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Now available with improved design: 

3R21 OTTO BOCK Modular Knee Joint for Knee Disarticulation 

For the prosthetic management of knee disarticulation OTTO BOCK now presents 
for their modular system a four-axle knee joint with mechanical gait regulator. 

Further design features: 
Socket detachable from joint section at any time 

Rotation of lower section adjustable up to 30° either side 
Flexion angle 132° 

Soft knee stop 
Continuous adjustment of knee friction 
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Blatchford Lightweight Modular 
above knee Prosthesis 
for immediate delivery! 

Range of adjustable 
polypropylene sockets. 

Pre-assembled knee module 
with semi automatic knee lock 

Easily fitted cosmetic covers. 

Shin assembly with 
demountable joints. 

Range of moulded 
plastic feet. 

Design Council 
Award 1976 

Please write or telephone for further information to: 
CHAS. A. BLATCHFORD & SONS LTD. 
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Telephone: Basingstoke (0256) 65771 
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Editorial 

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

B o a r d t o g e t h e r w i t h a b u d g e t f o r e c a s t . S i m i l a r p r e s e n t a t i o n s h a v e b e e n m a d e t o t h e I n t e r n a t i o n a l 

C o m m i t t e e a n d t h e a s s e m b l y a t t h e W o r l d C o n g r e s s e s in M o n t r e u x 1974 a n d N e w Y o r k 1977 . I n t h e 

f u t u r e t h e a n n u a l r e p o r t wi l l a p p e a r in t h e j o u r n a l . 

T h e f i nanc i a l a d m i n i s t r a t i o n o f t h e s o c i e t y h a s c o n s t a n t l y b e e n a q u e s t i o n o f b r i n k m a n s h i p b e t w e e n 

t h e w i s h t o e x p a n d a n d s e r v e a c c o r d i n g t o t h e p u r p o s e a n d f u n c t i o n o f o u r S o c i e t y a s la id d o w n in t h e 

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

c o n s i d e r a t i o n o f t h e t h i r d w o r l d it h a s a l w a y s b e e n t h e a i m t o k e e p t h e m e m b e r s h i p f ee m o d e s t . I n fact 

t h e m e m b e r s h i p f ee h a s o n l y b e e n i n c r e a s e d a c c o r d i n g t o t h e o n g o i n g inf la t ion a n d d e v a l u a t i o n o f t h e 

U . S d o l l a r . T h i s p o l i c y h a s s e e m i n g l y b e e n success fu l , a s i n d i c a t e d b y a g r o w i n g m e m b e r s h i p , e s p e c i a l l y 

in c o u n t r i e s w h e r e t h e m e m b e r s h i p f ee m a y r e p r e s e n t a g r e a t e r f inancia l b u r d e n . 

D u r i n g t h e y e a r s t h e S o c i e t y h a s b e e n s u b s t a n t i a l l y s u p p o r t e d w i t h s e c r e t a r i a l staff, office s p a c e a n d 

fac i l i t ies f r o m D a n i s h r e s o u r c e s . C o n t r i b u t i o n s of th i s k i n d d o n o t a p p e a r in t h e a c c o u n t s . A r o u g h 

e s t i m a t e s u g g e s t s t h a t t h e v a l u e o f t h e s e c o n t r i b u t i o n s r e d u c e d t h e i n d i v i d u a l m e m b e r s h i p fee b y U . S . $ 

11 p e r y e a r . D u r i n g t h e m o n t h o f J u l y th i s y e a r t h e C o p e n h a g e n office wil l m o v e f r o m t h e C o u n t y 

H o s p i t a l G e n t o f t e t o t h e m a i n office o f t h e S o c i e t y a n d H o m e for D i s a b l e d in C o p e n h a g e n . I S P O a r e in 

d e b t f o r t h e i n v a l u a b l e s u p p o r t g i v e n t o t h e s o c i e t y d u r i n g t h e y e a r s t h e office w a s m a i n t a i n e d in 

G e n t o f t e . T h e S o c i e t y a n d H o m e for D i s a b l e d h a s g r a n t e d 7 5 . 0 0 0 D . K r . ( a b o u t U . S . $ 14 ,000) p e r 

a n n u m p l u s off ice s p a c e f r ee o f c h a r g e . H o w e v e r e v e n w i t h th i s s u b s t a n t i a l s u p p o r t , t h e I n t e r n a t i o n a l 

S o c i e t y ' s o w n p a r t o f a n n u a l s a l a r y e x p e n d i t u r e wil l i n c r e a s e b y a p p r o x i m a t e l y 3 0 . 0 0 0 D . K r . ( a b o u t 

U . S . S 5 , 5 0 0 ) . 

A s a c o n s e q u e n c e o f in f l a t ion a n d t h e i n c r e a s e o f e x p e n d i t u r e m e n t i o n e d a b o v e , it is n e c e s s a r y t o 

i n c r e a s e t h e m e m b e r s h i p f ee t o U . S . $ 37 fo r 1 9 8 1 . 

T h e p a r a m o u n t , g l o b a l , still u n s o l v e d p r o b l e m s a n d e x i s t i n g n e e d s d o o b v i o u s l y r e q u i r e f u n d s o v e r 

a n d a b o v e t h o s e a c q u i r e d b y t h e m e m b e r s h i p c o n t r i b u t i o n s . I t is u r g e d t h a t m e m b e r s d o c o n s i d e r a n y 

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

s c o p e o f o u r s o c i e t y a n d i t s spec i f ic , p e n d i n g p r o j e c t s . 

J o r g e n K j ø l b y e 

Honorary Treasurer. 

67 



Prosthetics and Orthotics International, 1980, 4, 68-69 

I.S.P.O. Statement of Accounts 
B a l a n c e as a t D e c e m b e r 3 1 , 1 9 7 9 

I n c o m e : 
M e m b e r s h i p f ee s 
S p o n s o r s h i p f e e s 

C o n t r i b u t i o n s : 
W a r A m p u t a t i o n o f C a n a d a 5 . 0 0 0 c a . $ 

I n t e r e s t : 
B o n d s 

B a n k a c c o u n t s 

B o n d s — i n c o m e 

E x p e n d i t u r e : 

P a r t s a l a r y fo r s e c r e t a r y ( A a s e L a r s s o n ) 

P r i n t i n g e x p e n s e s : 

J o u r n a l : P r o s t h e t i c s a n d O r t h o t i c s I n t e r n a t i o n a l : 
P r i n t i n g c o s t inc l . a i r m a i l p o s t i n g 
P r o d u c t i o n s e r v i c e 
L a b e l s 

L e s s i n c o m e : 
A d v e r t i s i n g 

+ d e b t o r s D e c e m b e r 3 1 . 1979 

S u b s c r i p t i o n s 

2 8 . 5 6 5 , 6 7 
17 .820 ,45 

S t a t i o n e r y a n d p r i n t e d m a t t e r s 
P o s t a g e a n d f r e igh t 
M e e t i n g a n d t r a v e l l i n g e x p e n s e s : 

M i s c e l l a n e o u s 
H o n o r a r y S e c r e t a r y (7 vis i ts t o C o p e n h a g e n ) 
E x e c u t i v e B o a r d s , inc l . 
M e e t i n g s : ( F r a n k f u r t , C o p e n h a g e n , 
G a i t h e r s b u r g , W a s h i n g t o n ) 

T e l e p h o n e 
R e p a i r s a n d m a i n t e n a n c e 
M i s c e l l a n e o u s e x p e n s e s : D a t a s y s t e m 

S u n d r y 

A u d i t i n g 

S u r p l u s a s a t D e c e m b e r 3 1 . , 1979 

9 9 . 0 5 2 , 0 3 
10 .422 ,60 

2 . 4 0 0 , 0 0 

111 .874 ,63 

4 6 . 3 8 6 , 1 2 

2 2 . 4 9 0 , 5 7 

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

17 .576 ,35 

8 .712 ,49 
108 ,23 

157 .132 ,18 
1 .067,00 

6 .700 ,00 
16 .561 ,72 

4 5 . 4 8 8 , 9 3 

4 2 . 9 9 7 , 9 4 

3 . 8 1 4 , 5 7 
5 .424 ,65 

3 7 . 5 8 2 , 0 3 

6 .298 ,45 
0 ,00 

8 .820 ,72 

2 . 1 2 2 , 4 0 

152 .549 ,69 
6 3 . 0 4 8 , 8 5 

158 .199 ,18 

2 2 . 3 3 7 , 6 4 

2 3 . 2 6 1 , 7 2 

1 1 . 8 0 0 , 0 0 

2 1 5 . 5 9 8 , 5 4 

Kr . 2 1 5 . 5 9 8 , 5 4 K r . 2 1 5 . 5 9 8 , 5 4 
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B a l a n c e a s a t D e c e m b e r 3 1 , 1 9 7 9 

A s s e t s 

C a s h o n h a n d 3 . 7 6 9 , 1 2 

B a n k a c c o u n t s : 

H a n d e l s b a n k e n , C h e c h n o . 5 2 4 . 0 5 2 6 . 7 7 8 , 7 3 

H a n d e l s b a n k e n , B o o k n o . 3 9 8 . 8 7 1 8 . 4 8 7 , 1 1 

H a n d e l s b a n k e n , B o o k n o . 7 0 5 . 1 5 4 2 0 0 . 1 5 1 , 5 3 2 1 5 . 4 1 7 , 3 7 

D e b t o r s : A d v e r t i s i n g 17 .820 ,45 

B o n d s : 

N o m i n a l v a l u e k r . 1 8 . 0 0 0 1 0 % Ø s t i f t e r n e s K r e d i t f o r e n i n g 

1 8 / 2 0 0 3 ( p r i c e 6 3 . 8 0 : 5 8 V* v a l u e k r . 10 .485) 12 .690 ,00 

A d v a n c e t o : 

W o r l d C o n g r e s s , 1980 2 9 . 3 2 6 , 4 3 

Liabi l i t i es 

A u d i t i n g 637 ,30 
R e i m b u r s e m e n t t o G e n t o f t e H o s p i t a l 8 .080 ,74 8 . 7 1 8 , 0 4 

B a l a n c e a s a t D e c e m b e r 3 1 , 1 9 7 9 , ( c a p i t a l a c c o u n t ) : 

J a n u a r y 1 1 9 7 9 2 0 7 . 2 5 6 , 4 8 

+ s u r p l u s fo r t h e p e r i o d 1 . 1 — 3 1 . 1 2 . 1 9 7 9 6 3 . 0 4 8 , 8 5 2 7 0 . 3 0 5 , 3 3 

K r . 2 7 9 . 0 2 3 , 3 7 K r . 2 7 9 . 0 2 3 , 3 7 

T h e a b o v e m e n t i o n e d A c c o u n t s , w h i c h h a v e b e e n e x a m i n e d , a r e in A c c o r d a n c e w i t h t h e b o o k - k e e p i n g 

fo r y e a r 1 9 7 9 . 

B a g s v o e r d , J a n u a r y 1980 . 

G U N N E R P E T E R S E N , 

Registered Accountant, 

D e n m a r k . 



The halo-shoulder brace and the mandibular-shoulder brace as 
postoperative supports following spinal fusion. 

N . V A N K E M P E N D E W I T T E 

Slotervaartziekenhuis, Amsterdam, The Netherlands 

A b s t r a c t 
B r a c i n g o f t h e c e r v i c a l s p i n e in p a t i e n t s w i t h 

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

B e c a u s e o f a s y m m e t r y , a t e n d e r b o n y o r 
c u t a n e o u s s w e l l i n g o r t e n d e r s k i n , diff icul t ies 
a r i s e in fitting a m a s s - p r o d u c e d b r a c e . 

I n o r d e r t o o v e r c o m e t h e s e diff icul t ies a 
c a r e f u l l y m o u l d e d m a d e - t o - m e a s u r e h a l o -
s h o u l d e r b r a c e a n d a l s o a m a n d i b u l a r - s h o u l d e r 
b r a c e w e r e d e v e l o p e d . 

T h e h a l o - s h o u l d e r b r a c e ( a h a l o c o n n e c t e d 
w i t h 4 r o d s t o a s h o u l d e r g i r d l e ) p r o v i d e s a n 
e f f e c t i v e m e a n s o f p o s t o p e r a t i v e l y c o n t r o l l i n g 
t h e u n s t a b l e c e r v i c a l s p i n e u n t i l t h e graf t u n i t e s . 
T h e b r a c e is w e l l t o l e r a t e d b y t h e p a t i e n t a n d 
f a c i l i t a t e s e a r l y p o s t o p e r a t i v e m o b i l i t y . 

T h e m a n d i b u l a r - s h o u l d e r b r a c e ( a s i m i l a r 
s h o u l d e r g i r d l e w i t h a m a n d i b u l a r a n d a n 
o c c i p i t a l p a r t ) , a l s o w e l l t o l e r a t e d b y t h e p a t i e n t , 
is u s e d a f t e r t h e h a l o - s h o u l d e r b r a c e d u r i n g 
c o n s o l i d a t i o n o f t h e g r a f t a n d a l s o t o s u p p o r t t h e 
n e c k in p a t i e n t s w h o fo r o t h e r r e a s o n s r e q u i r e a 
c o l l a r b u t w h o c a n n o t t o l e r a t e a n o r m a l r e a d y -
m a d e a p p l i a n c e . 

T h e m a n u f a c t u r e of t h e b r a c e s , t h e i r 
e f f e c t i v e n e s s a n d a s e r i e s o f 13 p a t i e n t s a r e 
d e s c r i b e d . 

I n t r o d u c t i o n 
C e r v i c a l fu s ion is o f t e n n e c e s s a r y for t h e 
t r e a t m e n t o f i n s t ab i l i t y d u e t o r h e u m a t o i d 
a r t h r i t i s , m e t a s t a t i c d e s t r u c t i o n o f p a r t of t h e 
c e r v i c a l s p i n e o r t r a u m a a n d is r o u t i n e fo l l owing 
c e r v i c a l o s t e o t o m y for c o r r e c t i o n o f d e f o r m i t y in 
a n k y l o s i n g s p o n d y l i t i s . T h e re l ie f o f p a i n is a l s o 
a n i m p o r t a n t r e a s o n for o p e r a t i o n e spec i a l l y in 
p a t i e n t s w i t h m e t a s t a s e s . 

E a r l y p o s t o p e r a t i v e m o b i l i z a t i o n of t h e 
p a t i e n t w i t h r h e u m a t o i d a r t h r i t i s o r a n k y l o s i n g 
s p o n d y l i t i s is d e s i r a b l e in o r d e r t o m a i n t a i n 
g e n e r a l m o b i l i t y a n d o f t h e c a n c e r p a t i e n t t o 
a v o i d a c o n s i d e r a b l e p o r t i o n of a l i m i t e d life 
e x p e c t a n c y in t r a c t i o n . A l t h o u g h n o t e s s e n t i a l 
e a r l y sa fe m o b i l i z a t i o n o f t h e t r a u m a p a t i e n t is 
a l s o d e s i r a b l e . I t h a s b e e n o u r r e c e n t p r a c t i c e t o 
s u p p o r t t h e c e r v i c a l s p i n e d u r i n g t h e first 6 - 1 2 
w e e k s , u n t i l t h e g r a f t h a s u n i t e d , in a h a l o -
s h o u l d e r b r a c e a n d t h e r e a f t e r , t o p r o t e c t t h e 
n e c k , in a m a n d i b u l a r - s h o u l d e r b r a c e whi l s t 
c o n s o l i d a t i o n o f t h e g ra f t p r o g r e s s e s . H o w e v e r , 
b r a c i n g o f t h e c e r v i c a l s p i n e in p a t i e n t s w i t h 
r h e u m a t o i d a r t h r i t i s , a n k y l o s i n g s p o n d y l i t i s a n d 
i n s t a b i l i t y d u e t o m e t a s t a s e s p o s e s s p e c i a l 
p r o b l e m s . 

I n t h e p a t i e n t w i t h r h e u m a t o i d a r t h r i t i s ; 
— t h e n e c k is o f t e n s h o r t ( w i t h a s q u a s h e d 
a p p e a r a n c e ) d u e t o c o l l a p s e o f c e r v i c a l 
v e r t e b r a e ) 

— t h e c h i n is o f t e n s m a l l 
— t h e n e c k , s h o u l d e r a n d u p p e r t o r s o a r e o f t e n 
a s y m m e t r i c a l 
— c o l l a r b o n e s a n d s h o u l d e r b l a d e s a r e o f t e n 
u n d u l y p r o m i n e n t 
— t h e s k i n is t h i n a n d eas i ly d a m a g e d 
— t h e r e m a y b e r h e u m a t o i d n o d u l e s 
— s w e a t i n g is o f t e n e x c e s s i v e 
— t h e c e r v i c a l s p i n e is o f t e n p a i n f u l 
— c e r v i c a l i n s t a b i l i t y o f t e n h a s t o b e c o n t r o l l e d a t 
m o r e t h a n o n e l eve l 
— t h e r e is a p o s t e r i o r m i d l i n e sca r . 

I n t h e p a t i e n t w i t h a n k y l o s i n g s p o n d y l i t i s 
f o l l o w i n g c o r r e c t i v e o s t e o t o m y o r t r e a t m e n t o f a 
f r a c t u r e ; 
— t h e r e is o f t e n s o m e d e g r e e o f r e s i d u a l 
r o t a t i o n a l d e f o r m i t y 
— t h e t o t a l rigidity o f t h e s p i n e r e q u i r e s a n 
o r t h o s i s t o fit p e r f e c t l y in o r d e r t o b e 
c o m f o r t a b l e 

T h e p a t i e n t w i t h m e t a s t a t i c d e s t r u c t i o n of t h e 
c e r v i c a l s p i n e m a y e x h i b i t ; 



— a s y m m e t r y of t h e n e c k d u e t o t u m o u r t i s sue 
— a s y m m e t r y o f t h e u p p e r t o r s o , for e x a m p l e 
f o l l o w i n g a m a s t e c t o m y 
— t e n d e r n e s s of i r r a d i a t e d a r e a s 
— c u t a n e o u s o r supe r f i c i a l b o n y m e t a s t a s e s 
w h i c h m u s t b e t a k e n i n t o c o n s i d e r a t i o n . 

