n o rm al 
work sp a c e  volum e i s  th e  a r e a  below  th e  s o l i d  l i n e  ( 3 8 ,7 3 9  
c u . i n . ) . T he t o t a l  p r o s t h e t i c  w ork sp a c e  volume i s  th e  
a r e a  below  t h e  b ro k e n  l i n e  (2 1 ,4 6 3  c u .  i n . ) .  The a r e a  be­
tw een  t h e  l i n e s  i s  th e  d i f f e r e n c e  i n  volum e (1 5 ,2 7 3  c u . i n . ) .
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F ig u re  22* A g ra p h  i l l u s t r a t i n g  th e  n o n a a l  and  p ro s ­
t h e t i c  i n t e r v a l  volum es o f  t h e  below  elbow  am putee  w i th  th e  
s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e .  The i n t e r v a l  volum es a r e  
p l o t t e d  a t  s i x  in c h  i n t e r v a l s  from  t h e  '•R” p o i n t .  T he s o l i d ,  
l i n e  r e p r e s e n t s  t h e  w ork sp a c e  volume o f  th e  no rm al e x tr e m ity .  
The b ro k e n  l i n e  r e p r e s e n t s  th e  w ork sp a c e  volum e o f  t h e  p ro s ­
t h e t i c  e x t r e m i ty .  The t o t a l  no rm al w ork sp a c e  volum e i s  th e  
a r e a  below  th e  s o l i d  l i n e  (2 7 ,4 0 2  c u . i n . ) .  The t o t a l  p ro s ­
t h e t i c  w ork sp a ce  volum e i s  t h e  a r e a  below  th e  b ro k en  l i n e  
( 2 1 ,8 3 0  c u .  i n . ) .  The a r e a  betw een  th e  l i n e s  i s  th e  d i f f e r ­
en ce  i n  volum e (5 ,5 1 2  cu* i n . ) .
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F ig u re  23* A g ra p h  i l l u s t r a t i n g  th e  n o ia ia l  a n d y p ro s -  
t h e t i c  i n t e r v a l  vo lum es o f  th e  below  elbow  am putee  w i th  th e  
l a r g e s t  p e rc e n ta g e  d i f f e r e n c e .  I 'h s  i n t e r v a l  vo lum es a r e  
p l o t t e d  a t  s i x  in c h  i n t e r v a l s  from  t h e  “H" p o in t*  The s o l i d  
l i n e  r e p r e s e n t s  th e  w ork sp a c e  volume o f  t h e  n o rm a l ex trem ­
i t y .  The b ro k en  l i n e  r e p r e s e n t s  t h e  w ork s p a c e  volum e o f  
t h e  p r o s t h e t i c  e x t r e m i ty .  The t o t a l  n o rm a l w ork  s p a c e  volume 
i s  th e  a r e a  below  t h e  s o l i d  l i n e  (33*874  c u .  i n . ) .  The t o t a l  
p r o s t h e t i c  w ork s p a c e  volum e i s  t h e  a r e a  be low  t h e  b ro k en  
l i n e  (13*726  c u .  i n . ) .  The a r e a  be tw een  t h e  l i n e s  i s  th e  
d i f f e r e n c e  i n  volum e (2 0 .1 4 8  c u . i n . ) .
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F ig u re  2 4 . A g rap h  i l l u a t r a t i i n g  t h e  nojKaal and  p ro s ­
t h e t i c  i n t e r v a l  volum es o f  th e  above elhow  am putee w ith  th e  
p e rc e n ta g e  d i f f e r e n c e  v a lu e  c l o s e s t  t o  t h e  m ean. T he i n t e r ­
v a l  volum es a r e  p l o t t e d  a t  s i x  in c h  i n t e r v a l s  from t h e  **S" 
p o i n t .  T he s o l i d  l i n e  r e p r e s e n t s  th e  work sp a c e  volum e o f  
th e  n o rm al e x t r e m i ty . The b ro k en  l i n e  r e p r e s e n t s  t h e  work 
sp a c e  volum e o f  t h e  p r o s t h e t i c  e x tr e m ity  & The t o t a l  no rm al 
work s p a c e  volum e i s  th e  a r e a  below  th e  s o l i d  l i n e  (25 ,203  
c u , i n . )  * The t o t a l  p r o s t h e t i c  work sp a c e  volume i s  the 
a r e a  below  th e  b ro k e n  l i n e  (3 ,7 5 8  c u , in * )*  The a r e a  be­
tw een t h e  l i n e s  i s  t h e  d i f f e r e n c e  i n  volum e (22,445 c u . i n . ) .
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f i g u r e  25* A g ra p h  i l l u s t r a t i n g  t h e  n o rm al and  p ro s ­
t h e t i c  i n t e r v a l  volum es o f  th e  above e lbow  am putee w ith  th e  
s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e *  The i n t e r v a l  volum es a r e  
p l o t t e d  a t  s i x  in c h  i n t e r v a l s  from  th e  p o in t*  The s o l i d  
l i n e  r e p r e s e n t s  th e  work sp a c e  volume o f  th e  n o rm al ex trem ­
i ty *  The b ro k en  l i n e  r e p r e s e n t s  th e  w ork sp a c e  volum e o f  
t h e  p r o s t h e t i c  e x t r e m i ty .  The t o t a l  n o rm a l w ork sp a c e  volume 
i s  th e  a r e a  be low  th e  s o l i d  l i n e  (44*834  cu* i n . ) . The t o t a l  
p r o s t h e t i c  work sp a c e  volum e i s  th e  a r e a  be low  th e  b ro k en  
l i n e  (15*178  c u ,  i n * ) .  The a r e a  be tw een  th e  l i n e s  i s  th e  
d i f f e r e n c e  i n  volum e (2 9 ,6 5 6  c u .  i n * ) .
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F ig u re  26* A g ra p h  i l l u s t r a t i n g  th e  n o m ia l and  p r o s ­
t h e t i c  i n t e r v a l  vo lum es o f  t h e  above elbow  am putee w ith, t h e  
l a r g e s t  p e rc e n ta g e  d i f f e r e n c e *  The i n t e r v a l  volum es a r e  
p l o t t e d  a t  s i x  in c h  i n t e r v a l s  from  th e  “R" p o in t.-  The s o l i d  
l i n e  r e p r e s e n t s  t h e  w ork sp a c e  volum e o f  t h e  n o rm al ex trem ­
i ty *  The b ro k e n  l i n e  r e p r e s e n t s  t h e  w ork s p a c e  volum e o f  
t h e  p r o s t h e t i c  e x tre m ity *  The t o t a l  n o rm a l w ork sp a c e  volume 
i s  th e  a r e a  below  th e  s o l i d  l i n e  (33*753  cu* i n * ) , The t o t a l  
p r o s t h e t i c  w ork s p a c e  volum e i s  th e  a r e a  be low  th e  b ro k en  
l i n e  (6 9 8  c u . i n . ) .  The a r e a  be tw een  th e  l i n e s  i s  th e  d i f f e r ­
en ce  i n  volum e (33*055  c u . i n . ) .
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F ig u re  27* A b a r  g rap h  i l l u s t r a t i n g  th e  n o rm al ana  
p r o s t h e t i c  w ork sp a c e  volum es f o r  th e  r e p r e s e n t a t i v e  below  
elbow am putees*  N s ta n d s  f o r  th e  work s p a c e  volum e o f  th e  
no rm al e x t r e m i ty  and  P f o r  th e  work sp a c e  volum e o f  th e  
p r o s t h e t i c  e x t r e m i ty .  The sh ad ed  a r e a  r e p r e s e n t s  th e  
amount o f  work sp a c e  volume t h a t  h a s  b een  l o s t  when th e  
p r o s t h e s i s  r e p l a c e s  t h e  no rm al e x t r e m i ty .  A. The volum es 
o f  th e  s u b je c t  w i th  t h e  s m a l le s t  p e rc e n ta g e  d i f f e r e n c e .
The n o rm al work sp a c e  h a s  been  re d u c e d  by 30 p e r  c e n t .  B . 
The volum es o f  th e  s u b je c t  w ith  th e  l a r g e s t  p e rc e n ta g e  
d i f f e r e n c e .  T he n o rm al w ork sp a c e  h a s  b e en  re d u c e d  by 60 
p e r  c e n t .  0 .  The volum es o f  th e  s u b je c t  w i th  th e  p e r c e n t ­
ag e  d i f f e r e n c e  v a lu e  c l o s e s t  to  th e  m ean. The no rm al work 
sp a ce  h a s  b een  re d u c e d  by 4-5 p e r  c e n t .
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i ’i g a r e  2 8 . A b a r  g ra p h  i l l u s t r a t i n g  th e  n o n a a l  and  
p r o s t h e t i c  w ork sp a c e  volum es f o r  th e  r e p r e s e n t a t i v e  above 
e lbow  a m p u te e s . Ê s ta n d s  f o r  t h e  w ork sp a c e  volum e o f  th e  
n o rm a l e x t r e m i ty  and  P f o r  t h e  w ork sp a c e  volum e o f  th e  
p r o s t h e t i c  e x t r e m i ty .  The sh a d ed  a r e a  r e p r e s e n t s  t h e  am ount 
o f  w ork sp a c e  volum e t h a t  h a s  been  l o s t  when th e  p r o s t h e s i s  
r e p l a c e s  t h e  n o rm a l e x t r e m i ty .  A. The volum es o f  t h e  sub­
j e c t  w i th  th e  s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e .  The n o rm al 
w ork s p a c e  h a s  been  re d u c e d  by 66 p e r  c e n t .  B. T he v o l ­
umes o f  t h e  s u b j e c t  w i th  t h e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e *  
T he n o rm a l w ork sp a c e  h a s  b e e n  re d u c e d  by  97*9 p e r  c e n t .
G. The volum es o f  th e  s u b j e c t  w i th  t h e  p e rc e n ta g e  d i f f e r ­
en ce  v a lu e  c l o s e s t  t o  t h e  m ean. The n o rm al w ork sp a c e  h a s  
b een  re d u c e d  by 85 p e r  c e n t*
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C o e f f i c i e n t s  o f  v a r i a t i o n  w ere  com puted  from  th e  d a ta  

c o l l e c t e d  from  a l l  am p u tees . T he c o e f f i c i e n t s  o f  v a r i a t i o n  

a r e  e x p re s s e d  i n  p e r  c e n t s  and  th e  lo w e r  t h e  n u m e ric a l v a lu e  

t h e  lo w e r  the v a r i a t i o n .  I n  th e  g ro u p  w i th  below  elbow  p r o s -  

t h e s e s  t h e  p r o s t h e t i c  volume was s l i g h t l y  m ore v a r i a b le  th a n  

the n o rm a l volum e. A cco rd in g  to  t h e  c o e f f i c i e n t s  o f  v a r i a ­

t i o n  fo u n d  f o r  p r o s t h e t i c  e x tr e m i ty  l e n g t h  com pared to  n o r ­

m al l e n g t h ,  age, h e ig h t ,  weight, stum p l e n g t h ,  and  tim e  w orn , 

the t im e  worn was t h e  m ost v a r i a b l e  and  t h e  height was th e  

l e a s t  v a r i a b l e  f a c t o r  (T a b le  5).  I n  th e  g roup  o f  s u b je c t s  

with above elbow  p r o s th e s e s ,  th e  n o rm a l volum es w ere  l e s s  

v a r i a b l e  among s u b je c t s  th a n  w ere t h e  p r o s t h e t i c  vo lum es. 

