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MAN d e p e n d s u p o n h i s l e g s t o s u p p o r t t h e 

b o d y a n d t o m o v e i t f r o m p l a c e t o p l a c e a s 

o c c a s i o n w a r r a n t s . S i n c e m o b i l i t y i s n e a r l y 

i n d i s p e n s a b l e t o m o s t h u m a n a c t i v i t i e s , t h e 

l o s s o f p a r t o r a l l o f a l e g — t h r o u g h a c c i d e n t , 

w a r , o r d i s e a s e — i m p o s e s s e r i o u s l i m i t a t i o n s 

a n d h a s a l w a y s m a d e a r e p l a c e m e n t o f s o m e 

s o r t m o r e o r l e s s o f a n e c e s s i t y . A c c o r d i n g l y , 

a r t i f ic ia l l e g s o f o n e k i n d o r a n o t h e r h a v e b e e n 

m a d e a n d u s e d s i n c e t h e m o s t a n c i e n t t i m e s . 

A s a r e s u l t o f t h e l o n g - c o n t i n u e d effor t , l eg 

p r o s t h e s e s h a v e u n d e r g o n e p r o g r e s s i v e , i f 

s l o w , d e v e l o p m e n t t h r o u g h t h e c e n t u r i e s , 

s o t h a t m a n y l o w e r - e x t r e m i t y a m p u t e e s h a v e 

i n t h e p a s t b e e n s u c c e s s f u l l y r e s t o r e d t o s o m e ­

t h i n g r e s e m b l i n g a n o r m a l l ife. W i t h t h e ad¬ 

v e n t o f i n d u s t r i a l d e v e l o p m e n t , a n d o f im¬ 

p r o v e d t o o l s a n d m a t e r i a l s w i t h w h i c h t o w o r k , 

t h e n i n e t e e n t h c e n t u r y m a r k e d t h e a p p e a r a n c e 

o f m a n y n e w l o w e r - e x t r e m i t y d e v i c e s a n d o f 

n e w t e c h n i q u e s i n t h e m e d i c a l t r e a t m e n t o f 

a m p u t a t i o n s . 

I m p e t u s p r o v i d e d b y W o r l d W a r s I a n d I I 

g a v e r i se t o r a p i d a d v a n c e m e n t i n al l b r a n c h e s 

o f t e c h n o l o g y a n d t h u s m a d e p o s s i b l e a con¬ 

c e r t e d a t t a c k o n t h e p r o b l e m o f s u p p l y i n g t h e 

b e s t p o s s i b l e a r t i f i c i a l l i m b s . T h e t e r m " l o w e r -

e x t r e m i t y p r o s t h e t i c s " h a s n o w c o m e t o m e a n 

t h e p r a c t i c e o f r e h a b i l i t a t i o n o f t h e leg a m p u t e e 

b y p r o v i d i n g h i m w i t h a n a r t i f i c ia l l i m b t h a t 

w i l l r e s t o r e l o s t f u n c t i o n s t o t h e g r e a t e s t 

p o s s i b l e d e g r e e . B u t m o r e t h a n j u s t t h e arti¬ 

f i c i a l l e g i s i n v o l v e d . T h e a m p u t e e h i m s e l f i s a 
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m o s t i m p o r t a n t p a r t o f t h e e n d - p r o d u c t , a n d 

a m p u t e e s , l i k e o t h e r p e o p l e , a re i n d i v i d u a l s 

w i t h w i d e l y d i f fe r ing c h a r a c t e r i s t i c s a n d abil i¬ 

t i e s . O f c o u r s e s u r g i c a l p r o c e d u r e s s h o u l d b e 

d e s i g n e d t o s e c u r e a p a i n l e s s s t u m p a n d t o 

r e t a i n m a x i m u m f u n c t i o n , a n d i t w o u l d s e e m 

t h a t t h e a r t i f i c i a l l e g , w h e n p r o p e r l y f i t t ed , 

s h o u l d d u p l i c a t e a s c l o s e l y a s p o s s i b l e t h e 

n o r m a l a c t i v i t y o f t h e l o s t p a r t . M o r e o v e r , 

p h y s i c a l c o n d i t i o n i n g a n d g a i t t r a i n i n g a r e 

b o t h i m p o r t a n t p h a s e s o f t h e w h o l e r ehab i l i t a¬ 

t i o n p r o c e s s . 