I n o r d e r t o o v e r c o m e t h e s e p r o b l e m s t w o 
m a d e - t o - m e a s u r e o r t h o s e s w e r e d e v e l o p e d t w o 
y e a r s a g o ; t h e h a l o - s h o u l d e r b r a c e a n d t h e 
m a n d i b u l a r - s h o u l d e r b r a c e . T h e s e b r a c e s a r e 
m a d e i n d i v i d u a l l y fo r e a c h p a t i e n t in o r d e r t o 
o b t a i n a c o m f o r t a b l e a p p l i a n c e w i t h t h e b e s t 
p o s s i b l e fit a n d t o p r o v i d e e f fec t ive s t a b i l i z a t i o n 
o f t h e c e r v i c a l s p i n e . F r o m o u r p r e v i o u s 
e x p e r i e n c e w i t h c e r v i c a l b r a c e s a n d co l l a r s w e 
c o n c l u d e d t h a t a n e w o r t h o s i s m u s t b e l ight a n d 
t h e c o n t a c t w i t h t h e s h o u l d e r a n d n e c k a r e a m u s t 
b e s p r e a d o u t a s m u c h a s p o s s i b l e in o r d e r t o 
a v o i d p a i n o r p r e s s u r e n e c r o s i s of t h e v u l n e r a b l e 
s k i n . W h e n i m m o b i l i z i n g t h e n e c k it is e s s e n t i a l 
t h a t t h e m o u t h , l a r y n x a n d a r m s r e m a i n s as f ree 
a s p o s s i b l e s o t h a t t h e g e n e r a l m o b i l i t y of t h e 
p a t i e n t is m a i n t a i n e d . T h e o r t h o s i s h a s t o b e 
e a s i l y r e m o v a b l e a n d r e p l a c a b l e t o fac i l i ta te 
p e r s o n a l h y g i e n e , w o u n d c a r e a n d i r r a d i a t i o n 
t r e a t m e n t . 

C o n s t r u c t i o n of the o r t h o s e s 
Plaster model 

B o t h o r t h o s e s a r e c o n s t r u c t e d o n a p l a s t e r 
m o d e l w h i c h is m a d e b e f o r e t h e o p e r a t i o n , if 
p o s s i b l e w i t h t h e p a t i e n t in a s i t t ing p o s i t i o n . 
B e f o r e t h e p l a s t e r is a p p l i e d , t h e fo l l owing 
p o i n t s a r e m a r k e d o n t h e p a t i e n t ; 

t h e m i d d l e o f t h e c h i n 
t h e s u p r a s t e r n a l n o t c h 
t h e x i p h o i d p r o c e s s 
b o t h c l av i c l e s 
t h e a c r o m i o c l a v i c u l a r j o i n t 
t h e t h y r o i d c a r t i l a g e 
s p i n o u s p r o c e s s e s f r o m C1 t o T 5 
s u p e r i o r a n d m e d i a l b o r d e r s of t h e s c a p u l a e 
t h e s p i n e s of t h e s c a p u l a e 
a n y o t h e r p r o m i n e n t b o n y p o i n t s , c u t a n e o u s 

n o d u l e s o r p a i n f u l a r e a s . 
T h e s k i n is s m e a r e d w i t h r e l e a s e a g e n t e x c e p t 

f o r t h e m a r k e d a r e a s a n d t h e h a i r is h e l d o u t of 
t h e w a y in a p i e c e of t u b i g r i p o r t u b u l a r b a n d a g e . 
A p l a s t i c t u b e is p l a c e d o n e a c h s i d e o f t h e h e a d 
a n d s h o u l d e r t o f ac i l i t a t e c u t t i n g t h e cas t . T h e 
p l a s t e r o f P a r i s is t h e n a p p l i e d a r o u n d t h e n e c k 
f r o m j u s t b e l o w t h e l o w e r l i p , o v e r t h e e a r l o b e s 

t o t h e o c c i p i t a l p r o t u b e r a n c e a n d d o w n w a r d s t o 
t h e x i p h o i d p r o c e s s a n d t o t h e 5 t h t h o r a c i c 
s p i n o u s p r o c e s s . D u r i n g t h e a p p l i c a t i o n o f t h e 
p l a s t e r t h e h e a d is h e l d in neutral rotation w i t h 
t h e n o s e a n d t h e m a r k s o n t h e c h i n , t h e 
s u p r a s t e r n a l n o t c h a n d t h e x i p h o i d p r o c e s s 
m a i n t a i n e d in o n e v e r t i c a l l i n e . F u r t h e r m o r e t h e 
h e a d is m a i n t a i n e d in a neutral horizontal 
position w i t h t h e i n f e r i o r o r b i t a l m a r g i n s a n d t h e 
e x t e r n a l a u d i t o r y m e a t i in t h e s a m e h o r i z o n t a l 
p l a n e . T h e a r m s s h o u l d h a n g f ree ly by t h e s i d e of 
t h e b o d y . T h e p l a s t e r is t h e n a l l o w e d t o d r y . 

T h e p o s i t i o n s o f t h e p l a s t i c t u b e s a r e m a r k e d 
o n t h e p l a s t e r a n d a f ew h o r i z o n t a l l ines m a r k e d 
o v e r t h e v e r t i c a l t u b e l ine t o fac i l i ta te 
r e a s s e m b l y . T h e ca s t is c u t w i t h a cas t s a w o n t h e 
m a r k e d t u b e l i ne s o n b o t h s i d e s . T h i s n e g a t i v e 
p l a s t e r o f P a r i s is t h e n r e a s s e m b l e d . A f t e r 
g r e a s i n g , t h e i n s i d e is filled w i t h p l a s t e r o f P a r i s 
in o r d e r t o p r o d u c e a p o s i t i v e cas t . O n t h e 
p o s i t i v e ca s t a n e x t r a 4 m m of p l a s t e r is a d d e d 
o v e r t h e f o l l o w i n g a r e a s ; 

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

n o d u l e s o r p a i n f u l a r e a s . 

The halo-shoulder brace 
F i g u r e 1 s h o w s t h e m a t e r i a l s n e c e s s a r y for t h e 

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

Fig. 1 . Components of the halo-shoulder brace 
showing the anterior (top) and posterior (bottom) 
paper patterns, strap, buckle AND leather tongue AND 

elements of the halo connecting rods. 



T w o p a p e r p a t t e r n s a r e m a d e so t h a t t h e 
r e s u l t i n g s h o u l d e r b r a c e wil l r e a c h f r o m T1 t o T 4 
a n d r e s t o n t h e s k i n b e t w e e n t h e s p i n o u s 
p r o c e s s e s a n d t h e s h o u l d e r b l a d e s . A n t e r i o r l y 
t h e b r a c e r e a c h e s f r o m t h e s u p r a s t e r n a l n o t c h t o 
t h e x i p o i d p r o c e s s . T h e b r a c e p a s s e s o v e r t h e 
s h o u l d e r s , b e t w e e n t h e r o o t o f t h e n e c k a n d t h e 
a c r o m i o - c l a v i c u l a r j o i n t s w h i c h a r e left f r ee . 

W i t h t h e a i d o f t h e p a p e r p a t t e r n s , t h e a n t e r i o r 
a n d p o s t e r i o r p a r t s o f t h e b r a c e a r e s a w n o u t of 
3 m m o r t h o p a e d i c P l e x i d u r . T h e e d g e s of t h e 
P l e x i d u r a r e s m o o t h e d r o u n d w i t h a s a n d e r a n d 
b o t h s i d e s a r e m a t t e d w i t h fine w e t a n d d r y 
s a n d p a p e r fo r a m o r e a e s t h e t i c ef fec t . 

U s i n g t h e s a m e p a t t e r n s , t h e a n t e r i o r a n d 
p o s t e r i o r l i n ings a r e c u t o u t o f 6 m m P l a s t a z o t e . 
T h e a n t e r i o r a n d p o s t e r i o r p a p e r p a t t e r n s a r e 
g l u e d t o g e t h e r a l o n g o n e s h o u l d e r e d g e a n d w i t h 
t h i s s i n g l e p a t t e r n a o n e - p i e c e i n n e r l in ing is c u t 
o u t o f 1 c m sof t s o r b o r u b b e r . V e l c r o f a s t e n e r s 
a r e t h e n s e w n o n t o t h e f ree s h o u l d e r e d g e of t h e 
s o r b o r u b b e r l i n ing in o r d e r t o h o l d it in p l a c e 
u n d e r t h e s h o u l d e r b r a c e . 

T h e a n t e r i o r a n d p o s t e r i o r p a r t s of t h e b r a c e 
a r e m o u l d e d s e p a r a t e l y . F i r s t , t h e P l a s t a z o t e is 
h e a t e d a n d m o u l d e d o n t h e p o s i t i v e p l a s t e r cas t 
f o l l o w e d b y t h e P l e x i d u r , w h i c h is m o u l d e d o n 
t o p o f t h e P l a s t a z o t e . T h e P l e x i d u r l a y e r s a r e 
g l u e d o n t o t h e P l a s t a z o t e l aye r s a n d t h e e d g e s 
a r e s m o o t h e d w i t h t h e s a n d e r . T h e l o w e r e d g e of 
t h e a n t e r i o r p a r t o f t h e b r a c e is b e n t o u t w a r d 
s l i gh t ly s o as n o t t o p r e s s pa in fu l ly o n t h e sk in 
o v e r t h e x i p h o i d w h e n t h e p a t i e n t is in a half-
s i t t i n g p o s i t i o n . T h e a n t e r i o r a n d p o s t e r i o r 
c o m p o n e n t s o f t h e h a l o - s h o u l d e r b r a c e a r e t h e n 
t r i a l fitted o n t h e p a t i e n t o v e r t h e s o r b o r u b b e r 
l i n i n g a n d a n y n e c e s s a r y m i n o r m o d i f i c a t i o n s 
c a r r i e d o u t . T h e s t r a p s , b u c k l e s a n d l e a t h e r 
t o n g u e s fo r h o l d i n g t h e a n t e r i o r a n d p o s t e r i o r 
e l e m e n t s o f t h e b r a c e t o g e t h e r a r e n e x t fitted t o 
t h e b r a c e . W i t h t h e s h o u l d e r b r a c e in p l a c e o n 
t h e p a t i e n t t h e p o s i t i o n s for t h e a t t a c h m e n t 
p i e c e s o f t h e h a l o c o n n e c t i n g r o d s a r e m a r k e d . 
T h e h a l o c o n n e c t i n g r o d s s h o u l d b e ve r t i c a l a n d 
s y m m e t r i c a l . T h e a n t e r i o r c o n n e c t i n g r o d s 
s h o u l d b e a s w i d e a p a r t a s p o s s i b l e so t h a t t h e 
v i s u a l fields a r e n o t r e s t r i c t e d , rhe a n t e r i o r 
c o n n e c t i n g r o d s a r e fixed t o t h e P l e x i d u r b r a c e 
o n a l ine a p p r o x i m a t e l y 3 . 5 c m b e l o w t h e level of 
t h e s u p r a s t e r n a l n o t c h . T h e p o s t e r i o r c o n n e c t i n g 
r o d s u s u a l l y p a s s f r o m t h e m o s t p o s t e r i o r s ide 
h o l e s o n t h e h a l o a n d a r e s c r e w e d d i r ec t ly o n t o 

t h e b r a c e j u s t u n d e r t h e l eve l of t h e s p i n e s of t h e 
s c a p u l a e . 

I n o r d e r t o s impl i fy r e m o v a l a n d r e a s s e m b l y 
t h e u n u s e d s i d e s c r e w h o l e s in t h e h a l o a r e 
c o v e r e d w i t h s t i c k i n g p l a s t e r . F o r t h e s a m e 
r e a s o n t h e r e is o n l y o n e fixation h o l e in t h e 
l e a t h e r s h o u l d e r s t r a p . 

A c o m p l e t e h a l o - s h o u l d e r b r a c e s h o u l d 
a p p e a r a s in F i g u r e 2 . W i t h t h e b r a c e in p l a c e 
X - r a y s a r e m a d e t o c h e c k w h e t h e r t h e p o s i t i o n of 
t h e c e r v i c a l s p i n e is s a t i s f a c t o r y . 

The mandibular-shoulder brace 
F i g u r e 3 s h o w s t h e m a t e r i a l s n e c e s s a r y for t h e 

c o n s t r u c t i o n o f t h e m a n d i b u l a r - s h o u l d e r b r a c e . 
T h e p a p e r p a t t e r n s a r e m a d e s o t h a t t h e r e s u l t i n g 
b r a c e wi l l s u p p o r t t h e r a m u s of t h e m a n d i b l e 
w h i l s t t h e t h y r o i d c a r t i l a g e r e m a i n s f r ee . T h e 
b r a c e r e a c h e s d o w n t o j u s t a b o v e t h e x i p o i d 
p r o c e s s a n d is b e n t o u t w a r d s imi l a r t o t h e h a l o -
s h o u l d e r b r a c e . T h e o c c i p i t a l p a r t s u p p o r t s t h e 
h e a d j u s t b e h i n d t h e e a r s . T h e b r a c e r e a c h e s 
f r o m t h e o c c i p u t d o w n t o T 4 . 

T h i s b r a c e is a l s o m a d e o u t of 3 m m 
o r t h o p a e d i c P l e x i d u r a n d 6 m m P l a s t a z o t e , 
w h i c h a r e m o u l d e d o n t h e p l a s t e r c a s t a n d g l u e d 
t o g e t h e r . A l o o s e s o r b o r u b b e r l in ing h a s n o t 
b e e n f o u n d t o b e n e c e s s a r y . F o r s k i n c a r e e l a s t i c 
t u b i g r i p s e a m e d o n o n e s i d e c a n b e u s e d as a 
r e m o v a b l e c o v e r o v e r t h e m a n d i b u l a r a n d 
o c c i p i t a l p a r t s . 

T h e a n t e r i o r a n d p o s t e r i o r c o m p o n e n t s o f t h e 
m a n d i b u l a r - s h o u l d e r b r a c e a r e t h e n t r ia l fitted 
o n t h e p a t i e n t a n d n e c e s s a r y m i n o r m o d i f i c a t i o n s 
c a r r i e d o u t . F a s t e n e r s ( l e a t h e r w i t h V e l c r o ) a r e 
fitted t o t h e b r a c e t o h o l d t h e a n t e r i o r a n d 
p o s t e r i o r e l e m e n t s t o g e t h e r . If n e c e s s a r y , t h e 

Fig. 2 . T h e comple ted halo-shoulder brace. 



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

F i n a l l y , in o r d e r t o s t r e n g t h e n t h e a t t a c h m e n t s 
o f t h e c h i n a n d o c c i p i t a l p i e c e s t o t h e s h o u l d e r 
p a r t o f t h e b r a c e , t w o e x t r a v e r t i c a l s t r i p s o f 3 m m 
P l e x i d u r a r e g l u e d in p o s i t i o n . 

A c o m p l e t e d m a n d i b u l a r - s h o u l d e r b r a c e 
s h o u l d a p p e a r a s in F i g u r e 4 . 

Effec t iveness o f the m a n d i b u l a r - s h o u l d e r brace 
T h e e f f e c t i v e n e s s o f t h e m a n d i b u l a r - s h o u l d e r 

b r a c e w a s a s s e s s e d b y fitting o n e t o a 2 2 y e a r o l d 
v o l u n t e e r . X - r a y s o f t h e c e r v i c a l s p i n e w e r e 
t a k e n in f l ex ion a n d e x t e n s i o n , b e f o r e a n d a f t e r 
f i t t ing t h e b r a c e . T h e t u b e - f i l m d i s t a n c e w a s 
2 . 7 5 m , t o m i n i m i z e d i s t o r t i o n ( J o h n s o n e t a l , 
1 9 7 7 ) . 

L i n e s w e r e d r a w n o n t h e X - r a y s t h r o u g h 
c o r r e s p o n d i n g p o i n t s o n e a c h v e r t e b r a a n d t h e 
m a x i m u m r a n g e o f m o t i o n a t e a c h l eve l 
m e a s u r e d . T h e r e s u l t s a r e s h o w n in T a b l e 1. A 
n e g a t i v e s i gn i n d i c a t e s a l oca l r e v e r s a l of t l .e 
g e n e r a l m o v e m e n t . D u r i n g a t t e m p t e d e x t e n s i o n 
o f t h e n e c k , w h i l s t w e a r i n g t h e b r a c e , s l igh t 
flexion o c c u r e d a t t h e C 1 - 2 , C 2 - 3 a n d C 3 - 4 
l e v e l s . D u r i n g a t t e m p t e d flexion o f t h e n e c k , 
s l i gh t e x t e n s i o n o c c u r r e d a t t h e s e l eve l s . 

M e a s u r e m e n t s o f l a t e r a l flexion a n d r o t a t i o n 
w e r e n o t m a d e b e c a u s e o f t h e p o s s i b l e d a n g e r of 
e x c e s s i v e i r r a d i a t i o n fo r t h e y o u n g v o l u n t e e r . 

P a t i e n t ser ies 
U p t o n o w t h e h a l o - s h o u l d e r b r a c e h a s b e e n 

u s e d o n 12 p a t i e n t s , 9 of w h o m h a v e 
s u b s e q u e n t l y r e q u i r e d f u r t h e r s u p p o r t in a 
m a n d i b u l a r - s h o u l d e r b r a c e ; 1 p a t i e n t n e e d e d 
s u p p o r t o n l y in a m a n d i b u l a r - s h o u l d e r b r a c e . 

T h e d e t a i l s of t h e s e p a t i e n t s a r e s h o w n in 
T a b l e 2 . 