A c c o rd in g  to  the c o e f f i c i e n t s  o f  v a r i a t i o n  found  f o r  age, 
h e i g h t ,  w e ig h t ,  stum p l e n g t h ,  t im e  w orn , and  p r o s t h e t i c  ex­

t r e m i ty  l e n g t h  ( com pared to  n o rm al l e n g t h ) , the p r o s t h e t i c  

e x t r e m i ty  l e n g th  was th e  m ost v a r i a b l e  f a c t o r  and th e  h e ig h t  

was the l e a s t  v a r i a b l e  (T a b le  5)*
The n o rm al volum es w ere  s l i g h t l y  m ore v a r i a b le  in  th e  

above e lbow  g ro u p . The p r o s t h e t i c  volum e was much m ore v a r i ­

a b le  i n  th e  above elbow  g ro u p . The d i f f e r e n c e  volum es w ere 

e s s e n t i a l l y  th e  same i n  r e s p e c t  to  v a r i a b i l i t y .  The p e r c e n t ­

age  d i f f e r e n c e s  w ere  more v a r i a b l e  i n  t h e  below  elbow  group* 

T h e re  was some d i f f e r e n c e  i n  th e  v a r i a b i l i t y  o f  tim e  worn 

and  th e  stum p l e n g th  b u t i n  th e  o t h e r  m easu rem en ts t h e r e  was 

no n o t i c e a b l e  d i f f e r e n c e .  I n  th e  be low  elbow  group  th e  t im e  

worn was m ore v a r i a b l e  th a n  i n  th e  above  elbow  group* The
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TABLE 5 

OOEBFICIEETS OE VARIATION

M eaaurem ents Below Elbow Above Elbow

lo jm a l  Voliame 26 3 8 .1

P r o s th e t i c  V o lm e 3 5 .6 8 6 .8

D if f e r e n c e  i n  V o lm e 3 2 .6 3 3 .8

P e rc e n ta g e  D i f f e r e n c e 26 .3 1 0 .7

Age 3 7 .3 3 1 .5

H e ig h t 3 .3 4 .5

W e ig h t 1 6 .7 1 8 .5

Stump L en g th 1 8 ,2 2 9 .4

Time Worn 8 4 .9 6 9 .2

P r o s th e t i c  E x tre m ity  
L en g th  (Com pared to  
Koxmal L eng th )

7 7 .8 7 1 .5



97

a t m p  l e n g t h  was m ore v a r i a b l e  i n  t h e  above  elbow  group»

I n  t h e  g ro u p  w ith  th e  above  elbow  p r o s th e s e s  th e  r a n k  

c o r r e l a t i o n  c o e f f i c i e n t  was fo u n d  f o r  th e  d i f f e r e n c e  i n  v o l­

umes v e r s u s  t h e  n o rm a l vo lum e, p r o s t h e t i c  vo lum e, a g e , 

h e i g h t ,  w e ig h t ,  stum p l e n g t h ,  t im e  w o rn , and  p r o s t h e t i c  ex­

t r e m i t y  l e n g t h  (T a b le  6 ) ,  T h e re  was a  s i g n i f i c a n t  c o rre la ^ -  

t i o n  be tw een  th e  d i f f e r e n c e  i n  volume and  th e  n o im a l volume 

a t  th e  .0 1  l e v e l  and  f o r  t h e  d i f f e r e n c e  i n  volum e and th e  

h e ig h t  a t  th e  .1 0  l e v e l*  The ra n k  c o r r e l a t i o n  c o e f f i c i e n t  

was fo u n d  f o r  t h e  n o rm al volum e v e r s u s  t h e  a g e , h e ig h t ,  and  

w e ig h t o f  th e  s u b j e c t s  ( f a b l e  6) • , The o n ly  s i g n i f i c a n t  c o r ­

r e l a t i o n  was f o r  h e ig h t  w h ich  w a s . s i g n i f i c a n t  a t  t h e , .05  

l e v e l .  When th e  p r o s t h e t i c  a r e a  was c o r r e l a t e d  w i t h . t h e  

a g e , h e i g h t ,  w e ig h t ,  stum p l e n g t h ,  t im e  w o rn , and  p r o s t h e t i c  

e x t r e m i ty  l e n g t h ,  th e  o n ly  s i g n i f i c a n t  c o r r e l a t i o n  w as f o r  

w e ig h t a t  th e  .0 5  l e v e l  ( f a b l e  6 ) .

I n  t h e  g ro u p  w ith  th e  below  elbow  p r o s t h e s e s , , t h e  

d i f f e r e n c e  volum e was c o r r e l a t e d  w ith  th e  n o rm al volum e, 

prosthetic vo lum e, a g e , h e i g h t ,  w e ig h t ,  stump l e n g t h ,  t im e  

v /om , and  p r o s t h e t i c  e x t r e m i ty  l e n g th  ( f a b l e  6 ) .  The o n ly  

s i g n i f i c a n t  c o r r e l a t i o n  was f o r  th e  n o rm al volum e a t  t h e  .0 5  

l e v e l .  No s i g n i f i c a n t  c o r r e l a t i o n  was fo u n d  when t h e  n o rm al 

volum e was com paredl^to t h e  a g e ,  h e ig h t  o r  w e ig h t .  T h e re  was 

a l s o  no  s i g n i f i c a n t  c o r r e l a t i o n  when t h e  p r o s t h e t i c  volum e : 

was com pared to  t h e  a g e , h e ig h t ,  w e ig h t ,  stum p l e n g t h ,  t im e  

v /om , and  p r o s t h e t i c  e x t r e m i ty  l e n g th  (T a b le  6) •



TABLE 6  

RANK CORRELATIONS

BELOW ELBOW ABOVE ELBOW
Difference
Volume

Normal
Volume

Prosthetic
Volume

Difference
Volume

Normal
Volume Prosthetic

Volume

Normal Volume 0.71 0.97
Prosthetic Volume -0.0% 0.30
Age 0.40 0.22 0.00 0.14 0 .2 3 0.24
Height -0.21 0.42 0.42 0 .6 3 0 .7 1 0 .4 7

Weight —0*2^ 0 .3 0 0 ,3 0 0 .2 6 0.41 0.68
Stump Length -0.15 0.15 -0 .6 0 0 .1 7

Time Worn 0,51 -0.09 0 .3 8 0 .2 3

Prosthetic Ex­
tremity Length

0,45 0.32 -0.33 0.00

VO
00
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The W ilcoxin '-M am i-W hitney u  t e e t  was a p p l i e d  t o  t h e  

p e rc e n ta g e  d i f f e r e n c e s  and  th e  d i f f e r e n c e  v o ln $ e s  b e tw een  

th e  above elbow  g ro u p  and  th e  below  elbow  group* The d i f ­

f e r e n c e s  b e tw een  t h e  p e rc e n ta g e  d i f f e r e n c e s  and  th e  d i f f e r ­

e n c e s  in  volum e i n  th e  two g ro u p s  w ere fo u n d  to  b e  s i g n i f i ­

c a n t .  The t e s t  was a l s o  a p p l ie d  t o  d e te rm in e  i f  t h e  p e r ­

c e n ta g e  d i f f e r e n c e  v a r i e d  s i g n i f i c a n t l y  i f  th e  s u b j e c t  had  

a  r i g h t  o r  l e f t  p r o s th e s i s *  F o r  b o th  t h e  above e lbow  g roup  

and th e  below  e lbow  g ro u p  t h e r e  was no s i g n i f i c a n t  d i f f e r ­

en ce  a c c o rd in g  t o  th e  u  t e s t *



CHAPÎEH IV  

DISCUSSION

The d e g re e s  o f  freedom  o f  m o tio n  t h a t  th e  segm ents

o f  th e  body p o s s e s s  a r e  o b ta in e d  by th e  sum m ation o f  m o tio n

o f  two o r  m ore j o i n t s .  The h ig h  d e g re e  o f  freedom  o f  m o tion

o f  t h e  hand  i n  r e l a t i o n  to  th e  t r u n k  i s  a  r e s u l t  o f  th e  f r e e ­

dom o f  m o tio n  o f  t h e  j o i n t s  o f  th e  v a r io u s  segm en ts o f  th e  

u p p e r  e x t r e m i ty .  A cco rd in g  to  B ru n n stro m  (1962 ) th e  e x p re s ­

s io n  "degrees o f  freedom  o f  m o tio n "  was o r i g i n a l l y  c o in e d  by 

R eu leux  i n  1375 f o r  u se  i n  e n g in e e r in g .  I t  was a d a p te d  to  

fo iom echanics by P is& h e r  i n  1907 . T h is  freed o m  c o n s t i t u t e s  

t h e  m e c h a n ic a l b a s i s  f o r  th e  p e rfo rm an c e  o f  s k i l l e d  m anual 

a c t i v i t i e s .  The freed o m  o f  m o tio n  o f  a l l  the j o i n t s  o f  th e  

u p p e r  e x t r e m i ty  i s  a  v e ry  im p o r ta n t  f a c t o r  i n  d e te rm in in g  

th e  w ork space*

The te rm  " k in e m a tic  c h a in "  i s  a l s o  a p p l i c a b l e  to  th e  

movement o f  t h e  h an d  in  s p a c e . T h is  e x p re s s io n  was a l s o  i n ­

t ro d u c e d  by R e u le u x . The te rm  r e f e r s  to  a  c o m b in a tio n  o f  

s e v e r a l  j o i n t s  u n i t i n g  s u c c e s s iv e  segm ents*  I n  a n  open k in ­

e m a tic  c h a in  th e  d i s t a l  segm ent t e r m in a t e s  f r e e  i n  s p a c e , 

w h i le  i n  a  c lo s e d  c h a in  th e  end segm en ts  a r e  u n i t e d  t o  fo rm

100
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a  r i n g  o r  c lo s e d  c ir c u i i ;*  The hand  r e p r e s e n t s  th e  end  mem­

b e r  o f  a n  open  k in e m a tic  c h a in  an d  i t  h a s  a  g r e a t  e x c u r s io n  

due to  th e  freed o m  o f  m o tio n  o f  a l l  t h e  j o i n t s  i n  t h e  k in e ­

m a tic  c h a in  o f  t h e  u p p e r  e x t r e m i ty .

I f  movement o f  an  i n d iv i d u a l  j o i n t  i s  r e s t r i c t e d ,  mo­

t i o n  o f  th e  e n t i r e  arm com plex w i l l  b e  r e s t r i c t e d ,  an d  t h e  

work sp a c e  w i l l  be  d e c re a s e d . In  th e  s tu d y  by H o a ie r  (1970 ) 

t h e  s c a p u la  w as r e s t r i c t e d  by  s h o u ld e r  b e l t s  to  p r e v e n t  up ­

w ard r o t a t i o n ,  e le v a t io n  and  p r o t r a c t i o n .  T h is  r e s t r i c t i o n  

c a u se d  a  d e c r e a s e  i n  th e  m anual work sp a c e  o f  54 p e r  c e n t .

I n  t h e  p r e s e n t  s tu d y  th e  freedom  o f  m o tio n  i s  d r a s t i c a l l y  

re d u c e d  by  th e  l o s s  o f  th e  j o i n t s  o f  th e  hand , w r i s t  and  e l ­

bow, The p r o s t h e s i s  w hich i s  su p p o sed  to  r e p la c e  t h e  l o s t  

j o i n t s  does n o t  r e - e s t a b l i s h  th e  freed o m  o f  m o tio n  o f  th e  

i n t a c t  e x t r e m i ty .  W ith a  below  elbow  p r o s t h e s i s  t h e r e  was 

an  a v e ra g e  d e c r e a s e  in  th e  w ork sp a c e  o f  45 p e r  c e n t  and  

w ith  an  above elbow  p r o s t h e s i s  t h e r e  was an  a v e ra g e  d e c r e a s e  

o f  83 p e r  c e n t ,

P r o s th e s e s

The t y p i c a l  c o n t r o l  sy s te m  o f  a p r o s t h e s i s  c o n s i s t s  

o f  a  c a b le  w i th  t e r m in a l  f i t t i n g s  and  a  h o u s in g  f o r  t h e  

c a b l e .  One end o f  th e  c a b le  i s  a t t a c h e d  to  a  h a rn e s s e d  body 

c o n t r o l  p o in t  and th e  o th e r  end i s  a t t a c h e d  to  th e  p o i n t  o f  

o p e r a t io n  o f  t h e  te rm in a l  d e v ic e *  T he e f f i c i e n c y  o f  th e  con­

t r o l  i s  a  c r i t i c a l  f a c t o r  i n  p r o s t h e t i c  o p e r a t io n .
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Tae below  elbow  p r o a t h e s i s  p r o v id e s  s u b s t i t u t e s  f o r  

hand  p r e h e n s io n ,  an d  w r i s t  r o t a t io n *  I n  be low  elbow  aapUi- 

t a t i o n s  the f u n c t io n s  o f  th e  hand and w r i s t  a r e  a b s e n t  b u t  

th o s e  o f  th e  p a r t i a l  fo re a rm , e lbow , a n d  s h o u ld e r  rem ain*

The harness serves t o  su sp en d  the p r o s t h e s i s  and t o  p ro v id e  

th e  r e a c t i o n  p o i n t  f o r  c o n t r o l  o f  i t s  o p e r a t i o n .