T h i s c o n c e p t o f l o w e r - e x t r e m i t y p r o s t h e t i c s 

h a s d e v e l o p e d d u r i n g t h e y e a r s s i n c e t h e s ta r t 

i n 1945 o f t h e p r o g r a m o f t h e A d v i s o r y C o m ¬ 

m i t t e e o n A r t i f i c i a l L i m b s , N a t i o n a l R e s e a r c h 

C o u n c i l . I n i t i a l l y , t h e p r i m a r y o b j e c t i v e w a s 

t o d e v e l o p i m p r o v e d d e v i c e s , i t b e i n g con¬ 

s i d e r e d a s o b v i o u s t h a t , i f a b e t t e r p r o s t h e t i c 

k n e e o r a n k l e o r f o o t c o u l d b e d e v i s e d , t h e 

a m p u t e e w o u l d b e n e f i t . A t t e m p t s t o p r o d u c e 

s u c h i t e m s , h o w e v e r , m a d e n e c e s s a r y t h e 

d e t e r m i n a t i o n o f f u n c t i o n a l r e q u i r e m e n t s a n d 

t h u s i m m e d i a t e l y r e v e a l e d t h e l a c k o f n e c e s ¬ 

sa ry f u n d a m e n t a l i n f o r m a t i o n . B a s i c r e s e a r c h 

i n t o t h e c o m p l i c a t e d p h e n o m e n o n w e ca l l 

" l o c o m o t i o n " w a s t h e r e f o r e c a r r i e d o n s imul¬ 

t a n e o u s l y w i t h t h e d e v e l o p m e n t o f d e v i c e s . 2 

T h e s e i n v e s t i g a t i o n s i n d i c a t e d a n e e d for t h e 

a p p l i c a t i o n o f b a s i c m e c h a n i c a l p r i n c i p l e s t o 

f i t t ing a n d a l i g n m e n t o f a r t i f i c ia l l e g s . A t h r e e -

2 A more logical and systematic approach, had there 
been sufficient time, might have been to pos tpone 
device development until the results of the basic work 
became available. But the urgency of amputee de­
mands at the end of World War II made such an ap¬ 
proach less desirable than the one adopted. 
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p r o n g e d a p p r o a c h , a l l p a r t s o f w h i c h a r e 

c o m p l e x a n d i n t e r r e l a t e d i n v a r i o u s w a y s , h a s 

t h u s e v o l v e d . B a s i c a l l y , t h e t h r e e o b j e c t i v e s 

1. To extend knowledge of the amputee, of lost and 
remaining functions affecting locomotion, and to collect 
information on the best possible medical treatment. 

2 To improve fitting techniques and practices, in¬ 
cluding training, so that existing devices might be used 
with greater comfort and function. 

3. To develop improved lower-extremity devices. 

R e l a t i v e e m p h a s i s o n t h e s e t h r e e p h a s e s i s 

s h o w n i n F i g u r e 1 . I m p l i e d i n s u c h a p r o g r a m 

i s t h e d i s s e m i n a t i o n o f i n f o r m a t i o n a n d tech¬ 

n i q u e s t o t h o s e w h o s e r v e t h e a m p u t e e . M a n y 

o f t h e a c c o m p l i s h m e n t s t o d a t e a r e r e c o r d e d , 

a n d ful ly d o c u m e n t e d w i t h t h e r e p o r t litera¬ 

t u r e , in K l o p s t e g a n d W i l s o n ' s Human Limbs 

and Their Substitutes ( M c G r a w - H i l l , in p r e s s ) . 

I n a d d i t i o n , v a r i o u s s e m i n a r s a n d s h o r t 

c o u r s e s for s u r g e o n s a n d p r o s t h e t i s t s h a v e b e e n 

c o n d u c t e d t h r o u g h o u t t h e p r o g r a m . 