D i s c u s s i o n 
T h e h a l o w i t h a p r e f a b r i c a t e d p l a s t i c b o d y ves t 

h a s b e e n s h o w n t o b e a m o s t e f f ec t ive m a n n e r of 
c o n t r o l l i n g t h e u n s t a b l e c e r v i c a l s p i n e ( J o h n s o n 
e t a l , 1 9 7 7 ) . 

T h e h a l o - t h o r a c i c b r a c e ( a h a l o c o n n e c t e d t o a 
p r e f a b r i c a t e d b o d y v e s t ) h a s p r o v e d success fu l in 
t h e t r e a t m e n t o f f r a c t u r e s o f t h e o d o n t o i d 
p r o c e s s ( S c h w e i g e l , 1979) . 

Fig. 3 . The mandibular-shoulder brace. Top left, 
anterior paper pattern. Bottom right, posterior paper 
pattern. The dotted lines indicate the positions of the 
vertical Plexidur strips. The Velcro fasteners, leather 

tongue and chin-occipital strap are also shown. 

Fig. 4 . The completed mandibular-shoulder brace. 

Table 1. Motion of the cervical spine, measured in 
degrees from fully flexed to fully extended positions 
without and with the mandibular-shoulder brace. A 
negative sign indicates a local reversal of the general 
movement of the cervical spine. 
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H o w e v e r , b e c a u s e o f a s y m m e t r y , a t e n d e r 
b o n y o r c u t a n e o u s s w e l l i n g o r t e n d e r s k i n , 
d i f f i cu l t i e s o f t e n a r i s e in f i t t ing a m a s s - p r o d u c e d 
b r a c e a n d s o w e d e v e l o p e d a ca re fu l ly m o u l d e d 
m a d e - t o - m e a s u r e h a l o - s h o u l d e r b r a c e a n d a l s o a 
m a n d i b u l a r - s h o u l d e r b r a c e . 

W e a p p r e c i a t e t h a t w e h a v e o n l y s t u d i e d t h e 
r a n g e o f m o v e m e n t in o n e v o l u n t e e r , b u t b y 
c o m p a r i s o n w i t h t h e r e s t r i c t i o n of m o v e m e n t 
o b t a i n e d b y t h e P h i l a d e l p h i a c o l l a r , t h e fou r -
p o s t e r b r a c e , t h e c e r v i c o - t h o r a c i c b r a c e , t h e 
S o m i b r a c e a n d t h e p o l y e t h y l e n e C a m p p l a s t i c 
c o l l a r a s d e s c r i b e d b y J o h n s o n e t a l (1977) a n d 
F i s h e r e t a l ( 1 9 7 7 ) , it w o u l d a p p e a r t h a t t h e 
m a n d i b u l a r - s h o u l d e r b r a c e e f fec t ive ly s t ab i l i zes 
t h e c e r v i c a l s p i n e . 

P o s t o p e r a t i v e s t a b i l i z a t i o n by o n e o r a 
c o m b i n a t i o n o f t h e s e o r t h o s e s h a s s o far p r o v e d 
s a t i s f a c t o r y in t h e 13 p a t i e n t s d e s c r i b e d . 
F u r t h e r m o r e t h e b r a c e s a r e c o m f o r t a b l e a s we l l 
a s b e i n g s i m p l e t o r e m o v e a n d refi t . In t h e c a s e of 
t h e h a l o - s h o u l d e r b r a c e o n l y t w o b u c k l e s o n t h e 
s h o u l d e r a n d 4 A l l e n s c r e w s t o c o n n e c t t h e r o d s 
o n t h e h a l o a r e i n v o l v e d . I n t h e c a s e of t h e 
m a n d i b u l a r - s h o u l d e r b r a c e 2 V e l c r o f a s t e n e r s 
a r e u s e d o n t h e s h o u l d e r c o m b i n e d if n e c e s s a r y 
w i t h 2 l e a t h e r s t r a p s t o c o n n e c t t h e m a n d i b u l a r 
a n d o c c i p i t a l p a r t s fo r e x t r a s u p p o r t . I t is w o r t h 
m e n t i o n i n g t h a t s o m e of t h e p a t i e n t s in i t ia l ly 
p r e f e r r e d t o s l e e p in sku l l t r a c t i o n un t i l t h e y 
b e c a m e u s e d t o w e a r i n g t h e h a l o - s h o u l d e r b r a c e 
2 4 h o u r s p e r d a y a n d s o m e o f t h e p a t i e n t s w o r e 
t h e i r h a l o - s h o u l d e r b r a c e r a t h e r l o n g e r t h a n 
e x p e c t e d a s t h e y t o o k s o m e t i m e g e t t i n g u s e d t o 
t h e t r a n s i t i o n f r o m t h e h a l o - s h o u l d e r b r a c e a n d 
i t s a s s o c i a t e d f r e e m o v e m e n t o f t h e l o w e r j a w t o 
t h e s o m e w h a t m o r e r e s t r i c t i v e m a n d i b u l a r -
s h o u l d e r b r a c e . 

R e g a r d i n g t h e m a n u f a c t u r e o f t h e b r a c e s t h e 
i m p o r t a n t s u b s t a n c e is t h e 3 m m o r t h o p a e d i c 
P l e x i d u r , w h i c h d u r i n g t h e p a s t few y e a r s h a s 
b e e n d e v e l o p e d i n t o a n e x c e p t i o n a l l y s t r o n g 
m a t e r i a l . S o far n o n e o f t h e o r t h o s e s h a v e 

b r o k e n . T h e m a t e r i a l is e a s y t o m o u l d a n d a n y 
m i n o r c o r r e c t i o n s a r e s i m p l e t o c a r r y o u t w i t h 
t h e a i d o f t h e h e a t g u n , b u t t h e s e a r e s e l d o m 
n e c e s s a r y w h e n a g o o d p l a s t e r c a s t is first m a d e . 
T h e m a t e r i a l is e a s y t o c l e a n a n d if n e c e s s a r y t h e 
p a t i e n t s c a n s h o w e r o r w a s h t h e i r h a i r w i t h t h e 
b r a c e in p l a c e . F u r t h e r m o r e , t h e m a t e r i a l is l ight 
a n d e v e n w i t h a h a l o a n d c o n n e c t i n g r o d s t h e 
c o m p l e t e b r a c e o n l y w e i g h s a p p r o x i m a t e l y 1 , 2 0 0 
g r a m m e s . 

T h e m a n d i b u l a r - s h o u l d e r b r a c e o n l y w e i g h s 
a p p r o x i m a t e l y 3 6 0 g r a m m e s , is c o m f o r t a b l e a n d 
w e l l t o l e r a t e d b y t h e p a t i e n t a f t e r r e m o v a l of t h e 
h a l o - s h o u l d e r b r a c e . F u r t h e r m o r e , t h i s t y p e o f 
b r a c e c a n b e u s e d o n p a t i e n t s w h o for o t h e r 
r e a s o n s r e q u i r e a n e c k s u p p o r t , b u t w h o c a n n o t 
t o l e r a t e a n o r m a l r e a d y - m a d e co l l a r . 

A c k n o w l e d g e m e n t s 
I w i s h t o t h a n k M r . W . W . F i d l e r F . R . C . S . fo r 

h i s h e l p a n d a d v i c e in t h e p r e p a r a t i o n o f th i s 
a r t i c l e a b o u t p a t i e n t s u n d e r h i s c a r e a n d a l s o t o 
t h a n k M r . D . v a n D o l e w e e r d fo r t h e 
i l l u s t r a t i o n s . 
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A b s t r a c t 

S i n c e 1972 t h e D a n i s h A m p u t a t i o n R e g i s t e r 

( D A R ) h a s r e c o r d e d m a j o r a m p u t a t i o n s in 

D e n m a r k . T h e r e g i s t e r is b a s e d o n v o l u n t a r y 

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

d e p a r t m e n t s . T h e p r e s e n t i n v e s t i g a t i o n is b a s e d 

u p o n 2 0 2 9 a m p u t a t i o n s fo r a r t e r i o s c l e r o t i c a n d 

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

t o 4 y e a r s . 

T h e i n c i d e n c e of i p s i l a t e r a l r e a m p u t a t i o n is 

h i g h in t h e i m m e d i a t e p o s t o p e r a t i v e p e r i o d w i t h 

1 0 . 4 % a f t e r o n e m o n t h , 1 6 . 5 % a f t e r t h r e e 

m o n t h s a n d 1 8 . 8 % a f t e r six m o n t h s . L a t e r t h e 

i n c i d e n c e is q u i t e l o w , r e a c h i n g a t o t a l o f 2 3 . 1 % 

a f t e r f o u r y e a r s . 

T h e risk o f c o n t r a l a t e r a l a m p u t a t i o n is e v e r 

p r e s e n t w i t h a n i n c i d e n c e o f 1 1 . 9 % w i t h i n o n e 

y e a r , 1 7 . 8 % a f t e r t w o y e a r s , 2 7 . 2 % a f t e r t h r e e 

y e a r s , a n d finally 4 4 . 3 % a f t e r f o u r y e a r s . 

T h e m o r t a l i t y a f t e r t h r e e m o n t h s is 1 6 . 3 % a n d 

t h e n t a p e r s off t o a t o t a l of 2 2 . 5 % af te r f o u r 

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

a s ign i f i can t o v e r - m o r t a l i t y is s e e n d u r i n g t h e 

first t h r e e m o n t h s , a n d a n e q u a l l y s igni f icant 

u n d e r - m o r t a l i t y f r o m six m o n t h s o n w a r d d u r i n g 

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

I n t r o d u c t i o n 

O v e r t h e y e a r s m a n y s t u d i e s h a v e a t t e m p t e d 

t o c la r i fy t h e f a t e o f t h e a r t e r i o s c l e r o t i c a n d 

d i a b e t i c a m p u t e e , w i t h r e s p e c t t o l a t e r ipsi- o r 

c o n t r a l a t e r a l a m p u t a t i o n ( S i l b e r t 1952 ; G o l d n e r 

1 9 6 0 ; B a d d e l e y & F u l f o r d 1 9 6 5 ; M a z e t 1 9 6 7 ; 

S a r m i e n t o 1 9 6 8 ; W h i t e h o u s e e t a l . 1 9 6 8 ; P e r s s o n 

& S u n d e n 1 9 7 1 ; K o l i n d - S ø r e n s e n 1974) ; a n d 

a l s o m o r t a l i t y S m i t h 1956 ; H a n s s o n 1964; 

W h i t e h o u s e e t a l . 1 9 6 8 ; E c k e r & J a c o b s 1 9 7 0 ; 

P e r s s o n & S u n d e n 1 9 7 1 ; K a h n 1974 ; K o l i n d -

S ø r e n s e n 1 9 7 4 ) . 

A m a j o r i t y of t h e s t u d i e s c o m p r i s e r a t h e r few 

o b s e r v a t i o n s a n d t h e o b s e r v a t i o n p e r i o d is o f t e n 

r a t h e r s h o r t . 

M e t h o d 

T h e D a n i s h A m p u t a t i o n R e g i s t e r w a s 

f o u n d e d in 1972 fo r t h e p u r p o s e o f c o n t i n u o u s 

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

s e n s e . T h e r e g i s t e r b u i l d s o n v o l u n t a r y r e p o r t s 

f r o m o r t h o p a e d i c a n d su rg i ca l d e p a r t m e n t s in 

D e n m a r k a n d f u r t h e r r e p o r t s f r o m D a n i s h 

p r o s t h e t i c fitters. 

S i n c e 1973 t h e r e g i s t e r h a s r e c o r d e d d a t a o n c. 

5 , 0 0 0 n e w a m p u t a t i o n s a n d a n e q u a l n u m b e r of 

p r o s t h e s e s fitted. D a t a o n a m p u t e e su rv iva l is 

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

w i t h t h e D a n i s h C e n t r a l C i t i z e n R e g i s t e r ( C P R ) . 

T h e p r e s e n t s t u d y w a s u n d e r t a k e n in o r d e r t o 

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

a n d is b a s e d o n d e t a i l e d r e p o r t s o f 2 , 0 2 9 p e r s o n s 

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

p e r f o r m e d for a r t e r i o s c l e r o t i c o r d i a b e t i c 

g a n g r e n e . 

T h e i n p u t m a t e r i a l w a s t h e d a t e of b i r t h , d a t e 

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

a n y l a t e r ips i - o r c o n t r a l a t e r a l l o w e r e x t r e m i t y 

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

p e r i o d . I n all i n s t a n c e s o f d e a t h t h e e x a c t d a t e is 

r e c o r d e d . 

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

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

R i g s h o s p i t a l e t , u t i l i z ing life t a b l e m e t h o d s . A l l 

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

t h e d i a b e t i c a n d n o n - d i a b e t i c g r o u p s , a n d as a 

c o m p o u n d a s w e l l . N o s igni f icant d i f f e r e n c e s 

w e r e f o u n d b e t w e e n d i a b e t i c s a n d n o n - d i a b e t i c s . 

R e s u l t s 

Ipsilateral reamputation 
I p s i l a t e r a l r e a m p u t a t i o n s a r e c a r r i e d o u t o n 

1 0 . 4 % of al l a m p u t e e s w i t h i n o n e m o n t h of t h e 

in i t i a l a m p u t a t i o n . T h e p e r c e n t a g e a f te r t w o 

m o n t h s is 1 4 . 8 a n d a f t e r t h r e e m o n t h s 1 6 . 5 . 

T h e p e r c e n t a g e o f r e a m p u t a t i o n a f t e r six 

m o n t h s is 1 8 . 8 , c o n s t i t u t i n g t h e m a j o r i t y o f all 



i p s i l a t e r a l r e a m p u t a t i o n s d u r i n g t h e o b s e r v a t i o n 
p e r i o d ( F i g . 1 ) . 

I n f a c t , f r o m t h e 7 t h a n d 4 8 t h p o s t o p e r a t i v e 
m o n t h o n l y a f u r t h e r 4 . 3 % of t h e a m p u t e e 
p o p u l a t i o n is r e a m p u t a t e d . I t s e e m s m o s t 
p r o b a b l e t h a t b y f a r t h e m a j o r i t y of i p s i l a t e r a l 
r e a m p u t a t i o n s i s d u e t o p o s t o p e r a t i v e c o m p l i 
c a t i o n s w h i c h c o u l d n o t b e c o n t r o l l e d b y c o n 
s e r v a t i v e m e a n s . 

L a t e r b r e a k d o w n o f a s t u m p w h i c h h a s h e a l e d 
a f t e r t h e in i t i a l a m p u t a t i o n s e e m s t o b e a r a t h e r 
r a r e o c c u r e n c e in t h e p r e s e n t m a t e r i a l . 

Contralateral amputation 
T h e p r o g n o s i s f o r " s u r v i v a l " o f t h e o t h e r l eg is 
l e s s o p t i m i s t i c . W h e r e a s t h e risk o f i p s i l a t e r a l 
a m p u t a t i o n w a s a l m o s t e l i m i n a t e d 6 m o n t h s 
a f t e r t h e p r i m a r y a m p u t a t i o n , t h e " o t h e r l e g " is 
a t risk a s l o n g a s t h e t a b l e s a r e a b l e t o p r e d i c t , 
w i t h c o n t r a l a t e r a l a m p u t a t i o n h i t t i n g 1 1 . 9 % 
w i t h i n t h e first y e a r , 1 7 . 8 % w i t h i n t w o y e a r s , 

2 7 . 2 % w i t h i n t h r e e y e a r s a n d 4 4 . 3 % less t h a n 
f o u r y e a r s a f t e r t h e in i t i a l a m p u t a t i o n (F ig . 2 ) . 

A c e r t a i n d i f f e r e n c e is s e e n b e t w e e n t h e r a t e 
o f c o n t r a l a t e r a l a m p u t a t i o n in a r t e r i o s c l e r o t i c 
p a t i e n t s ( 3 8 % ) a n d d i a b e t i c p a t i e n t s 5 2 . 6 % ) . 

Mortality 
T h e r a t e o f s u r v i v a l w a s s t i p u l a t e d for t h e 

a r t e r i o s c l e r o t i c a n d d i a b e t i c g r o u p s i n d i v i d u a l l y 
a n d n o s ign i f i can t d i f f e r e n c e s w e r e e n c o u n t e r e d . 

T h e c o m p o u n d s u r v i v a l c u r v e ( F i g . 3 ) 
d e m o n s t r a t e s a n in i t i a l " d i p " b u t a f t e r w a r d s a 
r a t h e r l i n e a r a n d n o t v e r y s t e e p s l o p e . B y far t h e 
g r e a t e s t risk o f d e a t h is e n c o u n t e r e d w i t h i n t h r e e 
m o n t h s f o l l o w i n g a m p u t a t i o n ( 1 6 . 6 % ) , w h e r e a s 
t h e figures a f t e r 1 t h r o u g h 4 y e a r s a r e 1 8 . 4 , 1 9 . 2 , 
2 0 . 3 a n d 2 2 . 5 % . H o w e v e r f u r t h e r s ta t i s t i ca l 
s t u d y d e m o n s t r a t e s a n a s t o u n d i n g d i f f e r e n c e in 
m o r t a l i t y , a s c o m p a r e d t o t h e " n o r m a l " 
p o p u l a t i o n ( F i g . 4 ) . W i t h i n t h e first 3 - 6 m o n t h s a 
m a r k e d l y i n c r e a s e d m o r t a l i t y is n o t e d in t h e 
a m p u t e e g r o u p — t h e d i f f e r e n c e b e i n g s igni f icant 
( p < 0 . 0 0 1 ) . A t s ix m o n t h s p o s t o p e r a t i v e l y t h e 
c h a n c e o f s u r v i v a l is r o u g h l y t h e s a m e a s in t h e 

Fig. 1. Ipsilateral reamputation was performed after 
one month in 10.4% of patients, after three months in 
16.5% and after six months in 18.8%. Thereafter, until 
four years from the initial operation, a further 4 .3% 

were reamputated. 