The u n i l a t e r a l  be low  elbow h a r n e s s  c o n s i s t s  o f  a  web­

b in g  s t r a p  i n  a  f i g u r e  8 p a t t e r n  w i th  a n  o p en  en d . The r i n g  

h a r n e s s ,  a  m o d i f i c a t io n  o f  th e  f i g u r e  8 h a r n e s s ,  c o n s i s t s  o f  

a  s t a i n l e s s  s t e e l  ring a t  th e  back  c r o s s  o f  t h e  w ebbing 

s t r a p .  T h is  s e r v e s  a s  the d i s t r i b u t i o n  p o i n t  f o r  th e  f o u r  

d iv e r g in g  w ebb ing  s t r a p s .  The u n i l a t e r a l  be low  elbow l e a t h e r  

h a r n e s s  h a s  a  s h o u ld e r  s a d d le  i n s t e a d  o f  a  f r o n t  s u p p o r t  

s t r a p  t o  b e a r  t h e  b u lk  o f  th e  a x i a l  lo a d *  W ith  t h i s  ty p e  o f  

h a r n e s s  th e  w e a re r  c a n  c a r r y  h e a v ie r  l o a d s  w i th o u t  s u f f e r i n g  

d is c o m fo r t  c a u se d  by c o n c e n t r a t io n  o f  p r e s s u r e .

I n  above elbow  a m p u ta tio n s  the f u n c t i o n s  o f  th e  s h o u l­

d e r  and  arm stump remain and  th e  f u n c t i o n s  o f  th e  h an d , 

w r i s t ,  fo re a rm , and elbow  m ust be r e p l a c e d  b y  a p r o a th e s i s *  

The h a rn e s s  m ust t r a n s m i t  power t o  f l e x  t h e  p r o s t h e t i c  f o r e -  

a r a ,  lo c k  and  u n lo c k  t h e  e lbow , and  t o  o p e r a te  th e  te r m in a l  

d e v ic e .  The ab o v e  e lbow  h a rn e s s  d ep en d s up o n  th e  f i g u r e  8 

p a t t e r n  as t h e  b a s i c  s t r a p *  A r i n g  h a r n e s s  may a l s o  b e  u s e d .  

A d d i t io n a l  s t r a p s  a r e  r e q u i r e d  f o r  s o c k e t  s u s p e n s io n  and  in ­

t e g r a t i o n .  I f  t h e  am pu tee  i s  r e q u i r e d  t o  lift heavy  lo a d s  

t h e  h a rn e s s  may c a u s e  p a in f u l  p r e s s u r e  c o n c e n t r a t i o n s .  As
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in. t h e  be low  elbow  p r o s t h e s i s ,  a  l e a t h e r  sh o u lc le r  s a d d le  may 

be  u se d  t o  p r e v e n t  t h e s e  c o n c e n tr a t io n s *

Due to  th e  d i f f e r e n c e s  o f  th e  ty p e s  o f  h a r n e s s e s  and  

c o n t r o l  sy s te m s  u s e d  by th e  s u b j e c t s  in  t h i s  s tu d y  a  d e f i n i t e  

r e l a t i o n s h i p  c o u ld  n o t  be  e s t a b l i s h e d  betw een  ty p e s  o f  h a r ­

n e s s e s  and  th e  am ount o f  p r o s t h e t i c  w ork space#  T h e re  i s  a  

p o s s i b i l i t y  t h a t  a i l  o f  th e  harnesses i n  w h ich  th e  o p p o s i te  

s h o u ld e r  i s  u se d  a s  an  a n c h o r  p o in t  may r e s t r i c t  movement o f  

t h a t  s h o u ld e r .  How ever, i f  we com pare the a v e ra g e  w ork sp a c e  

vo lum es o f  t h e  n o rm al e x t r e m i t i e s  fo u n d  i n  t h i s  s tu d y  ( 3 0 ,  

584 ) w i th  th o s e  d e te rm in e d  by H o a ie r  (1970) ( 2 8 ,2 1 1 ) ,  i t  ap ­

p e a r s  t h a t  t h e  s h o u ld e r  h a r n e s s e s  u se d  by  am p u tees do n o t  

c a u s e  r e s t r i c t i o n  o f  th e  w ork space*

I n  t h i s  s tu d y  th e  t e r m in a l  d e v ic e s  w ere  n o t  a c t u a l l y  

much o f  a  v a r i a b l e  f a c t o r  i n  d e te rm in in g  th e  w ork s p a c e .

The s u b j e c t s  w ere  l i m i t e d  to  movement i n  one plane an d  th e y  

were n o t  req ^ u ired  to  l i f t  a  l o a d .  T h is  r u l e d  o u t  c o m p a rin g  

th e  s t r e n g t h  o f  th e  t e r m in a l  d e v ic e s  e x c e p t i n  th e  o n e  p lan e *  

T h is  may a l s o  have  n u l l i f i e d  t h e  e f f e c t  o f  some o f  t h e  d i f ­

f e r e n c e s  bet^veen t h e  p r o s t h e s e s .

T he p r o s t h e t i c  e x t r e m i t i e s  w ere  s h o r t e r  th a n  t h e  n o r ­

m al arm  f o r  n in e te e n  o f  t h e  tw e n ty  a m p u te e s . T he p r o s th e s e s  

a r e  made so  t h a t  t h e  t e r m in a l  d e v ic e  c o r re s p o n d s  to  th e  g r i p  

o f  th e  n o rm a l e x t r e m i ty .  D orm al arm l e n g t h  was, m ea su re d  t o , 

t h e  d i s t a l  i n t e r p h a l a n g e a l  j o i n t  o f  th e  m id d le  f i n g e r  and  

n o t  to  t h e  p o in t  o f  th e  g r i p .  T hus t h e  p r o s t h e s i s  w ou ld  b e
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s h o r t e r  th a n  th e  n o rm al arm  when lo o k in g  a t  th e s e  m ea su re ­

m ents*  When the s u b j e c t s  p e rfo rm e d  th e  .movements w i th  t h e i r  

p r o s t h e s e s  t h e  m e ta l  l i g h t  h o ld e r  added  two in c h e s  t o  t h e  

t o t a l  length. The p r o s t h e t i c  e x t r e m i t i e s  a v e ra g e d  1.75 
in c h e s  s h o r t e r ,  T he h o ld e r  may have negated t h e  d i f f e r e n c e  

i n  l e n g t h s .  T h is  d i f f e r e n c e  was n o t  found  to  c o r r e l a t e  w ith  

t h e  d i f f e r e n c e  i n  volum es b e tw een  th e  no rm al and  p r o s t h e t i c  

w ork s p a c e s .

I n  th e  .p r e s e n t  s tu d y  t h e r e  was found  to  h e  a  g r e a t e r  

r e d u c t io n  i n  work sp a ce  w ith  t h e  above elbow  p r o s t h e s i s .  I t  

i s  te m p tin g  to  t r y  to  c o r r e l a t e  t h i s  g r e a t e r  r e d u c t io n  w i th  

t h e  l a c k  o f  an  elbow  j o i n t .  However t h i s  can  n o t  he  done 

b e c a u se  o f  o t h e r  f a c t o r s  t h a t  d i f f e r  betw een t h e  above and  

be low  elbow  p ro s th e s e s *  T he ab o v e  elbow  p r o s t h e s i s  h a s  r e ­

p la c e d  t h e  n o rm al elbow  j o i n t  w i th  a  m e c h a n ic a l one t h a t  

f l e x e s  a n d  e x te n d s  b u t  t h e  c o n t r o l  o f  t h i s  movement i s  con­

s i d e r a b l y  d e c re a s e d  and m ore v a r i a b l e  th a n  th e  no rm al*  The 

be low  elbow  p r o s t h e s i s  l i m i t s  m o tio n  a t  th e  elbow j o i n t  o f  

t h e  a rm . T h e re  i s  a c t u a l l y  no re p la c e m e n t o f  th e  r a d i o ­

u l n a r  j o i n t s ,  b u t  th e  t e r m in a l  d e v ic e  c a n  be m an u a lly  tu r n e d  

t o  s im u la te  s u p in a t io n  and  p ro n a t io n *  T he above elbow  p r o s ­

t h e s i s  p o s s e s s e s  a  m ore com plex  c o n t r o l  sy stem  w hich  r e q u i r e s  

d i f f e r e n t  body m o tio n s  t o  c o n t r o l  p r o s t h e t i c  m ovem ent. T h ese  

a r e  l i n k e d  to  d i f f e r e n t  c o n t r o l  p o i n t s  on th e  h a r n e s s .

M easu rem en ts

T he m easu rem en ts o f  t i ie  a g e ,  h e ig h t ,  and  w e ig h t o f
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t h e  s u l j je c t s ;  i n  t h i s  i n v e s t i g a t i o n  w ere  much m ore v a r i a b l e  

than th o s e  i n  th e  s t u d i e s  by D em pster ^  ( 1959) and

H o s ie r  (1970). S u b je c ts  i n  th e  p r e s e n t  s tu d y  v a r i e d  i n  a g e  

from  17 to  66 y e a r s  w ith  an  a v e ra g e  o f  41 y e a rs*  T he a g e s  

o f  th e  s u b j e c t s  i n  the work by H o s ie r  (1970) ranged from  19 
to  31 y e a r s  w ith  a  mean o f  23 y e a r s  and  th o s e  i n  the s tu d y  

by D em pster (1959) v a r ie d  from  17 t o  33 y e a rs*  The height 
o f  th e  s u b j e c t s  ranged from  5 f e e t ,  5 in c h e s  to  6 f e e t ,  3 
in c h e s  w i th  an  average height o f  5 f e e t ,  10*5 in c h e s*  In 
the p r e v io u s  s tu d y  by H o s ie r  t h e  height was r e s t r i c t e d  t o  a  

smaller ra n g e  o f  from  5 f e e t ,  7*5 in c h e s  t o  5 feet, 10 
inches w i th  an average height o f  5 f e e t ,  3*5 in c h e s .  T he 

h e ig h t  o f  t h e  s u b j e c t s  i n  th e  s tu d y  by D em pster was even 

l e s s  v a r i a b l e  w i th  an  a v e ra g e  height o f  5 f e e t ,  9 in c h e s*  

W eight o f  the tw e n ty  s u b je c t s  i n  t h i s  s tu d y  v a r i e d  from  112 

pounds t o  255 pounds w ith  an a v e ra g e  o f  173*2 p o u n d s , com­

p a re d  w ith  t h a t  i n  the s tu d y  by H o s ie r  (1970) w hich  ra n g e d  

from 135 p o u n d s t o  165 pounds w i th  an  a v e ra g e  o f  152 pounds* 

height was n o t  s t a t e d  i n  th e  D em pster stu d y *

S in c e  t h e r e  have  been  no  a n th ro p o m e tr ic  d a t a  c o l l e c t ­

ed on u p p e r  e x t r e m i ty  am putees a s  a  g ro u p , s u b j e c t s  w i th  

a v e ra g e  v a lu e s  c o u ld  n o t  be s e l e c t e d  f o r  s tu d y *  I n  th e  p r e ­

v io u s  s t u d i e s  (D em p ste r e t  , 1959» B ossier, 1970) i t  w as 

d e s i r e d  to  f i n d  the work sp a c e  for t h e  average m ale  s u b j e c t .  