F U N D A M E N T A L S T U D I E S 

D e t a i l e d a n d c o m p r e h e n s i v e s t u d y o f n o r m a l 

h u m a n l o c o m o t i o n i s t h e b a s i c k e y t o i m p r o v e ¬ 

m e n t i n a l l p h a s e s o f t h e l o w e r - e x t r e m i t y 

p r o b l e m . W a l k i n g i s t o al l a p p e a r a n c e s s o 

n a t u r a l a n d s i m p l e a p r o c e s s t h a t i t i s d i f f icul t 

t o c o n c e i v e o f i t s c o m p l e x i t y . A k n o w l e d g e o f 

t h e b e h a v i o r a n d t h e c o n t r i b u t i o n o f e a c h 

a n a t o m i c a l p a r t i n p r o v i d i n g t h e m a n y s e r v i c e s 

r e q u i r e d o f l e g s i n n o r m a l u s e i s e s s e n t i a l t o 

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

t h r o u g h a m p u t a t i o n a n d t h e f u n c t i o n s t h a t 

sti l l r e m a i n . T h e s u r g e o n n e e d s s u c h i n f o r m a ¬ 

t i o n i n o r d e r t o p r o v i d e t h e b e s t a m p u t a t i o n 

s t u m p w i t h m a x i m u m r e m a i n i n g f u n c t i o n . 

T h e p r o s t h e t i s t m u s t u n d e r s t a n d t h e l imita¬ 

t i o n s a n d p o t e n t i a l i t i e s o f t h e a m p u t e e -

p r o s t h e s i s c o m b i n a t i o n for o p t i m u m f i t t i n g , 

a l i g n m e n t , a n d a d j u s t m e n t . T h e d e s i g n e r 

n e e d s d e t a i l e d i n f o r m a t i o n o n a n g l e s , dis¬ 

p l a c e m e n t s , v e l o c i t i e s , a c c e l e r a t i o n s , f o r c e s , 

e n e r g y r e q u i r e m e n t s , a n d f u n c t i o n s i n o r d e r 

t o i m p r o v e e x i s t i n g d e v i c e s a n d t o d e v e l o p 

n e w o n e s . A n d f i n a l l y , t h e a m p u t e e h i m s e l f 

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

a p p r o a c h . C a u s e s a n d t r e a t m e n t o f p h a n t o m 

o r o t h e r p a i n , c i r c u l a t o r y d i f f i cu l t i e s r e s u l t i n g 

f r o m a m p u t a t i o n , s k i n t o l e r a n c e t o p r e s s u r e 

i n a r e a s n e v e r i n t e n d e d for s u c h u s e , a s w e l l 

a s t h e b e t t e r u n d e r s t a n d i n g o f t h e p s y c h o l o g i ¬ 

ca l p r o b l e m s o f t h e a m p u t e e a re e x a m p l e s o f 

i m p o r t a n t a r e a s o f i n v e s t i g a t i o n . 

T h e o b j e c t i v e s o f t h e p r o g r a m o f funda¬ 

m e n t a l s t u d i e s o f t h e l o w e r e x t r e m i t y m a y b e 

s u m m a r i z e d a s : 

1. To study the phenomenon of locomotion in a sam¬ 
ple of normal individuals and to analyze the results for 
use by the surgeon, the designer, and the prosthetist. 

2. To develop design criteria for new or improved 
devices and as a basis for evaluating existing devices. 

3. To develop an understanding of the compensatory 
mechanism of the human body and its ability to adapt 
itself to overcome functional deficiencies of its parts. 

4. To provide a frame of reference for evaluating the 
degree of success obtained in replacing lost functions 
by means of an artificial leg. 

5. To obtain information on the cause and possible 

Fig. 1. Trends in the lower-extremity prosthetics program, 1945-54, projected through 1956 

a r e : 
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treatment of phantom pain and other medical problems 
of the amputee. 3 

D E V E L O P M E N T O F T E C H N I Q U E S O F F I T T I N G 

A N D A L I G N M E N T 

I t a p p e a r s o b v i o u s tha t , n o m a t t e r t o w h a t 

d e g r e e a n a r t i f i c ia l leg i s p e r f e c t e d m e c h a n i ­

c a l l y , i t s e f f e c t i v e n e s s w i l l d e p e n d u p o n t h e 

c o m f o r t a f f o r d e d t h e w e a r e r . C o m f o r t i s a func¬ 

t i o n o f t h e fit a n d a l i g n m e n t o f t h e p r o s t h e s i s . 