Fig. 2. One year after primary amputation, 
contralateral amputation in the compound group had 
been performed in 11.9% of patients, after two years 
in 17.8%, after three years in 27.2% and after four 
years in 44 .3%. The incidence in diabetic amputees 
( D M ) after four years was 52.6%, whereas in the 

non-diabctic group ( ASCL) it was 38%. 

Fig. 3. Compound survival of diabetic and non-
diabetic amputees. 

Fig. 4. A significantly increased mortality among 
amputees compared with a "normal" population is 
shown during the first three postoperative months. 
During the next three months the mortality is the same 
and after six months a significantly decreased mortality 

in the amputee group is demonstrated. 



n o r m a l p o p u l a t i o n , b u t a t a n y l a t e r s t a g e t h e 

c h a n c e s o f s u r v i v a l a r e s igni f icant ly ( p < 0 . 0 0 1 ) 

g r e a t e r in t h e a m p u t e e g r o u p . T h e r e a s o n s for 

t h i s u n e x p e c t e d o b s e r v a t i o n a r e n o t k n o w n a t 

p r e s e n t , b u t it is t e m p t i n g t o p o s t u l a t e t h a t t h e 

frai l a n d in f i rm a r e e l i m i n a t e d t h r o u g h t h e 

o p e r a t i v e s t r e s s , l e a v i n g a l ive t h e f i t tes t . 

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

first l o w e r e x t r e m i t y a m p u t a t i o n is d e m o n s t r a t e d 

in F i g . 5 . A f t e r f o u r y e a r s 3 6 . 6 % of t h e p a t i e n t s 

a r e sti l l a l i ve w i t h o u t f u r t h e r a b l a t i v e s u r g e r y . A 

f u r t h e r 4 0 . 9 % h a v e b e e n s u b j e c t e d t o i p s i l a t e r a l 

r e a m p u t a t i o n ( 9 . 5 % ) o r c o n t r a l a t e r a l 

a m p u t a t i o n ( 3 1 . 4 % ) . A f t e r f o u r y e a r s 2 2 . 5 % a r e 

d e a d . 

D i s c u s s i o n 

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

b e e n d e s c r i b e d a s r a n g i n g f r o m 7 . 5 % t o 4 8 % 

( S a r m i e n t o 1968 ) a n d from 1 2 . 5 % t o 3 0 % 

( P e r s s o n & S u n d é n 1971) . 

D u r i n g t h e 4 8 - m o n t h s ' o b s e r v a t i o n p e r i o d a 

t o t a l o f 2 3 . 1 % of o u r p a t i e n t s w e r e r e a m p u t a t e d . 

I n o u r s e r i e s a p p r o x i m a t e l y ha l f t h e t o t a l 

n u m b e r o f r e a m p u t a t i o n s ( 1 0 . 4 % ) w e r e p e r 

f o r m e d w i t h i n 1 m o n t h of t h e p r i m a r y o p e r a t i o n , 

t h r e e q u a r t e r s ( 1 6 . 5 % ) a f t e r 3 m o n t h s a n d 

a l m o s t a l l ( 1 8 . 8 % ) w i t h i n 6 m o n t h s f o l l o w i n g t h e 

in i t i a l a m p u t a t i o n . F r o m t h e 7 t h t h r o u g h t h e 

4 8 t h m o n t h o n l y a f u r t h e r 4 . 4 % of t h e a m p u t e e 

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

N o p r e v i o u s s t u d y d e t a i l s t h e e x a c t t i m e of 

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

o f t i m e . 

T h e s e findings s u g g e s t t h a t t h e m a j o r i t y of 

i p s i l a t e r a l r e a m p u t a t i o n s w e r e s e q u e l s t o a n 

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

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

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

in i t i a l 6 p o s t o p e r a t i v e m o n t h s it s t a n d s a v e r y 

g o o d c h a n c e o f p e r m a n e n c y . 

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

B a d d e l e y & F u l f o r d (1965) r e c o r d e d 2 0 % 

c o n t r a l a t e r a l a m p u t a t i o n s w i t h i n t h r e e y e a r s . 

T h e c o r r e s p o n d i n g findings o f S i l be r t ( 1952) 

w e r e 3 0 % a f t e r t h r e e y e a r s a n d 5 1 % a f t e r five 

y e a r s . M a z e t ( 1 9 6 7 ) in a g r o u p of u n i l a t e r a l 

d i a b e t i c a m p u t e e s c o m p u t e d t h e risk o f 

c o n t r a l a t e r a l a m p u t a t i o n a t 10 , 2 0 a n d 4 0 % a f t e r 

1 , 2 a n d 5 y e a r s . G o l d n e r ( 1 9 6 0 ) f o l l o w e d 7 1 

d i a b e t i c p a t i e n t s w i t h a m p u t a t i o n o n o n e s i d e o f 

w h o m 6 6 % e v e n t u a l l y d e v e l o p e d c o n t r a l a t e r a l 

l e s i o n s ; a m o n g t h e s e t w o t h i r d s ( 6 8 % ) w e r e 

a m p u t a t e d . T h e a d v e n t of t h e c o n t r a l a t e r a l 

l e s i o n w a s r e c o r d e d w i t h i n t h e 1 s t — 4 t h y e a r s in 

2 3 , 6 1 , 7 2 a n d 8 9 % of a l l . W i t h t h e s t a t e d 

a m p u t a t i o n r a t e o f 6 8 % t h i s w o u l d m e a n 

c o n t r a l a t e r a l a m p u t a t i o n in 1 5 . 6 , 4 1 . 5 , 4 9 a n d 

6 0 . 5 % of t h e o r i g i n a l l y u n i l a t e r a l a m p u t e e s 

w i t h i n t h e 1st t h r o u g h 4 t h y e a r s . 

T h e a b o v e m e n t i o n e d figures c o r r e s p o n d 

fa i r ly w e l l t o t h o s e o f o u r s e r i e s , in p a r t i c u l a r t h e 

g e n e r a l t r e n d is i d e n t i c a l , t o w a r d s a r e l e n t l e s s l y 

i n c r e a s i n g risk o f c o n t r a l a t e r a l a m p u t a t i o n . I t 

s h o u l d b e s t r e s s e d t h a t w h e r e a s t h e s t u d i e s 

r e f e r r e d t o w e r e all c o n c e r n e d w i t h d i a b e t i c 

a m p u t e e s , w e f o u n d t h e s a m e t e n d e n c y in n o n -

d i a b e t i c s a s w e l l . 

M a n y a u t h o r s o p e r a t e w i t h t h e c o n c e p t " i n -

h o s p i t a l m o r t a l i t y " o r " p o s t o p e r a t i v e m o r t a l i t y " 

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

t h e h o s p i t a l i z a t i o n . 

I n c o n t e m p o r a r y w o r k it h a s b e c o m e 

c o n v e n t i o n a l t o s u b s t i t u t e " 3 - m o n t h m o r t a l i t y " 

i . e . t h e r a t e o f d e a t h w i t h i n 3 m o n t h s fo l l owing 

in i t i a l s u r g e r y . F o r t h i s r e a s o n it is n o t p o s s i b l e t o 

c o m p a r e e x a c t l y t h e m o r t a l i t y in d i f f e r en t s e r i e s . 

T h e i n - h o s p i t a l m o r t a l i t y r a n g e s f r o m 9 % 

( K a h n 1974) o v e r 1 1 . 9 % ( P e r s s o n & S u n d é n 

1971 ) a n d 1 2 % ( S m i t h 1956) , t h r o u g h 2 5 % 

( K o l i n d - S ø r e n s e n 1974) . I n a n a t i o n w i d e s u r v e y 

o f l o w e r e x t r e m i t y a m p u t a t i o n s in D e n m a r k 

d u r i n g 1977 E b s k o v (1979) f o u n d a n a v e r a g e 

i n - h o s p i t a l m o r t a l i t y of 1 4 % — v a r y i n g b e t w e e n 

8 % a n d 2 1 % in d i f f e r e n t p a r t s o f t h e c o u n t r y . 

T h e t o t a l n u m b e r o f a m p u t e e s w a s 1725 a n d t h e 

a v e r a g e d u r a t i o n o f h o s p i t a l i z a t i o n w a s 47 d a y s . 

I n t h e p r e s e n t s e r i e s o f 2 , 0 2 9 a m p u t e e s 1 6 . 6 % 

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

s u r g e r y . 

A s wi l l b e s e e n t h e r e is n o p r i n c i p a l d i f f e r e n c e 

in t h i s r e s p e c t . T h i s c o m p a t i b i l i t y c h a n g e s w h e n 

Fig. 5 . Four years after the initial amputation three out 
of four patients were still alive. Almost half of these 
had no further amputation. The remainder had been 
ipsi- or contralaterally amputated at a later stage 

within the observation period. 



t h e m o r t a l i t y is f o l l o w e d o v e r a l o n g e r s p a n of 

t i m e . 

H a n s s o n ( 1 9 6 4 ) s h o w e d 4 5 % , 5 8 % , 7 1 % a n d 

7 6 % m o r t a l i t y 1, 2 , 3 a n d 4 y e a r s 

p o s t o p e r a t i v e l y . 

E c k e r & J a c o b s ( 1 9 7 0 ) f o u n d a 3 9 % m o r t a l i t y 

a f t e r 3 y e a r s , K o l i n d - S ø r e n s e n (1974) 

d e m o n s t r a t e d 5 0 % a f t e r 5 y e a r s , S m i t h (1956) 

6 0 % a f t e r 5 y e a r s a n d W h i t e h o u s e e t a l . (1968) c. 

8 0 % a f t e r 7 y e a r s . 

I n o u r s e r i e s t h e p e r c e n t a g e s a f t e r 1 t h r o u g h 4 

y e a r s a r e 1 8 . 4 , 1 9 . 2 , 2 0 . 3 a n d 2 2 . 5 . A s far a s c a n 

b e j u d g e d t h e r e a r e n o m a j o r d i f f e r e n c e s in 

a e t i o l o g y a n d a g e d i s t r i b u t i o n , t h e so le 

d i f f e r e n c e in fact b e i n g t h e m u c h m o r e 

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

H a n s o n ( 1 9 6 4 ) flatly s t a t e d t h a t t h e m o r t a l i t y 

in a g r o u p o f 2 5 4 p a t i e n t w a s f o u r t i m e s t h a t of a 

c o m p a r a b l e " n o r m a l " p o p u l a t i o n . T h i s is in 

s t r o n g c o n t r a s t t o o u r findings t h a t a f t e r 6 

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

h i g h l y s ign i f i can t u n d e r - m o r t a l i t y a s c o m p a r e d 

w i t h t h e " n o r m a l " p o p u l a t i o n . T h e r e is n o 

k n o w n e x p l a n a t i o n fo r th i s d i s c r e p a n c y . 

W h i t e h o u s e e t a l . (1968) s t a t e d tha t " a 

d i a b e t i c a m p u t e e wil l p r o b a b l y lose h i s life 

b e f o r e h e l o s e s h i s s e c o n d l e g " . T h i s d i c t u m is 

w i d e l y c i t e d , b u t it is c e r t a i n l y n o t in 

c o r r e s p o n d e n c e w i t h t h e f ind ings in t h e p r e s e n t 

s e r i e s , w h e r e v e r y s igni f icant n u m b e r s of 

d i a b e t i c s a n d n o n - d i a b e t i c s l ive l o n g e n o u g h t o 

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

l eg a n d in p a r t i c u l a r t o lose in e v e r i n c r e a s i n g 

n u m b e r s " t h e s e c o n d l e g " . 
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Ischaemic wound complications in above-knee amputations 
in relation to the skin perfusion pressure* 
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A b s t r a c t 
H e a l i n g o f t h e s t u m p s in 59 a b o v e - k n e e 
a m p u t a t i o n s w a s c o r r e l a t e d w i t h t h e loca l 
s k i n p e r f u s i o n p r e s s u r e ( S P P ) m e a s u r e d p r e -
o p e r a t i v e l y a s t h e e x t e r n a l p r e s s u r e r e q u i r e d 
t o s t o p i s o t o p e w a s h o u t u s i n g l 3 1I= o r l 2 5 I = a n t i -
p y r i n e m i x e d w i t h h i s t a m i n e . O u t of t h e 11 c a s e s 
w i t h a n S P P b e l o w 30 m m H g n o f e w e r t h a n 9 (82 
p e r c e n t ) s u f f e r e d w o u n d c o m p l i c a t i o n s . O u t of 
t h e 4 8 c a s e s w i t h a n S P P a b o v e 3 0 m m H g s e v e r e 
w o u n d c o m p l i c a t i o n s o c c u r r e d in o n l y 4 c a s e s (8 
p e r c e n t ) . T h e d i f f e r e n c e in w o u n d c o m p l i c a t i o n 
r a t e is h i g h l y s ign i f ican t ( P < 0 . 0 1 ) . I t is c o n c l u d e d 
t h a t t h e S P P c a n b e u s e d t o p r e d i c t i s c h a e m i c 
w o u n d c o m p l i c a t i o n s in a b o v e - k n e e a m p u 
t a t i o n s as h a s p r e v i o u s l y b e e n s h o w n to b e t h e 
c a s e in b e l o w - k n e e a m p u t a t i o n s . 

I n t r o d u c t i o n 
I t m a y b e s u r p r i s i n g t h a t , in s p i t e of i n c r e a s i n g 

k n o w l e d g e a b o u t v a s c u l a r d i s e a s e s a n d in s p i t e 
o f a l l t h e m o d e r n p r o g r e s s in su rg i ca l t e c h n i q u e s 
a s w e l l a s i n o b j e c t i v e m e a s u r e m e n t s of t h e 
c i r c u l a t i o n a n d in p o s t o p e r a t i v e m e a s u r e s , a n 
a b o v e - k n e e ( A K ) a m p u t a t i o n m u s t b e 
c o n s i d e r e d t h e o n l y p o s s i b l e t r e a t m e n t in 
r e g r e t t a b l y m a n y d y s v a s c u l a r p a t i e n t s . 

A r t e r i a l r e c o n s t r u c t i o n c a n b e m a d e o n l y in a 
l i m i t e d n u m b e r o f p a t i e n t s su f fe r ing f r o m 

o c c l u s i v e a r t e r i a l i s c h a e m i c d i s e a s e . A m o n g 
t h o s e p a t i e n t s w h o c o m e t o m a j o r a m p u t a t i o n a 
c o n s i d e r a b l e n u m b e r suf fer f r o m i s c h a e m i a t o 
s u c h a n e x t e n t t h a t a m p u t a t i o n b e l o w - k n e e ( B K ) 
c a n n o t h e a l . A n d n o t e v e n a n A K - a m p u t a t i o n is 
a g u a r a n t e e a g a i n s t i s c h a e m i c w o u n d 
c o m p l i c a t i o n s . 

I n B K - a m p u t a t i o n s i s c h a e m i c w o u n d 
c o m p l i c a t i o n s c a n b e p r e d i c t e d b y p r e o p e r a t i v e 
m e a s u r e m e n t o f t h e l oca l sk in p e r f u s i o n p r e s s u r e 
( S P P ) ( H o l s t e i n e t a l . 1979) . T h e p r e s e n t s t u d y 
c o n c e r n s t h e S P P in r e l a t i o n t o w o u n d 
c o m p l i c a t i o n s in a b o v e - k n e e a m p u t a t i o n s . 

P a t i e n t s a n d m e t h o d s 
Patients: 

S i x t y - t w o a b o v e - k n e e a m p u t a t i o n s in 5 8 
p a t i e n t s w e r e p e r f o r m e d a f t e r p r e o p e r a t i v e 
m e a s u r e m e n t o f t h e s k i n p e r f u s i o n p r e s s u r e 
b e l o w a n d a b o v e t h e k n e e . T h e d i s t r i b u t i o n 
a c c o r d i n g t o a g e , s ex a n d t h e p r e s e n c e o f 
d i a b e t e s m e l l i t u s is s h o w n in T a b l e 1. N i n e h a d 
p r e v i o u s l y h a d a c o n t r a l a t e r a l m a j o r a m p u t a t i o n 
a n d in 15 p a t i e n t s t h e a b o v e - k n e e a m p u t a t i o n 
w a s s e c o n d a r y t o a fa i led m a j o r a m p u t a t i o n a t a 
m o r e d i s t a l l e v e l ; in 14 c a s e s b e l o w - k n e e a n d in 
o n e c a s e t h r o u g h - k n e e ( T K ) . F o r t y - n i n e o f t h e 
p a t i e n t s u n d e r g o i n g A K - a m p u t a t i o n s w e r e 
c a p a b l e o f i n d e p e n d e n t w a l k i n g u p t o t h e p e r i o d 
o f m a j o r a m p u t a t i o n . 

*Based on a paper presented at the ISPO International 
Course on Above-knee Prosthetics, Rungsted, 
November, 1978 and published in Acta Orthop. 
Scand. 50:1 ,59-66 . 

Table I. Age distribution in 62 cases of above-knee amputation 



T h e s u r g i c a l t e c h n i q u e u s e d w a s s i m p l e 
a m p u t a t i o n a t m i d t h i g h o r l ow m i d t h i g h l eve l , 
t h e a n t e r i o r f lap o f t e n b e i n g l o n g e r t h a n t h e 
p o s t e r i o r f l ap . M y o p l a s t y w a s n o t u s e d . S u c t i o n 
d r a i n a g e w a s e m p l o y e d in m o s t c a s e s a n d t h e 
w o u n d w a s d r e s s e d l o o s e l y ( T u b e g a u z e ( R ) ) . 
S u t u r e s w e r e r e m o v e d o n t h e 14 th t o t h e 21s t 
p o s t o p e r a t i v e d a y . T h e p a t i e n t s w e r e m o b i l i z e d 
a s s o o n a s p o s s i b l e in a w h e e l c h a i r o r o n w a l k i n g 
a p p l i a n c e s . P r o s t h e t i c fitting w a s u n d e r t a k e n 
w h e n t h e s t u m p w a s we l l h e a l e d . 