A verage s u b j e c t s  w ere  u s e d  b e c a u se  th e  p ro b lem  o f  t h e  w ork 

sp a c e  i s  o ne  o f  p lac em en t o f  c o n t r o l s  f o r  e f f i c i e n t  u se*
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The e x tre m e s  o f  th e  work sp a c e  a r e  l e s s  f r e q u e n t ly  u se d  hy 

a v e ra g e  s u b je c ts #

The v a r i a b i l i t y  o f  m easu rem en ts on above  an d  below  

elbow  am p u tees i s  s e e n  in  T a b le  5* The heig irit and  w e ig h t 

o f  t h e  s u b j e c t s  was o n ly  s l i g h t l y  d i f f e r e n t  i n  v a r i a b i l i t y  

between the two g roups*  Age was somewhat m ore v a r i a b l e  i n  

the below  elbow  group# The m ost v a r i a b l e  measurement was 

th e  p r o s t h e t i c  e x tr e m ity  l e n g t h  i n  the above elbow  g ro u p , 

b u t  i n  th e  g roup  w i th  t h e  below  elbow  p r o s th e s e s  t h e  t im e  

w orn  was m ore v a r i a b l e .

When th e  ra n k  c o r r e l a t i o n  c o e f f i c i e n t s  w ere  de te im d n ed  

(T a b le  6) th e  l e n g th  o f  time t h a t  th e  s u b j e c t  had  worn h i s  

p r o s t h e s i s  d id  n o t  c o r r e l a t e  s i g n i f i c a n t l y  w ith  th e  re d u c ­

t i o n  i n  w ork space*  When com paring  th e  tim e  w orn w i th  r e ­

d u c t io n  i n  work s p a c e , t h e r e  was a  h ig h e r  c o r r é l a t i o n  in  t h e  

be low  elbow  group  b u t t h i s  was n o t  g r e a t  enough t o  be  s ig ­

n i f i c a n t .  T h e re  was a ls o  no s i g n i f i c a n t  c o r r e l a t i o n  o f  p ro s ­

t h e t i c  e x tr e m ity  l e n g th  w ith  th e  r e d u c t io n  in w ork sp a c e  b u t  

a  h ig h e r  v a lu e  was se e n  i n  th e  below  elbow  g ro u p  th a n  i n  t h e  

above  elbow  g ro u p . T h is  w ould seem t o  i n d i c a t e  t h a t  t h e r e  

i s  m ore p o s s i b i l i t y  f o r  d i f f e r e n t  d e g re e s  o f  p r o s t h e t i c  move­

m ent w i th  th e  below  elbow p r o s t h e s i s  w h ich  p e rh a p s  was due 

to  th e  in c r e a s e d  v a r i a b i l i t y  o f  p r o s t h e t i c  e x tr e m ity  l e n g th  

and  t h e  t im e  worn* T h is  w ould a l s o  3e®a to  i n d i c a t e  t h a t  

t h e  length o f  tim e  t h a t  th e  am putee h ad  worn h i s  p r o s t h e s i s  

d id  n o t  n e c e s s a r i l y  c o n t r i b u te  to  an  in c r e a s e  i n  th e  work
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apace*  T h e re  was no c o r r e l a t i o n  be tw een  p r o s t h e t i c  ex trem ­

i t y  l e n g t h ,  t im e  w orn , stum p l e n g t h ,  an d  w ork  ap ace  volum e 

f o r  th e  p r o s t h e t i c  e x tre m ity *  I n  b o th  th e  above and  th e  

below  elbow  g ro u p s  o f  s u b j e c t s  th e  stum p l e n g t h  d id  n o t  c o r ­

r e l a t e  w i th  r e d u c t io n  i n  w ork space*  T hus th e  c o n c lu s io n  

can n o t  be  re a c h e d  t h a t  th e  am putee w i th  a l o n g e r  stump w i l l  

have a  g r e a t e r  w ork sp a c e  volume#

The r e s u l t s  fo u n d  with t h e  g ro u p  o f  above elbow  am­

p u te e s  showed that h e ig h t  h a d  a  s i g n i f i c a n t  c o r r e l a t i o n  a t  

the *05 l e v e l  w i th  th e  n o rm al work sp a c e  volum e. There was 
a l s o  a  s i g n i f i c a n t  c o r r e l a t i o n  a t  t h e  .1 0  l e v e l  w i th  t h e  r e ­

d u c t io n  i n  vo lum e. The weight o f  th e  s u b j e c t s  w i th  ab o v e  

elbow  p r o s th e s e s  c o r r e l a t e d  w i th  th e  volum e o f  th e  p r o s t h e t i c  

work sp a c e  a t  t h e  .05 l e v e l .  I t  was c o n c lu d e d  t h a t  t h e  t a l l ­

e r  th e  s u b j e c t ,  t h e  larger t h e  n o rm al b u t n o t  th e  p r o s t h e t i c  

work s p a c e . T h e r e fo r e  th e  d i f f e r e n c e  i n  volum es i s  in ­

c r e a s e d .  The n o rm al volum e h ad  a  c o r r e l a t i o n  w i th  t h e  dif­
f e r e n c e  i n  volum e a t  th e  .0 1  l e v e l  f o r  t h e  above e lbow  am­

p u te e s .  T h e r e fo r e  t h e  i n c r e a s e  i n  t h e  n o rm al volum e c a u se d  

th e  i n c r e a s e  i n  th e  d i f f e r e n c e  in  vo lum e. T h ere  was a l s o  a  

c o r r e l a t i o n  o f  th e  n o rm al volum e and  th e  d i f f e r e n c e  i n  volum e 

a t  th e  *05 l e v e l  f o r  th e  below  elbow  am putees#  Ho o t h e r  

s i g n i f i c a n t  c o r r e l a t i o n s  w ere  e v id e n t  f o r  t h e  below  elbow  

group*

The am p u tees u se d  f o r  t h i s  s tu d y  w ere  a l l  i n i t i a l l y  

r i g h t  handed  and  o f  t h e s e ,  60 p e r  c e n t  had  t h e i r  r i g h t  arm
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a m p u ta te d . A c c o rd in g  to  a  s tu d y  o f  1200 am p u tees  "by G - la t t ly  

(19S3) 5 0 .8  p e r  c e n t  had  right u p p e r  e x t r e m i ty  a m p u ta t io n s .  

I n  th e  p r e s e n t  s tu d y  th e  f a c t  t h a t  t h e  s u b je c t  was a  right 
o r  l e f t  am putee  d id  n o t  seem to  h av e  any  e f f e c t  on th e  r e ­

d u c t io n  o f  the w ork s p a c e . T h is  c o in c id e s  with t h e  th e o ry  

t h a t  th e  j o i n t  ra n g e  o f  one e x t r e m i ty  i s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  j o i n t  ra n g e  o f  th e  o t h e r  e x t r e ia i ty  

( G i l l i l a n d ,  1921? Salter and  Darous, 1953? D em p ste r, 1 9 5 9 ) .

Work S p a c es  Com pared 

S he i n t e r v a l  volum es o f  t h e  n o rm al e x t r e m i t i e s  i n  

t h i s  s tu d y  w ere  com pared w ith  th o s e  i n  a  p r e v io u s  s tu d y  

( R o s i e r ,  1970) w i th  r e g a r d  to  the i n t e r v a l s  t h a t  w ore t h e  

l a r g e s t  an d  t h e  s m a l l e s t .  I n  t h e  p r e s e n t  s tu d y  o f  th e  i n ­

t e r v a l  vo lum es o f  th e  n o rm al a rm , th e  s i x t h  i n t e r v a l  was 

th e  s m a l l e s t  i n  90 p e r  c e n t  o f  t h e  s u b j e c t s  com pared  to  th e  

p re v io u s  s tu d y  i n  w hich i t  was t h e  smallest i n  85 p e r  c e n t  

o f  th e  s u b j e c t s .  In  the p r e s e n t  s tu d y  i n  65 p e r  c e n t  o f  

th e  s u b j e c t s  t h e  t h i r d  i n t e r v a l  was t h e  l a r g e s t  and  in  25 

p e r  c e n t  the f o u r t h  was th e  l a r g e s t .  In  th e  p r e v io u s  s tu d y , 

t h e  t h i r d  i n t e r v a l  was l a r g e s t  i n  30 p e r  c e n t  o f  th e  sub­

j e c t s  a n d  th e  f o u r t h  was l a r g e s t  i n  65 p e r  c e n t  o f  t h e  sub­

j e c t s .  T he s u b j e c t s  used i n  t h i s  s tu d y  were much m ore v a r i ­

a b le  i n  height and  w e ig h t th a n  i n  t h e  p r e v io u s  s tu d y  and 

n a t u r a l l y  m ore v a r i a t i o n  w ould  be e x p e c te d  i n  t h e  vo lum es o f  

t h e  i n t e r v a l s *
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The ab o v e  f in d in g s  tend, to i n d i c a t e  t h a t  th e  p a r t  of 

th e  w ork sp a c e  t o  th e  a id e  of an d  p o s t e r i o r  to  th e  body i s .  

the s m a l l e s t  i n  m ost n o rm al subjects r e g a r d l e s s  o f  body 

b u i ld .  The l a r g e s t  i n t e r v a l  d o es  seem t o  v a ry  w i th  body 

b u i ld  and  i n  th e  p r e s e n t  s tu d y  th e  t h i r d  i n t e r v a l  was p re ­

d o m in a n tly  the i n t e r v a l  o f  l a r g e s t  a r e a .  The o b e se  subject 
was u n a b le  to move a c r o s s  the m id l in e  i n  the i n t e r v a l  c lo s ­

e s t  to  the b o d y . T h is  was the f o u r t h  i n t e r v a l .

The sh a p e s  of th e  i n t e r v a l s  f o r  t h e  normal e x tre m i­

t i e s  in  t h e  p r e s e n t  study com pared f a v o r a b ly  w i th  th o s e  

found by H o s ie r  in  1970» However t h e r e  were v a r i a t i o n s  

c lo s e  to  the body and a ro u n d  th e  k n e e s  due  to  th e  d i f f e r e n c e  

in  a g e s ,  h e i g h t s ,  and w e ig h ts  of these subjects*
I n  th e  p re v io u s  s tu d y  th e  r e d u c t io n  o f  th e  work sp a ce  

due to  s c a p u la r  r e s t r i c t i o n  was 54 p e r  c e n t  o f  t h e  n o rm al 

volum e. W ith  t h e  below  elbow  p r o s t h e s i s  th e  r e d u c t io n  was 

45 p e r  c e n t .  The scapular r e s t r i c t i o n  p ro d u ce d  a  g r e a t e r  

d e f i c i t  than t h e  below  elbow  p r o s t h e s e s .  T h is  m ig h t b e  ex­

p la in e d  by th e  f a c t  t h a t  th e  s c a p u la  o c c u p ie s  a  m ore p ro x i­

m al p o s i t i o n  i n  t h e  k in e m a tic  c h a in  th a n  d o e s  th e  w r i s t  

w h ich  has b e e n  r e p la c e d  by the p r o s t h e s i s .  W ith  t h e  above 

elbow  prostheses the r e d u c t io n  was 83 p e r  c e n t .  T h is  g r e a t ­

e r  l o s s  o f  f u n c t io n  i s  u n d e r s ta n d a b le  s in c e  b o th  w r i s t  and 

elbow  h av e  b een  re p la c e d *

S u b je c t s  w i th  below  elbow  p r o s t h e s e s  had  d i f f i c u l t y  

r e a c h in g  th e  a r e a  l a t e r a l  to  the t r u n k .  E le v en  s u b je c t s
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mere unable t o  complété the s i x t h  i n t e r v a l  and  o f  t h e s e ,  

f i v e  w ere  unable to  co m p le te  the f i f t h  interval. A cco rd in g  

to  D em pster ^  a l .  (1939) and H o z ie r  (1 9 7 0 ) » th e  p o s t e r i o r  

and  l a t e r a l  p a r t s  o f  the work sp a c e  o f  t h e  no rm al e x t r e m i ty  

a r e  l i m i t e d  by m axim al elbow  flexion and  s c a p u la r  retraction. 
In th e  p r e s e n t  s tu d y  the prosthesis i t s e l f  red u c ed  the ex­

tre m e s  o f  n o rja a l elbow flexion and f u r t h e r  scapular r e t r a c ­

t i o n  w ould n o t  com pensa te  f o r  t h i s .  W ith  th e  above elbow 
prosthesis there is even further l i m i t a t i o n .  One s u b jc o t  

c o u ld  c o m p le te  only the f i r s t  and  se c o n d  i n t e r v a l s ,  two 

could c o m p le te  the f i r s t  t h r e e  i n t e . r v a l s ,  four coi0.d com­

p l e t e  the f i r s t  f o u r  and two s u b j e c t s  c o u ld  complete t h e  

first f i v e  i n t e r v a l s ,  T h is  i n d i c a t e s  that the elbow  j o i n t  

of th e  p r o s t h e s i s  definitely limits motion in the p o s te r o ­

l a t e r a l  areas. A lso  th e  l a c k  o f  a c t i v e  s u p in a t io n  and pro- 
n a t i o n  o f  the fo re a rm  r e q u i r e s  th e  s h o u ld e r  and the s c a p u la  

o f  the amputated e x tr e m ity  to  be p o s i t io n e d  d i f f e r e n t l y  th a n  

the normal arm  so that f u l l  s c a p u la r  retraction may n o t  be 
p o s s i b l e .