A l t h o u g h t h e a r t i f i c i a l - l i m b i n d u s t r y h a s , 

t h r o u g h t h e y e a r s , d e v e l o p e d r e a s o n a b l y suc¬ 

cessful t e c h n i q u e s for f i t t ing a n d a l i g n i n g 

ar t i f ic ia l l e g s , t h e r e s u l t s h a v e b e e n o b t a i n e d 

m o s t l y b y t r i a l - a n d - e r r o r m e t h o d s ; s e l d o m 

h a v e b a s i c m e c h a n i c a l a n d a n a t o m i c a l prin¬ 

c i p l e s b e e n e m p l o y e d . I t w a s f o u n d , for 

i n s t a n c e , t h a t e v e n a m o n g t h e m o s t s u c c e s s f u l 

p r o s t h e t i s t s t h e r e e x i s t e d l i t t le a g r e e m e n t a s t o 

w h a t c o n s t i t u t e d a s a t i s f a c t o r y fit. F o r t h e s e 

r e a s o n s i t a p p e a r e d n e c e s s a r y t o i n c l u d e i n 

t h e l o w e r - e x t r e m i t y p r o g r a m a p r o j e c t t o 

d e v e l o p f i t t i n g a n d a l i g n m e n t t e c h n i q u e s b a s e d 

o n s o u n d sc ien t i f i c p r i n c i p l e s a n d t o i n c l u d e , 

i f n e c e s s a r y , t h e d e v e l o p m e n t o f a u x i l i a r y 

t o o l s a n d a s t u d y o f m a t e r i a l s a n d o f m e t h o d s 

o f s u s p e n s i o n . 

T h e s t u d y w a s l a u n c h e d w i t h t h e f o l l o w i n g 

o b j e c t i v e s i n m i n d : 

1. To learn from the artificial-limb industry the pro¬ 
cedures used in fitting and alignment of artificial legs. 

2. To work with the industry in applying fundamen¬ 
tal principles to the problem of fit and alignment and to 
formulate the guiding principles involved. 

3. To develop mechanical aids to improve fit and 
alignment and to serve as tools to simplify shop opera¬ 
tions. 

4. To investigate and evaluate types of suspension as 
well as materials and methods used in socket fabrica¬ 
tion. 

5. To develop simplified methods of evaluating the 
amputee-limb combinat ion—to be used as a check by 
the prosthetist, the surgeon, and the physiotherapist. 

6. To improve methods of training the lower-extrem¬ 
ity amputee in order to get better functional and more 
effective use of his prosthesis. 

O u t o f t h i s s t u d y h a v e c o m e s u c h d e v e l o p ¬ 

m e n t s a s t h e i n t r o d u c t i o n o f t h e a b o v e - k n e e 

s u c t i o n s o c k e t ( p a g e 2 9 ) a n d t h e U n i v e r s i t y o f 

] It should be noted that the work on phantom pain 
is applicable to both upper- and lower-extremity 
amputations. 

C a l i f o r n i a a d j u s t a b l e l e g s a n d a l i g n m e n t 

d u p l i c a t i o n j i g ( p a g e 2 3 ) . T h e s t u d y o f f i t t i n g 

a n d a l i g n m e n t c o n t i n u e s a t t h e U n i v e r s i t y o f 

C a l i f o r n i a , B e r k e l e y C a m p u s . 

D E V E L O P M E N T O F P R O S T H E T I C D E V I C E S 

N e w a n d i m p r o v e d d e v i c e s h a v e a l w a y s 

b e e n a m a j o r o b j e c t i v e o f t h e A C A L p r o g r a m . 