Measurement of the SPP. 
T h e S P P , w h i c h in n o r m a l s u b j e c t s lies s l ight ly 

a b o v e t h e s y s t e m i c d i a s t o l i c b l o o d p r e s s u r e , w a s 
d e t e r m i n e d as t h a t e x t e r n a l c o u n t e r p r e s s u r e 
w h i c h w a s j u s t suff ic ient t o s t o p t h e w a s h o u t of 
a n i n t r a d e r m a l d e p o t of r a d i o a c t i v e i s o t o p e s 
( H o l s t e i n e t a l . 1977) . 

A p p r o x i m a t e l y 0 .1 ml of a s t e r i l e s o l u t i o n 
c o n t a i n i n g 1 0 - 2 0 μ C i 1 3 1 I = a n t i p y r i n e (o r 3 0 - 4 0 
μCi l 2 5 I = a n t i p y r i n e ) a n d 5 0 m g h i s t a m i n e 
d i p h o s p h a t e w a s i n j e c t e d i n t r a d e r m a l s a n d a 
w a s h o u t c u r v e w a s r e c o r d e d . T h e e x t e r n a l 
p r e s s u r e w a s a p p l i e d by a b l o o d p r e s s u r e cuff 
a n d m e a s u r e d b y a s q u a r e air-f i l led p l a s t i c 
c u s h i o n ( i n f l a t a b l e p a r t , 11 by l l c m ) i n t e r p o s e d 
b e t w e e n t h e l a b e l l e d sk in a n d t h e cuff a n d 
c o n n e c t e d t o a n o r d i n a r y m e r c u r y m a n o m e t e r . 
( F i g . 1) . W h e n t h e w a s h o u t r a t e , w h i c h 

a c c e l e r a t e s d u r i n g t h e first 2 t o 15 m i n u t e s , h a d 
b e e n c o n s t a n t fo r 3 t o 5 m i n u t e s , t h e e x t e r n a l 
p r e s s u r e w a s r a i s e d in s t e p s r e s u l t i n g in a 
s t e p w i s e d e c r e a s e in w a s h o u t r a t e un t i l 
c e s s a t i o n . (F ig . 2 ) . A t e a c h of t h e final s t e p s t h e 
t r a c i n g w a s o b s e r v e d for a b o u t 5 m i n u t e s a n d 
a f t e r w a s h o u t c e s s a t i o n t h e e x t e r n a l p r e s s u r e w a s 
r e l e a s e d t o z e r o in o r d e r t o s e c u r e t h a t t h e 
w a s h o u t w a s r e - e s t a b l i s h e d . T h e w a s h o u t 
c e s s a t i o n p r e s s u r e , v iz . t h e S P P , w a s d e t e r m i n e d 
w i t h i n a n i n t e r v a l o f 5 m m H g a n d w a s de f ined as 
t h e h i g h e s t e x t e r n a l p r e s s u r e w h i c h a l l o w e d a 
m i n i m a l w a s h o u t t o b e d i s c e r n e d , p l u s 3 m m H g . 

T h e s i t e s of m e a s u r e m e n t s w e r e a p p r o x 
i m a t e l y 10 c m d i s t a l t o t h e k n e e j o i n t o n t h e 
a n t e r o l a t e r a l s i d e of t h e calf j u s t super f ic ia l t o 
t h e a n t e r i o r t ib ia l m u s c l e a n d 10 c m p r o x i m a l t o 
t h e u p p e r m a r g i n of t h e p a t e l l a o n t h e 
a n t e r o l a t e r a l s i d e of t h e t h igh i .e . in m o s t c a s e s 

Fig. 1 Measurement of skin perfusion pressure on the 
calf. The washout from an intradermal depot of 131I=antipyrine mixed with histamine is recorded by a 
conventional scintillation detector coupled to a 
ratemeter and written on a penwriter. External 
counter pressure to the labelled skin area is applied 
stepwise with an ordinary blood pressure cuff and 
measured with an airfilled plastic cushion interposed 
between the cuff and the depot and connected to a 

conventional mercury manometer. 

Fig. 2. Replotting of a washout curve. The washout 
stops at 70 m m H g (skin perfusion pressure= 68 
mmHg) . The hatched columns indicate the external 
counter pressure. The vertical bars indicate the 
auscultatory brachical blood pressure. Observe that 
the washout is re-established after releasing of the 

external pressure. 



w i t h i n a r a n g e o f a b o u t 5 c m f r o m t h e s e l e c t e d 
l eve l s of a m p u t a t i o n . 

T h e p a t i e n t s w e r e e x a m i n e d in t h e s u p i n e 
p o s i t i o n w i t h legs h o r i z o n t a l . R e p e a t e d i.v. 
d o s e s o f a n a l g e t i c s ( d e m e r o l e , 35 m g ) suff ic ient 
t o p r e v e n t i n v o l u n t a r y m o v e m e n t s f r o m res t 
p a i n s w e r e g i v e n a n d , in a d d i t i o n , t h e legs 
w e r e s u p p o r t e d by s a n d b a g s . C o n v e n t i o n a l 
a u s c u l t a t o r y a r m b l o o d p r e s s u r e w a s r e p e a t e d l y 
m e a s u r e d u s i n g a 12 b y 26 c m cuff p l a c e d a r o u n d 
t h e left a r m . B e f o r e t h e e x a m i n a t i o n s t h e t h y r o i d 
g l a n d w a s b l o c k e d w i t h 0 .5 m g p o t a s s i u m i o d i d e 
g i v e n p e r o r a l l y in s o l u t i o n . 

R e s u l t s 
Mortality 

F o u r t e e n p a t i e n t s (24 p e r c e n t ) d i e d 
p o s t o p e r a t i v e l y d u r i n g h o s p i t a l i z a t i o n , six of 
t h e s e ( 1 0 p e r c e n t ) d i e d w i t h s e v e r e w o u n d 
c o m p l i c a t i o n s of t h e s t u m p . T w o of t h e s e h a d 
b i l a t e r a l A K a m p u t a t i o n s ; o n e d i e d w i t h 
b i l a t e r a l s t u m p n e c r o s i s a n d t h e o t h e r d i e d w i t h 
n e c r o s i s of o n e s t u m p a n d w i t h t h e s u t u r e s still in 
situ o n t h e o t h e r - i n t a c t - s t u m p . Six p a t i e n t s d i e d 
w i t h we l l h e a l e d s t u m p s a n d t w o p a t i e n t s d i e d 
w i t h t h e s u t u r e s n o t y e t r e m o v e d f r o m a n i n t a c t 
s t u m p . 

T h u s a n a l y s i s o f w o u n d c o m p l i c a t i o n s in 
r e l a t i o n t o t h e p r e o p e r a t i v e l y m e a s u r e d S P P ( s e e 
b e l o w ) c o u l d b e m a d e in 59 A K a m p u t a t i o n s in 
5 6 p a t i e n t s — e x c l u d i n g t h e t h r e e i n t a c t s t u m p s 
w i t h s u t u r e s in situ a t t h e t i m e of d e a t h . 

F i g u r e 3 s h o w s t h e h e a l i n g of t h e s t u m p in 
r e l a t i o n t o t h e S P P . T h e t h r e e c a s e s w i t h a n S P P 
b e l o w 2 0 m m H g al l h a d m a j o r w o u n d c o m p l i 
c a t i o n s . I n o n e c a s e t h e p a t i e n t d i e d w i th t o t a l 
r u p t u r e a n d s e v e r e n e c r o s i s of t h e w o u n d . In t w o 
c a s e s s e v e r e n e c r o s i s p o s t p o n e d t h e h e a l i n g , 
w h i c h w a s n o t c o m p l e t e un t i l a f t e r 4 a n d 5 
m o n t h s r e s p e c t i v e l y . 

O n l y o n e o u t of e i g h t c a s e s (12 p e r c e n t ) w i t h a 

p r e o p e r a t i v e S P P b e t w e e n 2 0 a n d 3 0 m m H g 
h e a l e d p r i m a r i l y . I n o n e c a s e h e a l i n g of a 
m i n i m a l d e f e c t t o o k p l a c e by s e c o n d i n t e n t i o n 
w i t h i n 6 w e e k s . T h e r e m a i n i n g six p a t i e n t s all 
h a d m a j o r w o u n d c o m p l i c a t i o n s . In o n e c a s e 
s e v e r e n e c r o s i s d e l a y e d t h e h e a l i n g for 4 m o n t h s , 
i n t w o c a s e s m a j o r su rg i ca l r e v i s i o n s b e c a u s e of 
n e c r o s i s a n d i n f e c t i o n w e r e n e c e s s a r y a n d in 
t h r e e c a s e s t h e p a t i e n t s d i e d w i t h s e v e r e n e c r o s i s 
o f t h e s t u m p s . T h u s , s u m m a r i z i n g t h e cases w i t h 
S P P b e l o w 3 0 m m H g , 9 o u t of 11 (82 p e r c e n t ) 
s u f f e r e d s e v e r e w o u n d c o m p l i c a t i o n s . 

T h i r t y - s i x o u t o f t h e 4 8 c a s e s ( 7 5 . 0 p e r c e n t ) 
w i t h a p r e o p e r a t i v e S P P of a b o v e 30 m m H g 
h e a l e d p r i m a r i l y . In e i g h t c a s e s s m a l l d e f e c t s 
h e a l e d r a p i d l y , i . e . w i t h i n 2 m o n t h s . In f o u r 
c a s e s (8 p e r c e n t ) m a j o r w o u n d c o m p l i c a t i o n s 
d e v e l o p e d . In t w o of t h e s e c a s e s — b o t h w i t h a 
p r e o p e r a t i v e S P P of 3 0 - 4 0 m m H g — i . e . o n t h e 
b o r d e r l i n e o f t h e r i sk g r o u p w i t h a n S P P b e l o w 
3 0 m m H g — s u r g i c a l r e v i s i o n b e c a u s e of s e v e r e 
n e c r o s i s w a s c a r r i e d o u t . In o n e of t h e s e c a s e s t h e 
p a t i e n t d i e d w i t h n e c r o s i s of t h e r e v i s e d s t u m p . 
I n t w o c a s e s w i t h n o r m a l S P P , i .e . 60 t o 7 0 
m m H g , t h e p a t i e n t s d i e d w i t h s e v e r e w o u n d 
c o m p l i c a t i o n s ; o n e w i t h i n f ec t i on o f t h e w o u n d 
a n d seps i s a n d t h e o t h e r w i t h r u p t u r e of t h e 
i n f e c t e d w o u n d . T h e c l in ica l p i c t u r e , a swe l l i ng , 
w a r m , r e d s t u m p in t h e s e t w o c a s e s w i t h n o r m a l 
S P P a n d i n f e c t i o n w a s ve ry d i f f e r e n t f r o m t h e 
n e c r o t i c a p p e a r a n c e of t h e low p r e s s u r e s t u m p s . 

T h e s e d i f f e r e n c e s in p r i m a r y h e a l i n g r a t e a n d 
in m a j o r w o u n d c o m p l i c a t i o n r a t e in t h e v a r i o u s 
S P P g r o u p s a r e h igh ly s igni f icant for t h e t o t a l 
n u m b e r of c a s e s a n d fo r t h e 43 n o n - d i a b e t i c c a s e s 
( F i g . 3 ) . In t h e 16 d i a b e t i c c a s e s t h e r e w e r e o n l y 2 

Fig. 3. Wound complications in 59 AK amputations in 
relation to the local skin perfusion pressure measured 

preoperatively. 



m a j o r w o u n d c o m p l i c a t i o n s ( 1 2 p e r c e n t ) 
c o m p a r e d w i t h 11 m a j o r c o m p l i c a t i o n s (26 p e r 
c e n t ) in t h e n o n - d i a b e t i c g r o u p ( 0 . 5 < P < 0 . 1 0 ) . 
T h e S P P in t h e d i a b e t i c g r o u p , w h i c h a v e r a g e d 
5 8 . 1 m m H g , w a s h o w e v e r , s igni f icant ly h i g h e r 
t h a n in t h e n o n - d i a b e t i c g r o u p w h e r e t h e a v e r a g e 
w a s 4 2 . 9 m m H g ( P < 0 . 0 1 ) a n d o n l y 2 o f t h e 
d i a b e t i c c a s e s h a d a n S P P b e l o w 3 0 m m H g . 

A m o n g t h e 14 c a s e s w i t h A K a m p u t a t i o n s 
s e c o n d a r y t o f a i l ed B K a m p u t a t i o n s t h e w o u n d 
h e a l e d p r i m a r i l y in 12 c a s e s . In o n e c a s e t h e 
w o u n d h e a l e d s l o w l y ( i n 6 m o n t h s ) a n d in o n e 
c a s e t h e p a t i e n t d i e d f r o m w o u n d i n f e c t i o n . T h e 
a v e r a g e S P P a t t h e B K leve l b e f o r e t h e B K 
a m p u t a t i o n s in t h e s e 14 c a s e s w a s 3 1 . 0 m m H g 
( r a n g e 8 - 6 3 m m H g ) , a s a g a i n s t 5 4 . 3 m m H g 
( r a n g e 2 3 - 6 8 m m H g ) a t t h e A K leve l b e f o r e t h e 
A K a m p u t a t i o n s ( P < 0 . 0 1 ) . 

T h e T K a m p u t a t i o n w h i c h fa i led h a d 
p r e o p e r a t i v e l y a n S P P of 2 8 m m H g b e l o w t h e 
k n e e . T h e r e v i s i o n t o A K a m p u t a t i o n h e a l e d 
p r i m a r i l y a f t e r m e a s u r e m e n t s of t h e S P P a b o v e 
t h e k n e e , w h i c h w a s 3 8 m m H g . 

A m o n g t h e 4 4 c a s e s w h e r e a n A K a m p u t a t i o n 
w a s t h e p r i m a r y o p e r a t i o n , t h e S P P below t h e 
k n e e w a s l ess t h a n 3 0 m m H g in 32 c a s e s i . e . w i t h 
g r e a t r i sk o f i s c h a e m i c c o m p l i c a t i o n s a t t h a t l ow 
l e v e l . I n 12 c a s e s t h e S P P below t h e k n e e w a s 

g r e a t e r t h a n 3 0 m m H g . T h e g e n e r a l c o n d i t i o n o f 
t h e s e p a t i e n t s , h o w e v e r , w a s s o p o o r t h a t a 
p r i m a r y A K a m p u t a t i o n w a s c o n s i d e r e d t h e 
s a f e s t t r e a t m e n t a n d t h e A K a m p u t a t i o n h e a l e d 
p r i m a r i l y in 10 c a s e s a n d s e c o n d a r i l y , c a u s e d b y 
v e r y s m a l l d e f e c t s , in 2 c a s e s . 

Rehabilitation 
T h e p a t i e n t s r e t u r n e d t o t h e i r o w n h o m e s in 2 8 

o u t o f 4 8 c a s e s ( 5 8 p e r c e n t ) . O f t h e 49 p a t i e n t s 
w h o c o u l d w a l k p r i o r t o m a j o r a m p u t a t i o n , 
r e h a b i l i t a t i o n a s r e g a r d s w a l k i n g w i t h a 
p r o s t h e s i s w a s o b t a i n e d in 2 0 c a s e s (41 p e r c e n t ) . 
T h e w a l k i n g ab i l i t y w a s n o t r e g a i n e d in t h e 
r e m a i n i n g 2 9 c a s e s d u e t o d e a t h in 9 c a s e s , t o 
p o o r m e n t a l a n d p h y s i c a l c o n d i t i o n in 15 c a s e s 
a n d t o b i l a t e r a l m a j o r a m p u t a t i o n in 5 c a s e s . 

T h e a v e r a g e t i m e s p e n t in h o s p i t a l p e r A K 
a m p u t a t i o n w a s 1 5 . 8 w e e k s . T a b l e 2 s h o w s t h a t 
t h e preoperative p e r i o d w a s a b o u t n i n e t i m e s 
l o n g e r in p a t i e n t s w i t h f a i l ed m a j o r a m p u t a t i o n 
a t a l o w e r l e v e l . R e h a b i l i t a t i o n o r a n a t t e m p t a t 
r e h a b i l i t a t i o n a s r e g a r d s w a l k i n g i n c r e a s e d t h e 
postoperative t i m e a b o u t t h r e e t o five t i m e s . 
W o u n d c o m p l i c a t i o n s d i d n o t o n a v e r a g e 
i n c r e a s e t h e p e r i o d of h o s p i t a l i z a t i o n , b u t s o m e 
of t h e s e p a t i e n t s d i e d in t h e e a r l y p o s t o p e r a t i v e 
p e r i o d . 

Table 2 Number of weeks spent in hospital in relation to primary or secondary AK amputation and to 
rehabilitation 



D i s c u s s i o n 
T h e h e a l i n g o f t h e A K a m p u t a t i o n s c o r r e l a t e d 

s ign i f i can t ly w i t h t h e p r e o p e r a t i v e S P P . T h e 
p o o r r e s u l t s in p a t i e n t s w i t h a n S P P b e l o w 30 
m m H g a g r e e w i t h p r e v i o u s findings in B K 
a m p u t a t i o n s ( H o l s t e i n e t a l . 1979) . 

A p a r t f r o m a p r e l i m i n a r y r e p o r t o n th is s e r i e s 
( H o l s t e i n 1973) n o s t u d i e s of w o u n d h e a l i n g in 
a b o v e - k n e e s t u m p s in r e l a t i o n t o o b j e c t i v e 
m e a s u r e m e n t s o f t h e a r t e r i a l s u p p l y h a v e 
p r e v i o u s l y b e e n p u b l i s h e d . O u r r a t e of p r i m a r y 
h e a l i n g ( 6 2 . 7 p e r c e n t ) i s , h o w e v e r , of t h e s a m e 
o r d e r a s t h a t r e p o r t e d in l a r g e r s e r i e s in t h e 
l i t e r a t u r e ( D a l e & C a p p s 1959 , Sch l i t t & Se r l i n 
1 9 6 0 , W a r r e n & K i h n 1968 , H a l l & S c h u c k s m i t h 
1 9 7 1 , K i h n e t a l . 1972) . 