When u s in g  a proathesis i n d i v i d u a l s  were l e s s  a b le  

to  move t h e  hand  a c r o s s  the m id l in e  i n  the Intervals c lo s e  

to  the body th a n  when u s in g  t h e i r  noim ial liiab s* ' In th e  

above elbow g ro u p  two s u b je c t s  c o u ld  c r o s s  the m id l in e  of 
t h e  body a t  the t h i r d  i n t e r v a l  and  i n  t h e  below  elbow  group- 
s i x  c o u ld  move a c r o s s  a t  th e  t h i r d  i n t e r v a l #  E v id e n t ly ,  as 
a  result o f  l i m i t a t i o n s  im posed by  t h e  -p ro s th e s e s ,  t h e r e  i s
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more r e d u c t io n  i n  w ork sp a ce  in  th e  a r e a s  j u s t  a n t e r i o r  t o  

th e  body w i th  t h e  above  elbow  p ro s th e s e s *  T h is  r e d u c t io n  

was n o t  o n ly  due to  th e  i n a b i l i t y  t o  p o s i t i o n  th e  p r o s t h e s i s  

c o r r e c t l y  i n  t h e s e  areas b u t  a l s o  t o  t h e  l a c k  o f  a b i l i t y  to  

c o n t r o l  the elbow  j o i n t  i n  some s u b je c ts *  The r e d u c t io n  i n  

the a n t e r i o r  a r e a  was a l s o  c a u se d  by l i m i t a t i o n s  o f  th e  

w r i s t  movement* T he w r i s t  c o u ld  n o t  be  p o s i t io n e d  i n  o r d e r  

t o  use th e  l e n g t h  o f  the fo rea rm  to  i n c r e a s e  t h e  h e ig h t  o f  

th e  a r e a s  a s  had b een  done by the s u b j e c t s  w i th  s c a p u la r  

r e s t r i c t i o n  ( S o z ie r *  1970)*

In  the n o rm a l e x tr e m ity  th e  t h i r d  i n t e r v a l  was th e  

l a r g e s t *  When t h e  below  elbow  p r o s th e s e s  w ere  u se d  th e  se c ­

ond was p re d o m in a n tly  th e  l a r g e s t *  When th e  above elbow  

p r o s th e s e s  w ere  u s e d  th e  i n t e r v a l  w i th  the largest a r e a  

v a r ie d  from  th e  f i r s t  to  th e  f o u r th  w i th  s i x  s u b je c t s  hav­

in g  th e  f i r s t  o r  seco n d  i n t e r v a l  a s  t h e  largest, f o r  a l l  

am pu tees th e  m o st p o s t e r i o r  i n t e r v a l  t h a t  c o u ld  b# re a c h e d  

was th e  s m a l l e s t  and  t h i s  com pared f a v o r a b ly  to  the norm al 

e x tr e m ity  i n  w h ich  th e  m ost p o s t e r i o r  i n t e r v a l  was a l s o  th e  

s m a l l e s t .

The b im a n u a l a r e a  a s  i n v e s t i g a t e d  by  D em pster and 

H o s ie r  r e f e r s  t o  t h e  a r e a  in  w hich  w ork  w i th  b o th  han d s c an  

be p e r f o m e d  w i th o u t  added  movement o f  t h e  t r u n k  ( f i g u r e s  

1 5 -2 0 ) .  T h is  a r e a  i n  th e  s u b je c t  w i th  a  n o rm al e x tr e m ity  

and a  p r o s t h e s i s  h a s  a  somewhat d i f f e r e n t  c o n n o ta t io n .  H ere  

i t  a l s o  r e p r e s e n t s  th e  a r e a  in  w hich  th e  n o rm al e x tr e m ity
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may p e r f o r a  t a s k e  t h a t  woiald o r d i n a r i l y  he  performed by  t h e  

o p p o s i te  e x tre m ity *  The p r o s t h e t i c  w o rk .s p a c e  i s  s e v e r e ly  

re d u c e d  and th e  n o rm al e x tr e m ity  can  do work i n  a  l a r g e  p a r t  

o f  t h e  work s p a c e  o f  the p r o s t h e s i s -  The w ork sp a c e  o f  t h e  

n o rm al e x t r e m i ty  encom passes m ore of th e .w o rk  sp a c e  of th e  

above elbow  p r o s t h e t i c  e x t r e m i ty  th a n  i t  d o es o f  t h e  below  

elbow  p r o s t h e t i c  e x t r e m i ty .  I t  i s  e v id e n t  t h a t  w i th o u t  

added  t r u n k  m o tio n  th e  n o rm al e x t r e m ity  c an  r e a c h  th e  a r e a  

i n  w h ich  th e  p r o s t h e s i s  c a n  be u se d  e x c e p t f o r  a  sm a ll  pos­

t e r o l a t e r a l  p a r t  o f . t h e  p r o s t h e t i c  work s p a c e .

T he b im a n u a l a r e a  i s  im p o r ta n t  when c o n s id e r in g  occu­

p a t i o n s  f o r  am putees*  I f  t h e  amputee i s  f o r c e d  t o  u s e  h i s  

n o im a l e x t r e m i ty  f o r  m ost t a s k s ,  t h i s  w i l l  c a u s e  f a t i g u e .  

C e r ta in  t a s k s  and  c o n t r o l s  c a n  be p la c e d  w i th in  th e  p ro s ­

t h e t i c  w ork sp a c e  f o r  e f f i c i e n t  u s e  o f  th e  p r o s t h e s i s .

T a sk s  r e q .u i r in g  two h an d s m ust be p e rfo rm e d  i n  th e  b im an u al 

a r e a .  R ea rran g em en t o f  th e  work sp a c e  a c c o rd in g  t o  t h e  

above c r i t e r i a  w i l l  f a c i l i t a t e  th e  p e rfo rm an c e  o f  a jo b  by 

the am putee*

The l a r g e s t  and  s m a l l e s t  d i f f e r e n c e s  i n  volum es can  

b e  com pared among s u b je c ts *  I n  b o th  g ro u p s  o f  am pu tees t h e  

s m a l l e s t  r e d u c t io n  i n  th e  w ork sp a c e  due to  th e  p r o s t h e s i s  

was th e  sam e, p re d o m in a n tly  a t  t h e  f i r s t  i n t e r v a l ,  an d  th e  

l a r g e s t  r e d u c t io n  was p re d o m in a n tly  a t  t h e  t h i r d .  Even 

th o u g h  th e  s i x t h  o r  l a s t  i n t e r v a l  was th e  s m a l le s t  i n  .volume 

i n  t h e  above and  t h e  below  elbow  g ro u p s  t h i s  was n o t  t h e  i n ­
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t e r v a l  o f  l a r g e s t  d i f f e r e n c e  "because t h e  s i x t h  i n t e r n a l  was 

a l s o  th e  s m a l l e s t  f o r  t h e  n o rm al extremity. The t h i r d  i n ­

t e r v a l  was p r e d o ia in a n t ly  th e  l a r g e s t  i n t e r v a l  i n  both g ro u p s  

b u t this was n o t  the i n t e r v a l  o f  s m a l l e s t  d i f f e r e n c e  b e c a u se  

t h e  third i n t e r v a l  was a l s o  l a r g e  f o r  the n o rm a l e x t r e m i ty .  

The s i z e  o f  the i n t e r v a l s  farthest from t h e  body d id  n o t  

d i f f e r  a s  much b e tw een  th e  p r o s t h e t i c  and  th e  normal s id e #  

The t h i r d  i n t e r v a l  and  i n t e r v a l s  r i g h t  i n  f r o n t  o f  th e  body 

showed th e  g r e a t e s t  r e d u c t io n .  T hus a s  th e  s u b j e c t - t o - g r i d  

d i s t a n c e  d e c r e a s e d  th e  r e d u c t io n  o f  th e  w ork sp a c e  in c re a s e d #  

The s h a p e s  o f  the i n t e r v a l  t r a c i n g s  n a t u r a l l y  v a r i e d  

betw een  no m a l  a n d  p r o s t h e t i c  e x t r e m i t i e s .  T h e re  was a l s o  

g r e a t  v a r i a t i o n  b e tw een  above elbow  and  below  e lbow  pros*# 
t h e t i c  g ro u p s .  I n  co m p arin g  the below  elbow  t r a c i n g s  w i th  

th o s e  o f  t h e  n o rm a l a m  th e  sh a p e s  o f  the i n t e r v a l s  w ere  not 
u s u a l ly  in d e n te d  due t o  th e  k n e e s .  H ow ever, t h e  l a t e r a l  

wing' o f  the w ork sp a c e  was p r e s e n t  and  th e  i n t e r v a l  t r a c i n g  

o f  th e  f o u r t h  i n t e r v a l  was u s u a l ly  d i r e c t e d  l a t e r a l  t o  th e  

m id l in e  a n d  n o t  a s  h ig h  a s  th e  p ro c e e d in g  i n t e r v a l s .  When 
co m p arin g  t h e  s h a p e s  o f  th e  above elbow  i n t e r v a l s  t o  th o s e  

o f  th e  n o m a l  e x t r e m i ty  i n t e r v a l s ,  t h e r e  was a  s t r i k i n g  

d i f f e r e n c e .  There was n o t  a  g r e a t  am ount o f  c o n fo rm ity  

among t h e  ab o v e  elbow  s u b j e c t s .  The above  e lbow  s u b je c t  

te n d e d  to  move i n  a  v e ry  l i m i t e d  way i n  the area- t h a t  ex­

te n d e d  i n  f r o n t  o f  his sh o u ld e r#

When c o m p a rin g  th e  sh a p e s  o f  t h e  p la n e s  o f  the t h r e e ­
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d im e n s io n a l  m o d e ls  o f  t h e  above and below  elbow  p r o s t h e t i c  

work spaces, it w as e v id e n t  t h a t  th e  below  elbow  p r o s t h e s i s  

a l lo w s  much m ore a r e a  f o r  o p e r a t io n  th a n  d o es  t h e  above e l ­

bow prostheses. A lso  th e y  d e m o n s tra te  t h a t  th e  belov/ elbow  

prosthesis a l lo w s  m ore movement a c r o s s  th e  m id l in e  o f  th e  

body an d  i n  th e  p o s t e r o l a t e r a l  a r e a s .

As a  r e s u l t  o f  th e  v a r i a b i l i t y  i n  a g e , height, w e ig h t,  

p r o s t h e t i c  e x t r e m i ty  l e n g t h ,  and  stum p length t h e  a c t u a l  

vo lum es o f  th e  w ork sp a c e  o f  th e  s u b j e c t s  c o u ld  n o t  be  com­

p a re d  i n  terms o f  c u b ic  in c h e s*  F o r  i n s t a n c e ,  the volum es 

f o r  n o rm al e x t r e m i t i e s  v a r i e d  from  1 8 ,1 6 9  c u b ic  in c h e s  t o  

5 2 ,6 9 9  c u b ic  i n c h e s .  The volume o f  t h e  work sp a c e  o f  th e  

p r o s t h e t i c  extremity v a r i e d  from  698 t o  3 0 ,1 7 8  c u b ic  in c h e s .  