G r e a t effor t h a s b e e n e x p e n d e d i n th i s d i rec¬ 

t i o n , o f t e n w i t h o u t t h e n e c e s s a r y o r v a l i d 

c r i t e r i a . A l t h o u g h e n g i n e e r i n g d e s i g n s c a n b e 

m a d e t o a c c o m p l i s h n e a r l y a n y spec i f i ed 

f u n c t i o n , t h e e n d r e s u l t o f a n y g i v e n d e s i g n 

m a y b e u n s a t i s f a c t o r y i f t h e s p e c i f i c a t i o n s 

w e r e u n r e a l i s t i c . T h e d e v i c e m a y b e t o o c o m ¬ 

p l i c a t e d , t o o h e a v y , u n e c o n o m i c a l for t h e 

i m p r o v e m e n t s o b t a i n e d — o r i t m a y a c t u a l l y 

in t e r fe re w i t h s o m e s e r v i c e f u n c t i o n s t h o u g h 

i m p r o v i n g o t h e r s . S i n c e t h e b e g i n n i n g o f t h e 

A C A L r e s e a r c h p r o g r a m , a n u m b e r o f out¬ 

s t a n d i n g i n d u s t r i a l f i r m s h a v e e n g a g e d i n 

d e v e l o p m e n t o f d e v i c e s . A s a r e s u l t o f t h e s e 

a c t i v i t i e s , a g r e a t d e a l h a s b e e n l e a r n e d a b o u t 

w h a t i s p o s s i b l e — a n d a b o u t w h a t not t o d o . 

T o g e t h e r w i t h t h e f u n d a m e n t a l s t u d i e s , a 

b o d y o f k n o w l e d g e h a s b e e n d e v e l o p e d t o p r o ¬ 

v i d e a r ea l i s t i c a p p r o a c h t o d e s i g n c r i t e r i a . 

A n u m b e r o f d e v i c e s b a s e d o n t h i s i n f o r m a t i o n 

a re n o w i n t h e d e v e l o p m e n t s t a g e ; t h e y s h o w 

p r o m i s e for t h e fu tu re . 

C r i t e r i a for i m p r o v e d k n e e j o i n t s for a b o v e -

k n e e a m p u t e e s h a v e u n d e r g o n e g r e a t c h a n g e s 

a s f u n d a m e n t a l k n o w l e d g e o f l o c o m o t i o n h a s 

i n c r e a s e d a n d a s v a r i o u s k n e e s , a l l e g e d t o b e 

i m p r o v e d o n e s , h a v e b e e n t e s t e d o n a m p u t e e s . 

S i m i l a r l y , d e p e n d e n c e o f k n e e p e r f o r m a n c e 

o n a n k l e f u n c t i o n , f i t a n d a l i g n m e n t , t r a i n i n g , 

a n d t o t a l c o o r d i n a t i o n i s b e c o m i n g b e t t e r 

u n d e r s t o o d . I n t h e l i g h t o f p r e s e n t k n o w l e d g e , 

i t s e e m s c l e a r t h a t " s u p e r - d e v i c e s " a r e n o t 

a p t t o b e t h e s o l u t i o n t o i m p r o v e d ar t i f ic ia l 

l e g s a n d t h a t c o n s i d e r a t i o n s o f n a t u r a l ap¬ 

p e a r a n c e , m i n i m u m e n e r g y c o n s u m p t i o n , a n d 

s i m p l i c i t y o f m e c h a n i s m for m a i n t e n a n c e a n d 

e c o n o m y w i l l i n t h e e n d b e t h e c o n t r o l l i n g 

f a c t o r s . O f c o u r s e n o d e v i c e s h o u l d b e m a d e 

a v a i l a b l e for g e n e r a l d i s t r i b u t i o n u n t i l i t h a s 

b e e n c h e c k e d t h o r o u g h l y for f u n c t i o n , s t r e n g t h , 

m a i n t e n a n c e r e q u i r e m e n t s , l ife e x p e c t a n c y , 

a n d a d a p t a b i l i t y t o d i f fe ren t t y p e s o f a m p u ¬ 

t ee s . A c o m p l e t e t e s t i n g p r o g r a m h a s t h e r e -

6 
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fore b e e n e s t a b l i s h e d u n d e r t h e d i r e c t i o n o f 

N e w Y o r k U n i v e r s i t y t o e n s u r e t h e a d e q u a c y 
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