T h e h i g h m o r t a l i t y (24 p e r c e n t d u r i n g 
h o s p i t a l i z a t i o n ) re f lec t s t h e o f t en p o o r c o n d i t i o n 
o f t h e p a t i e n t s u n d e r g o i n g A K a m p u t a t i o n s . O u r 
figure falls w i t h i n t h e r a n g e of m o r t a l i t y r a t e s of 
a b o u t 1 0 - 4 0 p e r c e n t in l a r g e r s e r i e s in t h e 
l i t e r a t u r e ( D a l e & C a p p s 1959 , L e m p k e e t a l . 
1 9 6 3 , W a r r e n & K i h n 1968 , H a n s s o n 1964 , 
O t t e m a n & S t a h l g r e n 1 9 6 5 , H a l l & S c h u c k s m i t h 
1 9 7 1 ) . 

I n d i s c u s s i n g t h e i m p o r t a n c e of t h e S P P in 
r e l a t i o n t o A K a m p u t a t i o n s o n e m u s t d i s t i n g u i s h 
b e t w e e n t w o d i f f e r e n t g r o u p s of p a t i e n t s . T h e 
first g r o u p c o n s i s t s o f p a t i e n t s w h o h a v e lost t h e 
ab i l i t y t o w a l k for r e a s o n s o t h e r t h a n t h e 
p e r i p h e r a l i s c h a e m i a a n d in t h e s e p a t i e n t s t h e 
a i m o f t h e a m p u t a t i o n is t o r e l i eve a pa in fu l 
u s e l e s s e x t r e m i t y w i t h a m i n i m u m of d i s c o m f o r t . 
I n 13 c a s e s i n o u r s e r i e s t h e p a t i e n t s b e l o n g e d t o 
t h i s c a t e g o r y . I n six c a s e s t h e p a t i e n t s su f f e r ed 
w o u n d c o m p l i c a t i o n s w h i c h in f o u r c a s e s w e r e 
r e l a t e d t o a n S P P b e l o w 30 m m H g . T h e s e 
findings p o i n t t o w a r d s t h e s e l e c t i o n of a s h o r t 
s t u m p in c a s e s o f i n a d e q u a t e b l o o d s u p p l y in a 
w e a k p a t i e n t . O n l y if t h e b l o o d s u p p l y is 
a d e q u a t e s h o u l d a l o n g s t u m p , w h i c h is m o r e 
c o m f o r t a b l e d u r i n g s i t t i n g a n d w h e n m o v i n g in 
b e d , b e c h o s e n . 

T h e l eve l s e l e c t i o n is m o r e difficult in t h e 
s e c o n d g r o u p w h e r e t h e p a t i e n t s h a v e b e e n a b l e 
t o w a l k u p t o t h e t i m e of a m p u t a t i o n . I n t h e s e 
c a s e s t h e r e s u l t o f t h e t r e a t m e n t s h o u l d b e 
c o n s i d e r e d s a t i s f a c t o r y o n l y if t h e ab i l i ty t o w a l k 
is r e g a i n e d b y m e a n s o f a p r o s t h e s i s ; 4 1 p e r c e n t 
a c h i e v e d t h i s in t h e s e r i e s . I n p r i n c i p l e a l o n g 
s t u m p f ac i l i t a t e s w a l k i n g w i t h a p r o s t h e s i s a n d 
w h e n t h i s a d v a n t a g e is a d d e d t o t h e p r e v i o u s l y 
m e n t i o n e d c o m f o r t d u r i n g s i t t ing a n d m o v i n g in 

b e d i t s e e m s ju s t i f i ed t o t a k e t h e risk o f i s c h a e m i c 
w o u n d c o m p l i c a t i o n s in o r d e r t o o b t a i n a l o n g 
s t u m p . S l o w h e a l i n g m a y b e o b t a i n e d e v e n w h e n 
t h e S P P is o f t h e o r d e r of 2 0 t o 3 0 m m H g . B u t th i s 
m u s t b e b a l a n c e d a g a i n s t t h e r i sk of loss of 
a m b u l a t i o n in t h e e v e n t o f a l o n g p e r i o d w i t h a 
p a i n f u l , s l o w l y h e a l i n g u l c e r p r o h i b i t i n g 
p r o s t h e t i c t r a i n i n g — a n d e a r l y su rg i ca l r ev i s i on 
s h o u l d b e c o n s i d e r e d in c a s e of u l c e r s in o r d e r t o 
s h o r t e n t h e h e a l i n g t i m e . 

C o m p a r e d w i t h o u r figures fo r B K 
a m p u t a t i o n s ( H o l s t e i n e t a l . 1979) t h e a v e r a g e 
d u r a t i o n o f h o s p i t a l i z a t i o n for A K a m p u t a t i o n s 
w a s l ess . T h i s finding a g r e e s w i t h W e a v e r & 
M a r s h a l l s ' o b s e r v a t i o n s ( 1 9 7 3 ) . A h i g h m o r t a l i t y , 
a n u m b e r o f p a t i e n t s d i s c h a r g e d t o n u r s i n g 
h o m e s s o o n a f t e r s u r g e r y a n d o n l y a few 
r e a m p u t a t i o n s , r e d u c e d t h e a v e r a g e p e r i o d of 
h o s p i t a l i z a t i o n in p a t i e n t s u n d e r g o i n g A K 
a m p u t a t i o n s . 

T o s u m m a r i z e , t h e S P P is a v e r y r e l i a b l e 
m e a n s of p r e d i c t i n g i s c h a e m i c w o u n d 
c o m p l i c a t i o n s i n A K a m p u t a t i o n s . T h e 
i m p l i c a t i o n s o f w o u n d c o m p l i c a t i o n s a r e , 
h o w e v e r , v e r y v a r i a b l e , r a n g i n g f r o m h e a l i n g by 
s e c o n d i n t e n t i o n w i t h p r e s e r v a t i o n of t h e s t u m p 
l e n g t h t o a l i f e - t h r e a t e n i n g c o m p l i c a t i o n . If 
i s c h a e m i c w o u n d c o m p l i c a t i o n s a r e t o b e 
a v o i d e d m e t i c u l o u s s u r g e r y is r e q u i r e d a n d in 
n o n - m o b i l e w e a k p a t i e n t s a s h o r t s t u m p l e n g t h is 
a d v o c a t e d in t h e c a s e of a l o w S P P . 

A c k n o w l e d g e m e n t s 
T h i s s t u d y w a s s u p p o r t e d in p a r t by g r a n t s 

f r o m " H j e r t e f o r e n i n g e n " a n d f r o m " D e n 
l a e g e v i d e n s k a b e l i g e f o r s k n i n g s f o n d for S t o r k o 
b e n h a v n , F a e r o e r n e o g G r o n l a n d " . 
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Major amputations of the lower extremity for vascular disease 
A . H . B O O N T J E 

University Hospital, Groningen 

I n t r o d u c t i o n 
D e s p i t e c o n t i n u i n g p r o g r e s s in v a s c u l a r s u r g e r y , 
s o m e 9 0 % of al l a m p u t a t i o n s of t h e l o w e r l i m b 
a r e sti l l b e i n g p e r f o r m e d for v a s c u l a r occ lu s ive 
d i s e a s e . G a n g r e n e t o o c a n b e e x t e n s i v e . A 
p a t i e n t c a n b e i n o p e r a b l e fo r v a s c u l a r s u r g e r y 
a n d a r t e r i a l r e c o n s t r u c t i o n o r l u m b a r 
s y m p a t h e c t o m y d o e s n o t a l w a y s g ive t h e d e s i r e d 
e f f ec t . 

A m p u t a t i o n s of t h e l o w e r l imb will t h e r e f o r e 
c o n t i n u e t o b e p a r t o f t h e a r m a m e n t a r i u m of t h e 
v a s c u l a r s u r g e o n . A n a m p u t a t i o n is a s e m i -
e l e c t i v e o p e r a t i o n . T h e d e g r e e a n d p r o g r e s s i o n 
o r r e g r e s s i o n o f t h e i s c h e m i a a r e o f t e n difficult t o 
j u d g e a n d p r e d i c t . I t is g e n e r a l l y a d v i s a b l e t o 
o b s e r v e a n i s c h e m i c leg for a t l eas t a few d a y s a n d 
t o t a k e c o n s e r v a t i v e m e a s u r e s , b o t h l oca l a n d b y 
m e a n s o f 1 0 % D e x t r a n by i n t r a v e n o u s d r i p . 
T h e n t h e r e is t i m e for f u r t h e r e v a l u a t i o n of t h e 
g e n e r a l c o n d i t i o n o f t h e p a t i e n t a n d for 
a n g i o g r a p h y . P h y s i o t h e r a p y is r e q u i r e d as we l l . 
M o r e o v e r , t h e l eve l o f a m p u t a t i o n , b e l o w - k n e e 
o r a b o v e - k n e e , c a n b e d e t e r m i n e d m o r e r e l i a b l y . 

B e l o w - k n e e a m p u t a t i o n is d o n e w i t h t h e 
f o r m a t i o n o f a l o n g p o s t e r i o r m u s c u l o c u t a n e o u s 
flap w i t h m y o p l a s t y , a n d a n a b o v e - k n e e 
a m p u t a t i o n is p e r f o r m e d b y m e a n s of a 
fishmouth i nc i s ion a n d m y o p l a s t y . O n l y a soft 
d r e s s i n g , w i t h o u t p l a s t e r o f P a r i s o r b a n d a g e , is 
u s e d o n t h e s t u m p . 

P a t i e n t ser ies 
A s e r i e s o f 151 p a t i e n t s w i t h 171 p r i m a r y 

a m p u t a t i o n s , p e r f o r m e d o v e r a p e r i o d of six 
y e a r s ( 1 9 7 2 - 1 9 7 7 ) , is r e v i e w e d . R e - a m p u t a t i o n s 
a r e n o t i n c l u d e d in t h i s n u m b e r . M o r e t h a n o n e -
t h i r d of t h e p a t i e n t s w e r e in t h e s e v e n t h d e c a d e 
o f life ( F i g . 1 ) ; 8 9 of t h e 151 p a t i e n t s w e r e m a l e 
a n d 6 2 f e m a l e . A r e c o r d o f p r e v i o u s s u r g e r y t o 
a c h i e v e i m p r o v e m e n t o f t h e c i r c u l a t i o n of t h e leg 

w a s n o t u n c o m m o n as T a b l e 1 s h o w s . N e a r l y 
o n e - t h i r d o f the p a t i e n t s h a d u n d e r g o n e l u m b a r 
s y m p a t h e c t o m y , s o m e t i m e s s e v e r a l y e a r s a g o . 

M o s t p a t i e n t s , su f f e r i ng f r o m g e n e r a l i z e d 
a t h e r o s c l e r o s i s , h a d a n u m b e r of c o n c o m i t a n t 
d i s e a s e s , u s u a l l y t w o o r t h r e e ( T a b l e 2 ) . 

Amputation level 
T h e i n d i c a t i o n for a m p u t a t i o n w a s g a n g r e n e 

w i t h o r w i t h o u t r e s t p a i n s in 9 2 % of c a s e s . I n 
o n l y 13 c a s e s w e r e i n t r a c t a b l e r e s t p a i n s t h e so le 
i n d i c a t i o n . A s T a b l e 3 d e m o n s t r a t e s , t h e r a t i o o f 
b e l o w - k n e e v e r s u s a b o v e - k n e e a m p u t a t i o n s w a s 
a b o u t 2 : 1 . A b e l o w - k n e e a m p u t a t i o n w a s a l w a y s 
t h e p r i m a r y c h o i c e , u n l e s s t h e r e w a s s e v e r e 
c y a n o s i s a n d o e d e m a o r t i s sue n e c r o s i s a n d 

Fig. 1. Age distribution in 171 amputations. 

Table 1. Previous surgical treatment 
171 Amputations 

Table 2. Concomitant diseases 
in 171 Amputations 



i n f e c t i o n o f t h e l o w e r l eg . S e r i e s f u n c t i o n a l 
d i s o r d e r s o f t h e k n e e e x i s t e d in a few c a s e s a n d 
m a d e a n a b o v e - k n e e a m p u t a t i o n d e s i r a b l e . T w o 
p a t i e n t s e v e n s h o w e d t i s s u e n e c r o s i s o f t h e u p p e r 
l e g , w h i c h m a d e a h i p d i s a r t i c u l a t i o n n e c e s s a r y . 

Wound healing 
W o u n d h e a l i n g o f t h e s t u m p is o f p a r a m o u n t 

i m p o r t a n c e . P r i m a r y h e a l i n g o c c u r r e d in t w o -
t h i r d s o f t h e 109 b e l o w - k n e e a n d in o v e r t w o -
t h i r d s o f t h e 6 0 a b o v e - k n e e a m p u t a t i o n s a s T a b l e 
4 s h o w s . T h e risk o f f a i lu re in h e a l i n g a f te r 
a b o v e - k n e e a m p u t a t i o n is n o t al l t h a t m u c h 
s m a l l e r t h a n a f t e r b e l o w - k n e e a m p u t a t i o n ! 

F a i l u r e s of w o u n d h e a l i n g a r e p r e s e n t e d in T a b l e 
5 . S e c o n d a r y w o u n d h e a l i n g u s u a l l y t o o k o n e o r 
t w o m o n t h s . R e a m p u t a t i o n a b o v e t h e k n e e w a s 
n e c e s s a r y in 9 o f t h e 109 b e l o w - k n e e 
a m p u t a t i o n s ( 8 % ) ; u s u a l l y a f t e r a few w e e k s . 

O p e r a t i v e morta l i ty 
A n o t h e r i m p o r t a n t a s p e c t is t h e o p e r a t i v e 

m o r t a l i t y w i t h i n 3 0 d a y s o f t h e o p e r a t i o n . T h e 

t o t a l o p e r a t i v e m o r t a l i t y in th i s g r o u p of 
a t h e r o s c l e r o t i c p a t i e n t s w a s fairly h i g h — 1 9 % — 
a n d t h a t a f t e r a b o v e - k n e e a m p u t a t i o n p r o v e d t o 
b e h i g h e r t h a n t h a t a f t e r b e l o w - k n e e 
a m p u t a t i o n , a s T a b l e 6 d e m o n s t r a t e s . I n s o m e 
5 0 % of c a s e s t h e c a u s e of d e a t h w a s c a r d i a c a n d 
in s o m e 3 0 % s e p s i s ( u r o s e p s i s o r s e p s i s f r o m 
d e c u b i t u s ) . M o r e t h a n 5 0 % of t h e p a t i e n t s d i e d 
b e f o r e p r i m a r y w o u n d h e a l i n g c o u l d o c c u r . 

Postoperative complications 
T a b l e 7 lists t h e n o n - f a t a l p o s t o p e r a t i v e 

c o m p l i c a t i o n s , e x c e p t f a i lu res o f w o u n d h e a l i n g . 
T h e y o c c u r r e d in s o m e 2 0 % of b e l o w - k n e e 
a m p u t a t i o n s a n d in a n e q u a l p e r c e n t a g e o f 
a b o v e - k n e e a m p u t a t i o n s . I n n e a r l y 5 0 % of t h e s e 
c a s e s t h e c o m p l i c a t i o n s w e r e p u l m o n a r y o r 
c a r d i a c d i s o r d e r s . G a s g a n g r e n e d e v e l o p e d in 
t w o o f t h e e a r l i e r c a s e s ; t h i s c o m p l i c a t i o n n o 
l o n g e r o c c u r r e d a f t e r i n t r o d u c t i o n of a po l i cy in 
w h i c h t h e s k i n o f t h e l eg w a s p a i n t e d w i t h a n 
a q u e o u s s o l u t i o n o f B e t a d i n e 1 0 % , a c o u p l e of 
h o u r s b e f o r e o p e r a t i o n . 

Contralateral amputations 
T h e r e a r e m a n y f a c t o r s w h i c h p r e v e n t 

r e h a b i l i t a t i o n , s u c h a s c a r d i o p u l m o n a r y o r 
c e r e b r o v a s c u l a r insuf f ic iency , d e m e n t i a o r 
b l i n d n e s s . B u t t h e f u r t h e r d e s t i n y a n d poss ib i l i ty 

T a b l e 3. Leve l of amputa t ion 

Table 4. Wound healing of 171 amputations 

Table 5 . Failures of wound healing 

Table 6. Operative mortality in 171 amputations 

Table 7. Non-fatal postoperative complications 
in 171 amputations 



o f r e h a b i l i t a t i o n o f t h e a m p u t e e is a l s o l a rge ly 
i n f l u e n c e d b y c i r c u l a t o r y d i s o r d e r s in t h e o t h e r 
l eg . T a b l e 8 s h o w s t h a t six p a t i e n t s h a d 
p r e v i o u s l y u n d e r g o n e a m p u t a t i o n o f t h e o t h e r 
l eg . F o r t y s e v e n p a t i e n t s h a d i s c h e m i a o f t h e 
o t h e r l eg ( i n t e r m i t t e n t c l a u d i c a t i o n , r e s t p a i n s o r 
t i s s u e n e c r o s i s ) a t t h e t i m e o f t h e p r i m a r y 
a m p u t a t i o n . I n 2 0 p a t i e n t s , t h e o t h e r l eg h a d t o 
b e a m p u t a t e d a s w e l l d u r i n g t h e p e r i o d 

c o n s i d e r e d ; f r o m 1972 t o 1 9 7 7 . B i l a t e r a l 
a m p u t a t i o n s a r e t h e r e f o r e n o t u n c o m m o n . I n 
t h i s s e r i e s t h e u l t i m a t e p e r c e n t a g e w a s 17. T a b l e 
9 g i v e s t h e d i s t r i b u t i o n o f t h e l eve l s of 
a m p u t a t i o n . I n 2 0 o f t h e 2 6 p a t i e n t s , a m p u t a t i o n 

o f t h e s e c o n d l eg w a s p e r f o r m e d w i t h i n t w o y e a r s 
o f t h e first a m p u t a t i o n . 