The d i f f e r e n c e  i n  volum e f o r  th e  no rm al and p r o s t h e t i c  w ork 

s p a c e s  f o r  e a c h  s u b j e c t  v a r i e d  from  5 ,5 1 2  to  4 1 ,3 )5  c u b ic  

in c h e s *  T h e r e f o r e ,  t h e  d i f f e r e n c e  in  c u b ic  in c h e s  from  th e  

n o rm a l volume w as c o n v e r te d  to  a  p e rc e n ta g e  in  o r d e r  t o  com­

p a re  s u b j e c t s ,  F o r  th e  g ro u p  w ith  th e  below  elbow  p r o s th e s e s  

th e  p e rc e n ta g e  d i f f e r e n c e  v a r ie d  from  20 to  60 p e r  c e n t .

T he s u b je c t  w i th  t h e  l a r g e s t  p e rc e n ta g e  d i f f e r e n c e  d id  n o t  

have t h e  s m a l l e s t  p r o s t h e t i c  volume and  th e  s u b j e c t  w i th  t h e  

s m a l l e s t  p e r c e n ta g e  d i f f e r e n c e  d id  n o t  have  th e  largest p ro s ­

t h e t i c  volume* F o r  th e  above elbow g ro u p , th e  s m a l l e s t  p e r ­

c e n ta g e  d i f f e r e n c e  was 66 p e r  c e n t  and  t h e  l a r g e s t  p e rc e n ta g e  

difference was 97*9 p e r  c e n t .  The s u b je c t  w i th  t h e  l a r g e s t  

p e rc e n ta g e  d i f f e r e n c e  had  th e  s m a l le s t  p r o s t h e t i c  volum e and
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t h e  s u b je c t  w i th  th e  s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e  d id  have 
t h e  l a r g e s t  p r o s t h e t i c  vo lnm e, Prom t h e s e  o b s e r v a t io n s  no 

c o n c lu s io n  can. be made r e l a t i n g  p r o s t h e t i c  extremity volume 

to  p e rc e n ta g e  d i f f e r e n c e *

V a r ia t io n s  o f  th e  normal extremity work sp a c e  volum es 

were w ith in  a  c lo s e  range c o n s id e r in g  the v a r i a b i l i t y  o f  

height and  weight* There w as, ho w ev er, a  s l i g h t l y  h ig h e r  

c o e f f i c i e n t  o f  v a r i a t i o n  (3 8  per c e n t )  f o r  the above elbow  

g ro u p  com pared to  t h a t  (26 p e r  c e n t )  f o r  t h e  below elbow  

g ro u p .

The p r o s t h e t i c  volum es w ere  more v a r i a b le  than t h e  

noim ial v o lu m es. This c o u ld  be  e x p e c te d  b ecau se  o f  the d i f ­

f e r e n t  ty p e s  o f  p r o s th e s e s  that t h e  subjects wore* As n o te d  

p r e v io u s ly ,  there w ere n o t  enough o f  e ach  ty p e  o f  p r o s t h e s i s  

t o  be a b le  t o  com pare vo lu iaes on  th e  basis o f  th e  ty p e  o f  

prosthesis u s e d .  The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  the above 

e lbow  p r o s t h e t i c  volum es was 36*8 p e r  c e n t .  T h is  h ig h  co­

e f f i c i e n t  was a p p a r e n t ly  due to  the many d i f f e r e n t  ty p e s  o f  

h a r n e s s e s  an d  c o n t r o l  s y s te m s . The s u b je c t  w ith  th e  s m a ll­

e s t  p r o s t h e t i c  volum e in  th e  above elbow  group  h ad  a  pros-* 

t h e s i s  w i th  no elbow  lo ck *  I t  was a l s o  o b se rv e d  t h a t  t h i s  

s u b j e c t  h ad  th e  l a r g e s t  r e d u c t io n  i n  w ork sp a ce  vo lum e.

T h o se  w ith  h a r n e s s - c o n t r o l l e d  e lbow  lo c k s  seemed t o  have 
m ore d i f f i c u l t y  p e rfo rm in g  the m ovem ents and k e e p in g  the e l ­

bow lo c k e d  th a n  d id  th o s e  w i th  m anual lo c k s*

I n  th e  g roup  w ith  th e  below  elbow  p r o s th e s e s  th e  c o -



116
e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  p r o s t h e t i c  volume was 36 p e r  

c e n t .  T h is  was th o u g h t  t o  h e  due to  th e  f a c t  t h a t  th e  be­

low  elbow  am putee h a s  r e t a i n e d  one more j o i n t  in  th e  k in e ­

m a tic  c h a in  and  t h e r e  i s  l e s s  v a r i a b i l i t y  i n  ty p e s  o f  pr%>s- 

t h e s e s  in  t h i s  g ro u p  th a n  i n  th e  above elbow  group*

The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  th e  d i f f e r e n c e  i n  

n o rm al and p r o s t h e t i c  volum es w as 3 3 ,8  p e r  c e n t  f o r  th e  

above elbow  g ro u p  and  32*6 p e r  c e n t  f o r  t h e  below  elbow  

g ro u p . How ever, when th e  p r o s t h e t i c  volume was c a l c u l a t e d  

a s  a  p e rc e n ta g e  o f  t h e  t o t a l  volum e ( t h a t  o f  t h e  n o rm al ex­

t r e m ity )  th e  c o e f f i c i e n t  o f  v a r i a t i o n  o f  th e  p e rc e n ta g e  d i f ­

f e r e n c e  was o n ly  1 0 .7  p e r  c e n t  f o r  th e  above elbow  g ro u p  an d  

26*3 p e r  c e n t  f o r  th e  below  elbow  g ro u p . T hese  f i n d in g s  i n ­

d i c a t e  t h a t  th e  ab o v e  elbow  p r o s t h e s i s  l i m i t s  movement t o  

su c h  an  e x te n t  t h a t  t h e r e  i s  l e s s  o p p o r tu n i ty  f o r  v a r i a t i o n  

th a n  w ith  th e  below  elbow  p r o s th e s i s *

S o u rc e s  o f  E r r o r  

A p o s s ib l e  s o u rc e  o f  e r r o r  i n  th e  e x p é r im e n ta l  p ro ­

c e d u re  was th e  d i f f e r e n c e  i n  t h e  e f f o r t s  o f  th e  s u b j e c t s  

p e rfo rm in g  th e  i n d i c a t e d  m ovem ents. Some t r i e d  t o  p e rfo rm  

th e  m o tio n s  c o r r e c t l y  w h ile  o t h e r s  w ere n o t  a s  c o n s c i e n t io u s .  

H ow ever, i t  was n o te d  t h a t  th e  am pu tees u se d  in  t h i s  s tu d y  

t r i e d  h a rd e r  t o  p e rfo rm  c o r r e c t l y  th a n  d id  th e  s u b j e c t s  u s e d  

in  t h e  p re v io u s  s tu d y  by H o s ie r  (1 9 7 0 ) .  O nly  th o s e  am p u tees 

who w ere  g e n u in e ly  i n t e r e s t e d  i n  f u r t h e r i n g  r e s e a r c h  i n  t h e
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a r e a  o f  p r o s t h e t i c a  agreed t o  p a r t i c i p a t e *  The am p u tees who 

w ere s e l f - c o n a c io u s  a b o u t t h e i r  h a n d ic a p  r e f u s e d .  The e a g e r ­

n e s s  o f  th e  s u b j e c t s  m ig h t b e  r e f l e c t e d  i n  t h e  volum e o f  t h e  

work sp a c e  b u t  t h i s  f a c t o r  was n o t  e v id e n t  when p e rc e n ta g e  

d i f f e r e n c e s  w ere  com puted . O v e re a g e r  s u b j e c t s  moved e r a c t i -  

c a l l y  and t h i s  c o u ld  b e  s e e n  i f  th e  hand  g r i d  o r  l i g h t  moved 

to o  f a r  away from  th e  f r o n t a l  g r i d .  A ls o , some s u b j e c t s  may 

n o t  have  r e a c h e d  t h e i r  e x tre m e s  o f  m o tion*  How ever, a l l  p r e ­

c a u t io n s  w ere  ta k e n  to  i n s u r e  t h a t  t h e  m ovem ents w ere  com­

p l e t e d  c o r r e c t ly *

S in c e  th e s e  s u b j e c t s  w ere o f  v a r io u s  a g e s  some had  de­

c r e a s e d  j o i n t  m o tio n . I f  t h e r e  was a  s l i g h t  d e c r e a s e  i n  

j o i n t  movement i t  m ig h t p o s s ib ly  be r e f l e c t e d  i n  b o th  ex­

t r e m i t i e s *  D e c re a se d  j o i n t  ra n g e  o f  o n ly  t h e  n o rm al ex trem ­

i t y  w ould  d e c r e a s e  t h e  volum e o f  t h a t  w ork  s p a c e .  I t  w ould 

a l s o  d e c re a s e  t h e  d i f f e r e n c e  i n  volum e. I f  t h e r e  w ere de­

c r e a s e d  j o i n t  ra n g e  i n  b o th  e x t r e m i t i e s  a  d e c re a s e  w ould be  

se e n  i n  th e  n o rm al and  p r o s t h e t i c  w ork s p a c e .  How ever, th e  

v a r i a t i o n s  b e tw een  volum es a l s o  w ere  a f f e c t e d  by  many o th e r  

v a r i a b l e s  and  th e  s l i g h t  r e d u c t io n  i n  ra n g e  o f  m o tio n  p ro b ­

a b ly  w as n o t  o f  g r e a t  im p o r ta n c e . I t  sh o u ld  b e  s t a t e d  t h a t  

i f  t h e  d e c re a s e  i n  j o i n t  ra n g e  was a p p a r e n t  t h e  d a ta  f o r  

t h a t  s u b je c t  was n o t  in c lu d e d *

I t  was assum ed a t  th e  o n s e t  o f  t h e  study that p e rh a p s  

th e  l e n g t h  o f  t im e  t h a t  th e  am putee had  worn t h e  p r o s t h e s i s  

m ig h t c o n t r i b u t e  some s o u rc e  o f  e r r o r  s in c e  some amputees
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h ad  m ore practice in  i i s ia g  th e  p r o s t h e s i s .  However, th e  

aïïioant of t im e  that t h e  s u b je c t  had  m m  t h e  p r o s t h e s i s  was 

n o t  a  m a jo r  f a c t o r  as f a r  as the e x te n t  o f  movement was con­

c e rn e d . A lso , the ty p e  o f  movements that were r e q u i r e d  o f  

th e  s u b je c t  w ere  n o t  o f  the ty p e  t h a t  t h e  s u b j e c t  was a c c u s ­

tom ed to p e r fo rm in g . The s u b j e c t ' s  p r o f i c i e n c y  w i th  th e  

prosthesis in o t h e r  tasks was n o t  a  f a c t o r  i n  determining 
work sp a c e  vo lum e.

A p p l ic a t io n s

R a n d a ll  e t  (1 9 4 5 ) fo u n d  t h a t  50 p e r  c e n t  o f  32 

u p p e r  e x tr e m i ty  am p u tees  ch an g ed  o c c u p a tio n s  a f t e r  t h e  ampu­

t a t i o n .  B e rg e r  i n  1956 s tu d i e d  1630 u p p e r  e x t r e m i ty  am pu tees 

and  fo u n d  t h a t  14  p e r  c e n t  o f  th e s e  had  c l e r i c a l  ty p e  jo b s  

b e fo r e  th e  a m p u ta t io n , w h ile  64 p e r  c e n t  had  t h i s  ty p e  o f  

jo b  a f t e r  th e  a ia p u ta t io n .  Work space in fo im ia tio n  in  a d d i t i o n  

to  providing information c o n c e rn in g  t h e  u s e  o f  t h e  te r m in a l  

d e v ic e  o f  th e  p r o s t h e s i s  m ig h t p re v e n t  c e r t a i n  o c c u p a t io n a l

i s U X X  t o S  u y  S i i U  « «X JL lg , KitXtA» C U i  c U U p M U tS c S  U U u U u U .  p U X X U X 'U l  VlLKi  ««WX'JÜ.

s p e c i f i e d .