C o n c l u s i o n s 
O f t h e 151 a m p u t e e s , 120 r e m a i n e d ( a f t e r 

d e d u c t i n g t h e o p e r a t i v e d e a t h s ) fo r w h o m 
r e h a b i l i t a t i o n c o u l d in p r i n c i p l e b e c o n s i d e r e d . 

T h e r e s u l t s o f r e h a b i l i t a t i o n wil l b e p r e s e n t e d 
in t h i s J o u r n a l in t h e f u t u r e . 

I t c a n b e s t a t e d in t h e m e a n t i m e , t h a t in s p i t e 
o f a c o n s i d e r a b l e m o r t a l i t y a n d a fair p e r c e n t a g e 
o f f a i l u r e s in w o u n d h e a l i n g , a s igni f icant 
n u m b e r o f a m p u t e e s c a n b e r e h a b i l i t a t e d w i t h a 
p r o s t h e s i s a n d e n a b l e d t o h a v e a r e a s o n a b l e life 
f o r y e a r s . 

Table 8. Ischemia of the other limb 
151 patients—1972-1977 

Table 9. Bilateral amputations 
26 of 151 patients (17%) 



Case note—fitting of an artificial limb after 4 3 years 
G . J . A . S I R I W A R D E N A 

Artificial Limb and Appliance Centre, Birmingham 

T h e p a t i e n t , a 4 8 y e a r o l d I n d i a n w i t h a r ight 
a b o v e k n e e a m p u t a t i o n , first a t t e n d e d 
W o l v e r h a m p t o n Ar t i f i c i a l L i m b a n d A p p l i a n c e 
C e n t r e in 1 9 7 8 . A s a 5 y e a r o l d ch i ld in I n d i a h e 
h a d fa l l en f r o m a c a m e l , s u s t a i n i n g a c o m p o u n d 
f r a c t u r e of t h e t i b i a a n d fibula w h i c h h a d b e c o m e 
s e v e r e l y i n f e c t e d n e c e s s i t a t i n g a m p u t a t i o n . 
W i t h i n a few w e e k s t h e a m p u t a t i o n w a s h e a l e d 
a n d t h e first p r o s t h e s i s h e t r i e d o u t w a s a b a m b o o 
p o l e w i t h a s l ing t o s u p p o r t t h e s t u m p as s h o w n in 
t h e a c c o m p a n y i n g p h o t o g r a p h (F ig . 1, lef t ) . T h i s 
p r o s t h e s i s w a s d e s i g n e d a n d bu i l t by his f a t h e r . 
H e g r e w u p u s i n g t h e b a m b o o p o l e w h i c h g a v e 
h i m e x c e l l e n t m o b i l i t y whi l s t w o r k i n g as a f a r m e r 
a n d s h o p k e e p e r in his v i l l age . 

H e c a m e t o E n g l a n d in A p r i l 1978 t o j o i n 
r e l a t i v e s a l r e a d y h e r e . In M a y h e su f f e r ed a 
s i m p l e i n f l u e n z a - l i k e i l lness for w h i c h h e w a s 
s e e n b y h i s d o c t o r , w h o s u g g e s t e d t o h im in 
p a s s i n g t h a t h e c o u l d h a v e a p r o p e r art i f icial 
l i m b . H e a t t e n d e d W o l v e r h a m p t o n A L A C o n 
7 t h S e p t e m b e r 1978 w h e n h e w a s o b s e r v e d t o b e 
e x t r e m e l y m o b i l e o n h i s b a m b o o p o l e . H e s t a t e d 
t h a t h e c o u l d w a l k a s far a s a n y n o r m a l p e r s o n ; 
t h i s s t a t e m e n t w a s f o u n d t o b e t r u e . 

O n e x a m i n a t i o n h e h a d a g o o d r i gh t a b o v e -
k n e e s t u m p of 13 c m , a s m e a s u r e d f r o m t h e t i p of 
t h e g r e a t e r t r o c h a n t e r , w i t h a full r a n g e of 
m o v e m e n t o f t h a t h i p j o i n t . A m o d u l a r a s s e m b l y 
p r o s t h e s i s w a s o r d e r e d o n t h e s a m e d a y a n d th is 
w a s d e l i v e r e d t o h i m o n 12th D e c e m b e r 1978 
( F i g . 1, r i g h t ) . 

I m m e d i a t e l y a f t e r r e c e i v i n g t h e art if icial l i m b 
h e w a l k e d e x t r e m e l y wel l d e s p i t e t h e fact t h a t 
t h e p r o s t h e s i s i n c o r p o r a t e d a " f r e e " ( i . e . n o t 
l o c k e d ) s t a b i l i s e d k n e e u n i t a n d w i t h i n a few 
m o n t h s h e w a s a b l e t o w a l k w i t h o u t t h e u s e of 
a n y o t h e r a i d . 

H e w a s s e e n a g a i n o n 2 5 t h J a n u a r y , 1979 a n d 
h e w a s v e r y p l e a s e d w i t h h i s leg . H e c o u l d w a l k 
w e l l a n d h a d n o p r o b l e m s ; h e h a d b y th i s t i m e 
d i s c a r d e d h i s b a m b o o p o l e . 

A c k n o w l e d g e m e n t s 
I w i s h t o t h a n k M r . K . B . A l l c o c k LBIST, 
p r o s t h e t i s t , w h o a t t e n d e d t h e c a s e , D r . A r o r a , 
G e n e r a l P r a c t i t i o n e r , W o l v e r h a m p t o n , a n d M r . 
A l a n E n g l i s h FRCS , P r i n c i p a l M e d i c a l Of f ice r , 
Ar t i f i c i a l L i m b a n d A p p l i a n c e S e r v i c e of D H S S , 
fo r g i v i n g m e p e r m i s s i o n t o p u b l i s h th i s c a s e a n d 
a l s o a d v i c e r e g a r d i n g t h e w r i t i n g o f th i s a r t i c l e . 

F U R T H E R R E A D I N G 

R o s s , W. F. (1963). Oji River Settlement. Leprosy 
Rev. 34, 151. 

SIRIWARDENA, G. J. A . ( 1 9 7 7 ) , Fitting of an artificial 
limb after 56 years. Injury 6, 343. 

Fig. 1 Left, bamboo pole with supporting sling. Right, 
the patient fitted with a modular assembly above-knee 

prosthesis. 



Clinical decision making with the aid of ambulatory 
monitoring of heart rate 

J . S T A L L A R D a n d G . K . R O S E 

The Orthotic Research and Locomotor Assessment Unit, 
The Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry 

A b s t r a c t 
R o u t i n e a s s e s s m e n t of heav i ly h a n d i c a p p e d 
p a t i e n t s by m e a n s o f s p e e d a n d h e a r t r a t e h a s 
b e e n c a r r i e d o u t in O R L A U o v e r t h e p a s t f o u r 
y e a r s . T h e m e t h o d o l o g y a n d t h e a p p a r a t u s h a v e 
b e e n d e s c r i b e d by D a v i e s (1977) a n d S t a l l a r d e t 
a l ( 1 9 7 8 ) , w h o a l s o i n d i c a t e d its v a l u e in t e r m s of 
r e s e a r c h . G r a d u a l l y t h e t e c h n i q u e h a s b e e n 
a s s i m i l a t e d as a r o u t i n e c l in ica l a s s e s s m e n t 
p r o c e d u r e , a n d a n u m b e r o f c a s e s in w h i c h it h a s 
p o s i t i v e l y i n f l u e n c e d t r e a t m e n t a r e d e s c r i b e d in 
o r d e r t o i l l u s t r a t e i ts b e n e f i t s . 

T h e s i m p l i c i t y o f t h e m e t h o d o l o g y a n d 
p o r t a b l e n a t u r e o f t h e e q u i p m e n t e n a b l e 
p h y s i o t h e r a p i s t s t o c a r r y o u t m a n y a s s e s s m e n t s 
in s c h o o l s , g r e a t l y m i n i m i s i n g d i s r u p t i o n for t h e 
p a t i e n t a n d m a x i m i s i n g t h e e f f ec t i venes s of t h e 
p r o c e d u r e . 

A n a l y s i s o f t h e t y p e s of a s s e s s m e n t w h i c h h a d 
b e e n c o n d u c t e d s h o w e d t h a t t h e y c o u l d b e 
d i v i d e d i n t o six c a t e g o r i e s : 

L e a r n i n g t i m e for a n e w o r t h o s i s 
R e l a t i v e v a l u e o f a n e w o r t h o s i s 
T h e n e e d fo r o p e r a t i v e p r o c e d u r e s 
T h e v a l u e o f o p e r a t i v e p r o c e d u r e s 
I n d i c a t i o n of a r e a s r e q u i r i n g f u r t h e r 
i n v e s t i g a t i o n 

C o n f i r m a t i o n o f c l in ica l o p i n i o n 
W h e n u s e d in c o n j u n c t i o n w i th t h e o t h e r 

a s s e s s m e n t t e c h n i q u e s a v a i l a b l e in O R L A U , 
m o n i t o r i n g s p e e d a n d h e a r t r a t e b e c o m e a 
p o w e r f u l t o o l fo r r o u t i n e c l in ica l e v a l u a t i o n of 
p a t i e n t s . 

I n t r o d u c t i o n 
T h e O r t h o t i c R e s e a r c h a n d L o c o m o t o r 

A s s e s s m e n t U n i t h a v e b e e n c a r r y i n g o u t 

a s s e s s m e n t s o f h e a v i l y h a n d i c a p p e d c h i l d r e n fo r 
t h e last f o u r y e a r s . F o r t h r e e a n d a half of t h o s e 
y e a r s c l in ica l c o m p a r i s o n s of p h y s i c a l e f for t p r e 
a n d p o s t t r e a t m e n t h a v e b e e n m a d e o n t h e b a s i s 
of h e a r t r a t e a n d s p e e d of a m b u l a t i o n . 

J u s t i f i c a t i o n for e m b a r k i n g o n a r e s e a r c h 
p r o g r a m m e t o e v o l v e c l in ica l a s s e s s m e n t 
p r o c e d u r e s c a m e f r o m t h e w o r k of v a r i o u s 
p h y s i o l o g i s t s w h o h a d s h o w n t h a t h e a r t r a t e w a s 
r e l a t e d t o o x y g e n u p t a k e , a n d th i s w o r k is 
e x e m p l i f i e d by A s t r a n d a n d R h o d a h l ( 1 9 7 0 ) . I n 
o r d e r t o f u r t h e r c o n f i r m t h e va l id i ty of t h e 
a p p r o a c h a n M . S c . s t u d y of t h e t e c h n i q u e 
a p p l i e d t o h e a v i l y h a n d i c a p p e d s u b j e c t s w a s 
c o m m i s s i o n e d f r o m t h e D e p a r t m e n t of 
P h y s i o l o g y a t B i r m i n g h a m U n i v e r s i t y . T h e 
r e s u l t s of t h i s sc ient i f ic s t u d y , Hi l l ( 1 9 7 8 ) , 
s h o w e d t h a t h e a r t r a t e r e s p o n s e c o u l d , w i t h 
c e r t a i n l i m i t a t i o n s , b e u s e d as a n i n d i c a t o r of 
p e r f o r m a n c e in h a n d i c a p p e d s u b j e c t s u s i n g 
w a l k i n g a i d s . T h e m e t h o d o l o g y o f t h e t e c h n i q u e 
h a s b e e n d e s c r i b e d in p a p e r s by D a v i e s (1977) 
a n d S t a l l a r d e t al (1978) a n d in o n e p r e s e n t e d a t 
t h e I S P O W o r l d C o n g r e s s in N e w Y o r k ( S t a l l a r d 
e t a l . 1977) . 

T h e v i r t u e o f t h e t e c h n i q u e in a s se s s ing t h e 
m e r i t of a p a r t i c u l a r a p p a r a t u s h a s b e e n 
d e m o n s t r a t e d in t h e d e v e l o p m e n t of t h e S a l o p 
S k a t e ( D a v i e s & L u c a s , 1 9 7 7 , a n d S t a l l a r d & 
R o s e , 1978) a n d a l s o in r e s e a r c h i n t o v a r i o u s 
t y p e s o f c r u t c h ( S t a l l a r d e t a l , 1978) . W h i l s t all 
t h e s e p u b l i c a t i o n s h a v e i n d i c a t e d t h a t t h e 
m e t h o d is v a l i d , a n d use fu l in p a r t i c u l a r a r e a s o f 
r e s e a r c h , t h e y h a v e n o t a d e q u a t e l y s h o w n i ts 
v a l u e in r o u t i n e c l in ica l a s s e s s m e n t of p a t i e n t s . 
T h e r o u t i n e c l in ica l a s s e s s m e n t s o f p a t i e n t s u s i n g 
h e a r t r a t e m o n i t o r i n g t o c o m p a r e r e l a t i v e e f fo r t 
c a r r i e d o u t in t h e last t h r e e a n d a ha l f y e a r s , b o t h 
a t t h e U n i t , a n d in v a r i o u s s c h o o l s a t t e n d e d by 
s e v e r e l y h a n d i c a p p e d p a t i e n t s , h a v e b e e n v e r y 
s u c c e s s f u l a n d h a v e h a d a p o s i t i v e effect o n t h e 
t r e a t m e n t o f m a n y p a t i e n t s . 



Cl in ica l a s s e s s m e n t s 
T w o s t a n d a r d t e s t p r o c e d u r e s h a v e b e e n 

d e v i s e d fo r a s s e s s m e n t o f h a n d i c a p p e d p a t i e n t s . 
T h e h e a v i l y h a n d i c a p p e d a r e a s k e d t o w a l k 5 
r u n s o f 2 0 ft a n d a r e g i v e n o n e m i n u t e s t a n d i n g 
r e s t b e t w e e n e a c h r u n . H e a r t r a t e is m o n i t o r e d 
t h r o u g h o u t t h e t r i a l a n d t h e r a t e a t t h e e n d of 
e a c h t i m e d r u n n o t e d . T h i s e n a b l e s t h e s p e e d 
a n d h e a r t r a t e o f t h e s e r i e s t o b e p l o t t e d a g a i n s t 
r u n n u m b e r s . C o m p a r i s o n o f d i f f e r en t t r i a l s 
g i v e s a c l e a r v i s u a l a n d q u a n t i t a t i v e i n d i c a t i o n of 
t h e c h a n g e in b o t h s p e e d a n d h e a r t r a t e , so t h a t 
t h e e f f ec t o f t r e a t m e n t is i m m e d i a t e l y a p p a r e n t . 

L e s s h a n d i c a p p e d p a t i e n t s a r e a s k e d t o w a l k 
8 0 ft r u n s c o n t i n u o u s l y u n t i l t h e y a r e t i r e d o r 
u n c o m f o r t a b l e . T h e s p e e d a n d h e a r t r a t e a r e 
p l o t t e d a g a i n s t r u n n u m b e r , a n d c o m p a r i s o n s o f 
d i f f e r e n t t r i a l s g i v e a n i n d i c a t i o n o f t h e c h a n g e s 
i n s p e e d , h e a r t r a t e a n d e n d u r a n c e w h i c h h a v e 
o c c u r r e d . 

A s s e s s m e n t in s c h o o l s is m a d e p o s s i b l e by t h e 
p o r t a b l e n a t u r e o f t h e a p p a r a t u s (F ig . 1 ) . 

P h y s i o t h e r a p i s t s c a n visi t t h e s c h o o l s , t a k i n g 
w i t h t h e m a s m a l l t r a n s m i t t e r , r e c e i v e r a n d p e n 
r e c o r d e r , a n d t h i s h a s t h e t w i n a d v a n t a g e o f 
m i n i m i s i n g e m o t i o n a l d i s t u r b a n c e a n d loss o f 
a c a d e m i c ac t i v i t y . T h i s is p a r t i c u l a r l y i m p o r t a n t 
w h e n a s e r i e s o f t r i a l s is n e c e s s a r y t o e s t a b l i s h 
t h a t a p a t i e n t h a s c o m p l e t e d h i s " l e a r n i n g c u r v e " 
a n d e s t a b l i s h e d a s t e a d y p e r f o r m a n c e . A n 
e x a m p l e o f t h i s w a s a p a t i e n t ( G . L . ) fo r w h o m a 
h i p g u i d a n c e o r t h o s i s ( h g o ) ( F a r m e r e t a l , 1976 , 
a n d R o s e , G . K . 1979) h a d b e e n p r e s c r i b e d as a n 
i n t e r i m l e a r n i n g d e v i c e , a f t e r w h i c h it w a s 
c o n s i d e r e d t h a t h e w o u l d g r a d u a t e t o K A F O ' s 
o n l y . T h e c h a n g e t o K A F O ' s w a s m o n i t o r e d 

c a r e f u l l y o v e r a s e r i e s o f w e e k l y a s s e s s m e n t s 
( F i g . 2 ) , s t a r t i n g w i t h a n in i t ia l a s s e s s m e n t in 
h g o . W h e n t h e p a t i e n t ' s p e r f o r m a n c e h a d 
r e a c h e d a p l a t e a u , it c o u l d c l ea r ly b e s e e n t h a t h e 
n o t o n l y w a l k e d s l o w e r b y 2 0 % b u t t h a t t h i s 
s l o w e r s p e e d w a s c o s t i n g 10 b p m m o r e h e a r t 
r a t e . O n t h i s b a s i s a c l in ica l d e c i s i o n w a s t a k e n t o 
r e t u r n h i m t o h g o . 