I n  t h i s  s tu d y  c h a r a c t e r i s t i c  m anual w ork s p a c e s  f o r  

b o th  ty p e s  o f  am p u tees w ere  d e f in e d .  T h is  in f o r m a t io n  sh o u ld  

encourage th e  r e a r ra n g e m e n t o f  th e  work sp a c e  f o r  t h e  m ost 

e f f i c i e n t  u se  o f  th e  n o rm al an d  p r o s t h e t i c  e x t r e m i t i e s .  F o r  

i n s t a n c e ,  t a s k s  t h a t  r e q u i r e  two e x t r e m i t i e s  s h o u ld  be p la c e d  

w i th in  th e  b im an u a l w ork s p a c e ,  t a s k s  t h a t  c an  e a s i l y  be p e r -
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f o r a e d  w i th  th e  p r o s t h e s i s  and  th o s e  t h a t  require the no rm al 

e x tr e m ity  sh o u ld  be p la c e d  w i th in  the c o r re s p o n d in g  work 
sp aces*  laaka t h a t  a r e  o u t  of re a c h  o f  t h e  p r o s t h e t i c  ex­
tremity c o u ld  be moved c l o s e r  or p la c e d  w i th in  t h e  no rm al 

w ork space*  T h is  ty p e  of evaluation o f  the work sp a c e  m ig h t 

be  b e n e f i c i a l  i n  i n d i c a t i n g  m o d if ic a t io n s  for m a c h in e ry , 

c a r s ,  and a i r c r a f t  in. o r d e r  to  accomm odate the u p p e r  ex trem ­

i t y  am putee*

The r e s u l t s  o f  t h i s  s'frudy showed the a v e ra g e  d e c re a s e  

from  the n o rm al m anual work sp ace  f o r  t h e  p r o s t h e t i c  ex trem ­

i t y  of the below  (45 per c e n t )  and above (33 per c e n t)  elbow  

am p u tee . This r e d u c t io n  in d ic a t e d  t h a t  there i s  f u r t h e r  

n e ed  f o r  improving p r o s th e s e s  i n  o r d e r  to  increase w ork sp a ce  

volum e. An am putee must f i r s t  be a b le  t o  .reach  th e  task be­

f o r e  h i s  p r o s t h e s i s  i s  e f f e c t iv e *

M ethods u s e d  i n  t h i s  s tu d y  may have an  a p p l i c a t i o n  in 
th e  developm en t o f  new ty p e s  o f  p r o s t h e s e s .  T hese  te c h n iq u e s  

can  b e  u se d  to d e te rm in e  th e  m anual work sp a c e  o f  an  am putee 

using d i f f e r e n t  ty p e s  o f  p r o s th e s e s  and  to i n d i c a t e  whether 
one p r o s t h e s i s  i s  m ore e f f e c t i v e  i n  i n c r e a s in g  the w ork sp a ce  

than a n o th e r .
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A photographic m ethod  was u se d  to  o b ta in  t r a c i n g s  o f  

movement o f  t h e  hand  o f  t h e  n o rm al e x t r e m i ty  a g a i n s t  a  f ro n ­

t a l  p la n e  a t  d i f f e r e n t  d i s t a n c e s  ( i n t e r v a l s )  from  th e  su b ­

j e c t ,  The same p ro c e d u re  was a l s o  u se d  t o  o b ta in  t r a c i n g s  

o f  th e  moveiaent o f  th e  p r o s t h e t i c  e x t r e m i t i e s  o f  above  and 

below  elbow  a m p u te e s . The i n t e r v a l s  w ere  a  f ix e d  d is t?an ce  

a p a r t  so t h a t  volum e v a lu e s  c o u ld  be c a l c u l a t e d  f o r  e ac h  

i n t e r v a l  and  f o r  th e  t o t a l  w ork s p a c e .

The freed o m  o f  m o tio n  o f  th e  u p p e r  e x tr e m i ty  i s  d r a s ­

t i c a l l y  re d u c e d  by the l o s s  o f  th e  j o i n t s  o f  t h e  h a n d , w r i s t  

and  e lbow . The p r o s t h e s i s  w h ich  i s  su p p o sed  to  rep la ce  t h e  

l o s t  j o i n t s  d o ss  n o t  r e - e s t a b l i s h  th e  freedom  ox m o tio n  o f  

th e  i n t a c t  e x t r e m i ty .

The s u b j e c t s  w i th  above  elbow  p r o s th e s e s  h ad  an  a v e r ­

ag e  d e c re a s e  i n  th e  w ork sp a c e  o f  83 p e r  c e n t .  The l a r g e s t  

r e d u c t io n  o f  th e  w ork s p a c e  was se e n  a t  t h e  t h i r d  i n t e r v a l .  

T he s m a l l e s t  r e d u c t io n  o f  w ork sp a c e  was se®a a t  t h e  f i r s t  

i n t e r v a l .  The i n t e r v a l  o f  l a r g e s t  volum e f o r  th e  above  e l ­

bow p r o s t h e t i c  e x tr e m i ty  v a r i e d  from  t h e  f i r s t  t o  t h e  f o u r t h ,
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î h e  i n t e r v a l  o f  a m a l le e t  volum e wag th e  m ost p o s t e r i o r  in ­

t e r v a l*  The ab o v e  elbow  p r o s t h e t i c  e x t r e m ity  moved i n  a  

v e ry  l i m i t e d  way i n  an  a r e a  t h a t  e x te n d e d  i n  f r o n t  o f  th e  

sh o u ld e r*  T he m a jo r i ty  o f  th e  w ork sp a c e  o f  th e  p r o s t h e t i c  

e x tr e m ity  c a n  be re a c h e d  by th e  aox^aal e x t r e m ity  w i th o u t  

added  t r u n k  movement*

The s u b j e c t s  w ith  below  elbow  p r o s th e s e s  h ad  an  a v e r ­

ag e  d e c re a s e  i n  th e  work sp a c e  o f  45 p e r  c e n t*  T he l a r g e s t  

r e d u c t io n  o f  w ork sp a c e  was se e n  a t  th e  t h i r d  i n t e r v a l *  The 

sE iaJ.lest r e d u c t io n  o f  w ork sp a c e  was a t  t h e  f i r s t  i n t e r v a l *  

T he i n t e r v a l  o f  l a r g e s t  volume was t h e  seco n d  and th e  i n t e r ­

v a l  o f  s m a l l e s t  volum e was t h e  l a s t  i n t e r v a l *  The n o rm al 

e x t r e m ity  c o u ld  n o t  r e a c h  a s  much o f  th e  p r o s t h e t i c  ex trem ­

i t y  work sp a c e  a s  i t  c o u ld  i n  th e  c a s e  o f  th e  above elbow  

p r o s th e s i s *

F o r  b o th  t h e  above and  below  elbow  am putee i t  was 

o b se rv e d  t h a t  a s  th e  s u b j e c t - t o - g r i d  d i s t a n c e  d e c re a s e d  th e  

r e d u c t io n  o f  th e  w ork sp a c e  in c re a s e d *  The l e n g th  o f  t im e  

t h a t  th e  s u b j e c t  h ad  worn h i s  p r o s t h e s i s  d id  n o t  c o r r e l a t e  

s i g n i f i c a n t l y  w i th  th e  r e d u c t io n  i n  work sp a c e  i n  e i t h e r  th e  

below  o r  above elbow  am putees*  The f a c t  t h a t  th e  s u b je c t  

was a  r i g h t  o r  l e f t  am putee d id  n o t  e f f e c t  th e  r e d u c t io n  i n  

th e  work space#  I t  w as a l s o  found  t h a t  t h e  p r o s t h e t i c  h a jv . 

n e s s  d id  n o t  r e s t r i c t  t h e  v/ork sp a c e  o f  th e  n o rm al e x tr e m i ty .

The r e s u l t s  o f  t h i s  s tu d y  may be a p p l ie d :  (1 )  t o  th e

p r e v e n t io n  o f  o c c u p a t io n a l  s h i f t s  a f t e r  an  i n d iv i d u a l  becom es
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a n  u p p e r  e x t r e m i ty  am pu tee , (2 )  t o  t h e  re a r ra n g e m e n t o f  w ork 

to  accom m odate t h e  re d u c e d  w ork sp a ce  o f  th e  p r o s t h e t i c  ex­

t r e m i t y ,  and  (3 )  to  th e  im provem ent o f  p r o s th e s e s  to  i n c r e a s e  

th e  w ork sp ace*
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P l a t e  I ,  S ty ro fo am  m o d e ls  o f  th e  no rm al and  p ro s ­
t h e t i c  w ork  s p a c e s  f o r  th e  below  elbow  am putee w i th  th e  
p e r c e n ta g e  d i f f e r e n c e  c l o s e s t  t o  t h e  mean* The m odels do 
n o t  p r e s e n t  a  sm ooth c o n to u r  due to  th e  f a c t  t h a t  each  
m odel i s  m ade up  o f  s c a le  i n t e r v a l  o u t l i n e s  each  o f  w h ich  
i s  one  in c h  i n  th ic k n e s s *  T he d a rk  l i n e s  on  th e  m odels 
r e p r e s e n t  t h e  p la n e s  i n  w h ic h  t h e  h o r i z o n t a l ,  s a g i t t a l ,  
and  f r o n t a l  s e c t i o n s  o f  t h e  m o d e ls  w ere  c u t*  A. F ro n t  
v iew  o f  t h e  m o d e ls  o f  th e  p r o s t h e t i c  (1 )  and  norm al (2 )  
work sp a c e s*  B* Top view  o f  t h e  m o d els  o f  th e  p r o s t h e t i c
(1 )  and  n o rm a l (2 )  work sp a c e s*  G* S id e  view  o f  t h e  mod­
e l s  o f  t h e  p r o s t h e t i c  (1 )  an d  n o rm a l (2 )  work sp aces*  The
f r o n t  o f  e a c h  m odel f a c e s  t h e  m id d le  o f  th e  pho tog raph*
D* H ear v iew  o f  th e  m odels o f  t h e  p r o s t h e t i c  (2 )  and  n o r ­
m al (1 )  w ork sp a ce s*  S* H o r iz o n ta l  s e c t i o n s  o f  th e  mod­
e l s  o f  t h e  p r o s t h e t i c  (1 )  and  n o rm a l (2 )  work sp aces*  F*
S a g i t t a l  s e c t i o n s  o f  th e  m o d e ls  o f  th e  n o rm al (1 )  and  
p r o s t h e t i c  (2 )  w ork sp aces*  T he to p  o f  each  m odel f a c e s  
t h e  m id d le  o f  th e  p h o to g rap h *  G* F r o n t a l  s e c t io n s  o f  t h e  
m o d e ls  o f  t h e  p r o s t h e t i c  (1 )  and  n o rm al (2 )  work sp a ce s*
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P l a t e  I I .  S ty ro fo am  m o d e ls  o f  t h e  n o rm a l and p r o s ­
t h e t i c  w ork s p a c e s  f o r  th e  be low  elbow  am putee  w i th  t h e  
s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e *  T he m o d e ls  do n o t  p r e s e n t  
a  sm ooth  c o n to u r  due to  th e  f a c t  t h a t  e ac h  m odel i s  made 
up o f  s c a l e  i n t e r v a l  o u t l i n e s  e a c h  o f  w h ich  i s  one in c h  in  
t h i c k n e s s .  The d a rk  l i n e s  on th e  m odels r e p r e s e n t  t h e  
p la n e s  i n  w h ich  th e  h o r i z o n t a l ,  s a g i t t a l ,  an d  f r o n t a l  s e c ­
t i o n s  o f  t h e  m odels w ere c u t*  A. F ro n t  v iew  o f  th e  m odels 
o f  t h e  p r o s t h e t i c  (1 )  and  n o rra a l (2 )  work s p a c e s .  B* Top 
v iew  o f  t h e  m odels o f  th e  p r o s t h e t i c  (1 )  and  n o rm al (2 )  
work s p a c e s .  G. S id e  view  o f  t h e  m o d e ls  o f  t h e  p r o s t h e t i c
(1 )  an d  n o rm a l (2 )  work s p a c e s .  The f r o n t  o f  each  m odel 
f a c e s  t h e  m id d le  o f  th e  p h o to g ra p h . D. H ear v iew  o f  th e  
m o d els  o f  th e  p r o s t h e t i c  (2 )  and  n o rm al (1 )  w ork s p a c e s .
S . H o r iz o n ta l  s e c t i o n s  o f  t h e  m o d e ls  o f  t h e  p r o s t h e t i c  (1 )  
and  n o rm a l (2 )  work s p a c e s .  F . S a g i t t a l  s e c t i o n s  o f  t h e  
m o d e ls  o f  th e  n o rm al ( l )  and p r o s t h e t i c  (2 ) w ork s p a c e s .
The to p  o f  each  m odel f a c e s  t h e  m id d le  o f  t h e  p h o to g rap h *
G. F r o n t a l  s e c t i o n s  o f  th e  m o d e ls  o f  t h e  p r o s t h e t i c  (1 )  
and  n o rm a l (2 )  work s p a c e s .
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P l a t e  I I I *  S ty ro fo am  m o d e ls  o f  th e  n o im a i and  p r o s ­
t h e t i c  w ork s p a c e s  f o r  t h e  b e lo w  elbow  am putee w i th  t h e  
l a r g e s t  p e rc e n ta g e  d i f f e r e n c e *  The m odels do n o t  p r e s e n t  
a  sm ooth  c o n to u r  due to  th e  f a c t  t h a t  e a c h  m odel i s  made 
up  o f  s c a l e  i n t e r n a l  o u t l i n e s  e a c h  o f  w h ich  i s  one  in c h  i n  
t h i c k n e s s .  The d a rk  l i n e s  on t h e  m odels r e p r e s e n t  th e  
p la n e s  i n  w h ich  th e  h o r i z o n t a l ,  s a g i t t a l ,  and  f r o n t a l  s e c ­
t i o n s  o f  t h e  m odels  w ere c u t*  A. F ro n t  view  o f  t h e  m odels  
o f  t h e  n o rm a l (1 )  and  p r o s t h e t i c  (2 )  w ork s p a c e s .  B . Top 
v iew  o f  t h e  n o rm al (1 )  and p r o s t h e t i c  (2 )  work s p a c e s .  C. 
s i d e  v iew  o f  th e  m odels o f  t h e  n o m s ll  (1 )  and  p r o s t h e t i c
(2 )  w ork  s p a c e s .  The f r o n t  o f  e a c h  m odel f a c e s  th e  m id d le  
o f  t h e  p h o to g ra p h . D. R e a r v iew  o f  th e  m odels o f  th e  
p r o s t h e t i c  (1 )  and  no rm al (2 )  w ork s p a c e s .  S . H o r iz o n ta l  
s e c t i o n s  o f  th e  m odels o f  t h e  n o rm al (1 )  and p r o s t h e t i c  (2 )  
w ork s p a c e s .  F . S a g i t t a l  s e c t i o n s  o f  th e  m odels o f  th e  
p r o s t h e t i c  (1 )  and  no rm al (2 )  w ork  s p a c e s .  Top o f  e ac h  
m odel f a c e s  t h e  m id d le  o f  th e  p h o to g rap h *  G, F r o n ta l  s e c ­
t i o n s  o f  t h e  m odels o f  th e  .n o rm al (1 )  and  p r o s t h e t i c  (2 )  
w ork sp a c e s*
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P l a t e  I?*  S ty ro fo am  m odels o f  th e  n o rm al and  p r o s ­
t h e t i c  work sp a c e s  f o r  t h e  above elbow am putee w i th  t h e  
p e rc e n ta g e  d i f f e r e n c e  c l o s e s t  to  th e  m ean, The m o d e ls  do 
n o t  p r e s e n t  a  sm ooth c o n to u r  due to  th e  f a c t  t h a t  e ac h  
m odel i s  made up o f  s c a l e  i n t e r v a l  o u t l i n e s  each  o f  w h ich  
i s  one in c h  in  t h i c k n e s s .  The d a rk  l i n e s  on th e  m o d e ls  
r e p r e s e n t  th e  p la n e s  i n  w h ich  th e  h o r i z o n t a l ,  s a g i t t a l ,  
rand f r o n t a l  s e c t i o n s  o f  t h e  m odels w ere c u t .  A. F r o n t  
v iew  o f  th e  m odels o f  t h e  n o rm al (1 )  and  p r o s t h e t i c  (2 )  
w ork s p a c e s ,  3 .  Top v iew  o f  th e  no rm al ( l )  and p ro s- , 
t h e t i c  (2 )  work s p a c e s .  0 ,  S id e  view  o f  t h e  m odels o f  
t h e  n o rm al (1 )  and p r o s t h e t i c  (2 )  work s p a c e s .  The f r o n t  
o f  e a c h  m odel f a c e s  t h e  m id d le  o f  th e  pho to g rap h *  3),
R ear v iew  o f  th e  m odels o f  t h e  p r o s t h e t i c  ( 1 )  and n o rm al
(2 )  w ork s p a c e s . 3 .  H o r iz o n ta l  s e c t io n s  o f  th e  m o d e ls  
o f  t h e  no rm al (1 )  and  p r o s t h e t i c  (2 ) work sp a ce s*  F , 
S a g i t t a l  s e c t io n s  o f  t h e  m o d e ls  o f  th e  p r o s t h e t i c  (1 )  and  
n o rm al (2 )  work sp a ce s*  Top o f  each  m odel f a c e s  t h e  m id­
d le  o f  th e  p h o to g ra p h , 0-. F r o n ta l  s e c t i o n s  o f  th e  m o d els  
o f  th e  norm al (1 )  and  p r o s t h e t i c  (2 )  work s p a c e s .
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P l a t e  V* S ty ro fo a m  m odels o f  th e  n o rm al and  p r o s ­
t h e t i c  w ork s p a c e s  f o r  th e  above elbow  am putee w i th  t h e  
s m a l l e s t  p e rc e n ta g e  d i f f e r e n c e .  The m odels do n o t  p r e s e n t  
a  sm ooth  c o n to u r  due t o  th e  f a c t  t h a t  e a c h  m odel i s  made 
up o f  s c a l e  i n t e r v a l  o u t l i n e s  e ac h  o f  w hich  i s  one  in c h  i n  
t h i c k n e s s .  The d a rk  l i n e s  on th e  m odels r e p r e s e n t  t h e  
p la n e s  i n  w hich  th e  h o r i z o n t a l ,  s a g i t t a l ,  and  f r o n t a l  s e c ­
t i o n s  o f  th e  m o d e ls  w ere  c u t .  A. P ro n t  view  o f  th e  m o d e ls  
o f  t h e  p r o s t h e t i c  (1 )  and n o rm al (2 )  work s p a c e s .  3* Top 
view  o f  th e  m o d e ls  o f  t h e  p r o s t h e t i c  (1 )  and  n o rm al ( 2 )  
w ork s p a c e s .  C« S id e  view  o f  t h e  m odels o f  t h e  p r o s t h e t i c  
(1 )  and  n o m a l  (2 )  w ork  s p a c e s .  The f r o n t  o f  e a c h  m odel 
f a c e s  th e  m id d le  o f  t h e  p h o to g ra p h . D. R ear v iew  o f  t h e  
m o d e ls  o f  t h e  p r o s t h e t i c  (2 )  an d  no rm al (1 )  w ork s p a c e s .
5 .  H o r iz o n ta l  s e c t i o n s  o f  th e  m odels o f  th e  p r o s t h e t i c  (1 )  
and  n o rm al (2 )  w ork s p a c e s .  ? .  S a g i t t a l  s e c t i o n s  o f  t h e  
m o d e ls  o f  t h e  n o rm a l (1 )  and  p r o s t h e t i c  (2 )  w ork s p a c e s .
The to p  o f  e a c h  m odel f a c e s  th e  m id d le  o f  th e  p h o to g rap h *
6 .  F r o n ta l  s e c t i o n s  o f  th e  m odels o f  t h e  p r o s t h e t i c  (1 )  
and  n o rm al (2 )  v/ork s p a c e s .
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P l a t e  VI* S ty ro fo a m  m odels o f  th e  n o rm al and  p ro s ­
t h e t i c  w ork s p a c e s  f o r  t h e  above elbow  am pu tee  w i th  th e  
l a r g e s t  p e rc e n ta g e  d i f f e r e n c e *  The m odels  do n o t  p r e s e n t  
a  sm ooth c o n to u r  due  to  t h e  f a c t  t h a t  e a c h  m odel i s  made 
up  o f  s c a l e  i n t e r v a l  o u t l i n e s  e a c h  o f  w hich  i s  one  in c h  
i n  t h i c k n e s s .  The d a rk  l i n e s  on th e  m odels r e p r e s e n t  th e  
p la n e s  i n  w hich  th e  h o r i z o n t a l ,  s a g i t t a l ,  and f r o n t a l  s e c ­
t i o n s  o f  th e  m o d e ls  w ere  c u t .  A. F ro n t view  o f  t h e  m odels 
o f  t h e  p r o s t h e t i c  (1 )  an d  n o rm al (2 )  w ork sp a ce s*  B . Top 
v iew  o f  th e  m odels  o f  th e  p r o s t h e t i c  (1 )  and  n o rm a l (2 )  
w ork s p a c e s .  C . S id e  v iew  o f  th e  m odels o f  th e  p r o s t h e t i c  
(1 )  and  n o rm al (2 )  w ork s p a c e s .  The f r o n t  o f  e a c h  m odel
f a c e s  th e  m id d le  o f  t h e  p h o to g ra p h . B . H ear v iew  o f  th e
m odels  o f  th e  p r o s t h e t i c  (2 )  and n o rm al (1 )  w ork s p a c e s .
E , H o r iz o n ta l  s e c t i o n s  o f  th e  m odels o f  t h e  p r o s t h e t i c
(4 )  and  no rm al (2 )  w ork s p a c e s .  F» S a g i t t a l  s e c t i o n s  o f
th e  m odels  o f  t h e  n o rm al (1 )  and p r o s t h e t i c  (2 )  w ork s p a c e s .  
The to p  o f  each  m odel f a c e s  th e  m id d le  o f  t h e  p h o to g ra p h .
G* F r o n ta l  s e c t i o n s  o f  th e  m odels o f  th e  p r o s t h e t i c  (1 )  
and  n o rm al (2 )  w ork s p a c e s .
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P l a t e  V I I« B a ls a  wood m odels o f  th e  n o rm al and p ro s ­
t h e t i c  w ork s p a c e s  f o r  th e  be low  elbow  am putee w ith  th e " p e r ­
c e n ta g e  d i f f e r e n c e  c l o s e s t  t o  th e  mean* A* F ro n t  v iew  o f  
th e  p r o s t h e t i c  w ork apace* B . F ro n t  v iew  o f  th e  norm al 
work s p a c e . C. S id e  view  o f  th e  p r o s t h e t i c  w ork s p a c e .
D* S id e  view  o f  t h e  norm al w ork s p a c e . S* Top view  o f  
th e  p r o s t h e t i c  w ork s p a c e ,  F .  Top v iew  o f  t h e  no rm al work 
sp a c e .
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P l a t e  IT IÎÏ . .B alsa wood m o d els  o f  t h e  n o rm al and 
p r o s t h e t i c  work s p a c e s  f o r  th e  a h o re  elbow  am putee w ith  
t h e  p e rc e n ta g e  d i f f e r e n c e  c l o s e s t  to  t h e  m ean. A. P r o n t  
v iew  o f  th e  n o m a l  w ork s p a c e . B* F ro n t  v iew  o f  th e  
p r o s t h e t i c  w ork a p a c e . C, S id e  v iew  o f  t h e  n o rm al w ork 
a p a c e . 3* S id e  v iew  o f  th e  p r o s t h e t i c  w ork a p a c e . E . 
Top view  o f  th e  n o rm a l work s p a c e .  F* Top view  o f  th e  
p r o s t h e t i c  w ork s p a c e .
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PLATE V I I I