M o s t p a t i e n t s u s i n g h g o s t a r t b y u s i n g a 
r o l l a t o r a s a w a l k i n g a i d . T h i s is a c u m b e r s o m e 
a p p a r a t u s , b u t it d o e s g i v e p a t i e n t s a f ee l ing of 
s e c u r i t y . W h e n e v e r p o s s i b l e , p a t i e n t s a r e 
e n c o u r a g e d t o u s e c r u t c h e s a n d in c a s e s w h e r e 
t h e r e is d o u b t a s t o t h e i r ab i l i ty t o c o p e , t h e 
l e a r n i n g p r o c e s s is r e g u l a r l y m o n i t o r e d in t h e 
s c h o o l e n v i r o n m e n t . A typ ica l r e s u l t o f s u c h a n 
a s s e s s m e n t is s h o w n in F i g . 3 . In i t ia l ly a n 
a s s e s s m e n t w i t h t h e p a t i e n t u s i n g a r o l l a t o r w a s 
t a k e n . F o r c o m p a r i s o n w i t h th i s t h e " p l a t e a u " 
r e s u l t a t t h e e n d o f t h e s e r i e s is s h o w n . F r o m th i s 
it c a n b e s e e n t h a t s p e e d h a d d r o p p e d , b u t t h a t 
t h i s w a s a c c o m p a n i e d b y a d r o p in h e a r t r a t e . 
A l t h o u g h t h i s w a s n o t a c l e a r c u t r e s u l t in f a v o u r 
o f o n e o r t h e o t h e r , it d i d g i v e suff ic ient 

Fig. 1. Por tab le hear t ra te te lemetry equipment . 

Fig. 2. Change from hgo to K A F O , (patient G . L . ) . 



i n d i c a t i o n t h a t c r u t c h e s w e r e n o t s igni f icant ly 
less e f f ic ien t s o t h a t t h e c o n v e n i e n c e o f c r u t c h e s 
w a s w o r t h w h i l e . 

A r e p l a c e m e n t a p p a r a t u s is m o n i t o r e d in 
s c h o o l s w h e n e v e r faci l i t ies for th i s a r e a v a i l a b l e , 
a n d t h e d a t a is e n t e r e d in p a t i e n t s ' n o t e s . T h i s 
h a s b e n e f i t s w h i c h c a n n o t a l w a y s b e f o r e s e e n . A 
p a t i e n t w i t h e x c e s s i v e l o r d o s i s w h o u s e d h g o w a s 
p r o v i d e d w i t h a r e p l a c e m e n t h g o w h i c h 
o s t e n s i b l y h a d t h e s a m e spec i f i c a t i on . A n e a g l e -
e y e d p h y s i o t h e r a p i s t s p o t t e d f r o m h e r o w n 
r o u t i n e a s s e s s m e n t ( e n c o u r a g e d b y O R L A U 
E d u c a t i o n P r o g r a m m e s ) t h a t t h e n u m b e r of 
s t e p s t h e p a t i e n t w a s t a k i n g for 2 0 ft h a d 
i n c r e a s e d , e v e n t h o u g h t h e t i m e s w e r e v i r t ua l l y 
i d e n t i c a l . E x a m i n a t i o n of t h e r e c o r d s s h o w e d 
t h a t t h i s w a s n o t d e t r i m e n t a l s i nce t h e p a t i e n t ' s 
h e a r t r a t e w a s a l s o v i r t ua l l y i d e n t i c a l . I t 
t r a n s p i r e d t h a t a s l igh t ly s m a l l e r f lex ion a n g l e o n 
t h e h i p r a n g e s t o p h a d b e e n p r o v i d e d o n t h e n e w 
d e v i c e . T h e p a t i e n t p r e f e r r e d t h e m o r e u p r i g h t 
p o s t u r e p r o v i d e d by th i s f lexion a n g l e , a n d s ince 
it w a s s e e n n o t t o b e d e t r i m e n t a l it w a s left a s it 
w a s . W i t h o u t p r o p e r a s s e s s m e n t t e c h n i q u e , t h e 
t e m p t a t i o n w o u l d h a v e b e e n t o a d j u s t t h e 
a p p a r a t u s t o t h e o r i g i n a l s e t t i n g . 

A l t h o u g h m a n y r o u t i n e a s s e s s m e n t s d o t a k e 
p l a c e in s c h o o l s , it is a l s o f r e q u e n t l y n e c e s s a r y t o 
c a r r y o u t m o r e s e a r c h i n g i n v e s t i g a t i o n s in t h e 
O R L A U ga i t l a b o r a t o r y a t O s w e s t r y , w h e r e a 
g r e a t e r r a n g e o f fac i l i t ies a n d t e s t s a r e a v a i l a b l e . 
S i n c e th i s is s i t u a t e d w i t h i n t h e h o s p i t a l c o m p l e x , 
p r e - o p e r a t i v e i n v e s t i g a t i o n s a r e u n d e r t a k e n a s 
a r e p r o b l e m s e n c o u n t e r e d w i t h i n r o u t i n e c l in ics . 
T h e i m p r o v e d fac i l i t ies fo r f u n c t i o n t e s t i n g of 
p a t i e n t s i n c l u d e a u t o m a t i c t i m i n g , d ig i ta l r e a d 
o u t o f h e a r t r a t e a n d v i d e o r e c o r d i n g in t h r e e 
o r t h o g o n a l p l a n e s . I n a d d i t i o n t h e r e is 
i n s t r u m e n t a t i o n a v a i l a b l e t o m o n i t o r g r o u n d 
r e a c t i o n f o r c e s , a m b u l a t o r y E M G , f o o t - g r o u n d 
c o n t a c t , u n d e r - s o l e p r e s s u r e d e v e l o p m e n t a n d 
s t e p p a t t e r n a n d t i m i n g s . T h i s r a n g e of 
i n s t r u m e n t a t i o n h a s e n a b l e d m a n y c l in ica l 
d e c i s i o n s a f f e c t i n g p a t i e n t t r e a t m e n t , b o t h 
o p e r a t i v e a n d o r t h o t i c , t o b e t a k e n o n a m u c h 
s o u n d e r b a s i s . H e a r t r a t e m o n i t o r i n g is p l a y i n g 
a n i n c r e a s i n g l y i m p o r t a n t r o l e in th i s s p h e r e o f 
a c t i v i t i e s . 

R e s u l t s f r o m s u c h a s s e s s m e n t s o f t e n h a v e t h e 
e f f ec t of c o n v i n c i n g n o t o n l y t h e c l in ic ian , b u t 
a l s o t h e p a t i e n t a n d t h e i r g u a r d i a n s o f t h e 
w i s d o m o f a p a r t i c u l a r t r e a t m e n t . J u s t o n e 
e x a m p l e o f t h i s w a s a p a t i e n t w i t h s p a s t i c d i p l e g i a 
g i v i n g b i l a t e r a l a n k l e i n s t ab i l i t y . T h e gir l ( T . W . ) 
h a d a l o w l eve l o f h a n d i c a p a n d c o u l d w a l k w i t h 
n o o r t h o s e s o r o t h e r a p p a r a t u s . H e r m a i n 
p r o b l e m a p p e a r e d t o b e a n inab i l i t y t o s t a n d st i l l . 
T h e p a t i e n t w a s a s s e s s e d u s i n g v i d e o r e c o r d i n g 
o f h e r g a i t p a t t e r n a n d m o n i t o r i n g of s p e e d a n d 
h e a r t r a t e o v e r c o n t i n u o u s 8 0 ft r u n s un t i l s h e 
w i s h e d t o s t o p b e c a u s e s h e w a s t i r e d . B i l a t e r a l 
p l a s t i c b e l o w - k n e e fixed a n k l e o r t h o s e s ( A F O ' s ) 
w e r e p r e s c r i b e d a n d a r e - a s s e s s m e n t c a r r i e d o u t 
a f t e r s h e h a d u s e d t h e s e fo r 6 m o n t h s . F r o m t h e 
v i s u a l r e c o r d b y v i d e o , n o s igni f icant c h a n g e in 
t h e g a i t p a t t e r n c o u l d b e o b s e r v e d , o t h e r t h a n a n 
i m p r o v e m e n t in t h e p a t i e n t s ab i l i ty t o s t a n d st i l l . 
O n t h a t b a s i s a l o n e , t h e r e w o u l d h a v e b e e n a 
t e m p t a t i o n for t h e p a t i e n t t o d i s c a r d t h e 
a p p a r a t u s . H o w e v e r , t h e a s s e s s m e n t of 
a m b u l a t i o n b y m e a n s of s p e e d a n d h e a r t r a t e 
( F i g . 4 ) s h o w e d t h a t t h e o r t h o s e s g a v e a v e r y 
c o n s i d e r a b l e a d v a n t a g e in t e r m s o f f u n c t i o n . N o t 
o n l y d i d t h e s p e e d r i se b y 3 0 f t / m i n ( 1 5 % ) for a 
c o n c u r r e n t d r o p in h e a r t r a t e of 20 b p m , b u t t h e 
p a t i e n t w a l k e d m o r e t h a n tw ice a s fa r b e f o r e s h e 
g a v e u p b e c a u s e s h e w a s t i r e d . W i t h th i s 
i n f o r m a t i o n a v a i l a b l e , t h e r e w a s n o q u e s t i o n of 
t h e o r t h o s e s b e i n g d i s c a r d e d . 

Fig. 3. Change from rollator to crutches 
(patient K.E.P. ) 



T h e r e s u l t s of a s s e s s m e n t s s o m e t i m e s l e a d , in 
a d d i t i o n t o i n f l u e n c i n g c l in ica l d e c i s i o n s , to m o r e 
s e a r c h i n g i n v e s t i g a t i o n s of a f u n d a m e n t a l 
p r o b l e m . P a t i e n t s w i t h p r o g r e s s i v e d e t e r i o r a t i o n 
o f m o t o r p o w e r in t h e l o w e r l i m b s , c o u p l e d w i t h 
flexion d e f o r m i t i e s in k n e e s a n d h i p s , p r e s e n t 
p r o b l e m s of t r e a t m e n t p h i l o s o p h y w i t h r e g a r d t o 
t h e o r t h o t i c t r e a t m e n t w h i c h s h o u l d b e u s e d , a n d 
t h e t i m i n g of s u r g i c a l i n t e r v e n t i o n . O n e s u c h 
p a t i e n t ( D B ) r e f u s e d s u r g e r y for s t r a i g h t e n i n g of 
t h e k n e e s a n d h i p s , d e s p i t e t h e i n c r e a s i n g 
d i f f icu l ty in m a i n t a i n i n g h e r a m b u l a t o r y s t a t u s . 
S h e h a d b e e n u s i n g p l a s t i c f ixed a n k l e A F O ' s a n d 
t h e t r e a t m e n t a d o p t e d a f t e r r e fu sa l of s u r g e r y 
w a s b i l a t e r a l l o n g leg c a l i p e r s ( K A F O ' s ) t o 
s t a b i l i s e t h e k n e e s . T h e s e d o h a v e d i s a d v a n t a g e s 
in t e r m s of i n c r e a s i n g ve r t i c a l m o v e m e n t o f C of 
G , w h i c h o s t e n s i b l y s h o u l d l e a d t o g r e a t e r 
e n e r g y e x p e n d i t u r e . I n t h e c a s e of t h i s p a r t i c u l a r 
p a t i e n t , g r e a t e r i n s t ab i l i t y a l s o r e q u i r e d t h e u s e 
o f a w a l k i n g s t i ck . T h e a d v a n t a g e o f K A F O ' s 
w a s c l e a r l y d e m o n s t r a t e d b y a n a s s e s s m e n t u s i n g 
5 x 2 0 ft r u n s w i t h o n e m i n u t e r e s t s (F ig . 5 ) . 
U s i n g A F O ' s t h e p a t i e n t s h e a r t r a t e ro se 
g r a d u a l l y t h r o u g h o u t t h e t r i a l t o 152 b p m , w i t h 
g r e a t e r i n c r e a s e s o f t e n o c c u r r i n g d u r i n g t h e 
s t a n d i n g r e s t p e r i o d s . H o w e v e r , w h e n u s i n g 

K A F O ' s t h e h e a r t r a t e w a s c o n t a i n e d a t a s t e a d y 
l eve l o f 128 b p m for e a c h 2 0 ft r u n a n d r e t u r n e d 
t o a p p r o x i m a t e l y 110 b p m for e a c h r e s t p e r i o d . 
A F O ' s w e r e c l ea r ly c o s t i n g t h e p a t i e n t a n e v e r 
i n c r e a s i n g e f fo r t m e r e l y t o s t a n d st i l l , a s 
i n d i c a t e d b y t h e h i g h h e a r t r a t e s d u r i n g t h e 
s t a n d i n g r e s t p e r i o d . A p a r t f r o m c o n f i r m i n g t h e 
w i s d o m of K A F O ' s fo r th i s p a t i e n t , t h e 
a s s e s s m e n t l e d t o m o r e f u n d a m e n t a l r e s e a r c h 
i n t o t h e p r o b l e m s o f s u c h p a t i e n t s . A 
p r o g r a m m e w a s u n d e r t a k e n t o e s t a b l i s h E M G 
ac t iv i t y in t h e l o w e r l i m b s of s u c h p a t i e n t s 
c o m p a r e d t o n o r m a l a n d a l so a c o m p a r i s o n of 
t h e i r C o f G m o v e m e n t s . 

O n e of t h e m o s t i m p o r t a n t f u n c t i o n s of t h e s e 
a s s e s s m e n t p r o c e d u r e s is t o m o n i t o r t h e effect o f 
s u r g i c a l t r e a t m e n t . I t is p a r t i c u l a r l y use fu l w i t h 
C . P . p a t i e n t s , a n d t h e t w o f o l l o w i n g c a s e s a r e 
t y p i c a l e x a m p l e s o f m a n y s u c h a s s e s s m e n t s . 

A p a t i e n t w i t h g o o d f u n c t i o n , b u t w i t h a 
b i l a t e r a l i n t e r n a l l y r o t a t e d e q u i n u s d e f o r m i t y 
( L . M . ) w a s a n x i o u s fo r a c o s m e t i c i m p r o v e m e n t 
d u e t o t h e c o n s i d e r a b l e n u m b e r of t a u n t s 
s u f f e r e d a t t h e h a n d s o f h i s p e e r s . B i l a t e r a l d e -
r o t a t i o n o s t e o s o m y w i t h e l o n g a t i o n o f t h e t e n d o 
A c h i l l e s w a s c a r r i e d o u t . T h e ef fec t of t h i s w a s t o 
m a r k e d l y d i m i n i s h t h e p a t i e n t s s p e e d c o u p l e d 
w i t h a l o w e r h e a r t r a t e w h e n m o n i t o r e d o n 
c o n t i n u o u s 8 0 ft r u n s . T h e r e was n o s ignif icant 

Fig. 4. Adoption of AFO's (patient T.W.) . 

Fig. 5. Comparison of AFO's to KAFO's 
(patient D .B . ) . 



c h a n g e in e n d u r a n c e , t h e p a t i e n t m a n a g i n g a 
h i g h n u m b e r w i t h n o s ign i f ican t d i f f e r e n c e p r e 
a n d p o s t o p e r a t i v e l y . T h e i m p r o v e m e n t in t h e 
a p p e a r a n c e o f h i s g a i t w a s g r e a t l y a p p r e c i a t e d b y 
t h e p a t i e n t , a n d in h i s v i e w t h i s m o r e t h a n 
o u t w e i g h e d t h e d i s a d v a n t a g e of t h e l o w e r s p e e d , 
p a r t i c u l a r l y i n v i e w of t h e r e d u c e d h e a r t r a t e 
w h i c h i n d i c a t e d t h a t ef f ic iency h a d n o t b e e n 
m a r k e d l y a f f e c t e d . 

A p a t i e n t ( D . J . ) w a s r e f e r r e d t o t h e u n i t fo r 
a s s e s s m e n t p r i o r t o b i l a t e r a l e l o n g a t i o n of t h e 
t e n d o A c h i l l e s . T h i s s h o w e d t h a t h e h a d v e r y 
g o o d a m b u l a t i o n f u n c t i o n ( h i g h s p e e d s fo r l o w 
h e a r t r a t e s ) s u g g e s t i n g t h a t l i t t le m o r e t h a n a 
c o s m e t i c i m p r o v e m e n t c o u l d b e e x p e c t e d . T h e 
t r e a t m e n t w a s u n d e r t a k e n o n t h a t b a s i s a n d p o s t 
o p e r a t i v e a s s e s s m e n t s h o w e d t h a t f u n c t i o n h a d 
n o t b e e n i m p a i r e d in a n y w a y , w i t h s p e e d s a n d 
h e a r t r a t e s f o r t h e c o n t i n u o u s 80 ft r u n s 
a s s e s s m e n t b e i n g v i r t u a l l y i d e n t i c a l s o m e 6 
m o n t h s a f t e r t h e c o m p l e t i o n of o p e r a t i v e 
p r o c e d u r e s . V i s u a l r e c o r d i n g b y v i d e o d i d s h o w 
t h a t a s ign i f i can t c h a n g e in ga i t h a d b e e n 
a c h i e v e d , t h e e q u i n u s d e f o r m i t i e s w h i c h h a d 
p r e v i o u s l y g i v e n a b i l a t e r a l t o e s t r i k e b e i n g 
t r a n s f o r m e d t o t h e e x t e n t t h a t h e e l s t r i k e w a s 
a c h i e v e d o n o n e s i d e w i t h a f o o t flat s t r i k e o n t h e 
o p p o s i t e s i d e . 

A f u r t h e r a d v a n t a g e o f h e a r t r a t e m o n i t o r i n g 
w h i c h h a s s h o w n u p d u r i n g t h e a s s e s s m e n t of 
h e a v i l y h a n d i c a p p e d p a t i e n t s u s i n g a n e w d e v i c e 
h a s b e e n t h e i n d i c a t i o n o f a l a c k o f e f fo r t f r o m 
t h e p a t i e n t . T h i s h a s b e e n v a l u a b l e in 
d e t e r m i n i n g t h e c o u r s e o f t r e a t m e n t . A n 
e x a m p l e o f t h i s o c c u r r e d w i t h a n a d o l e s c e n t 
p a t i e n t ( L . H . ) fo r w h o m t h e S a l o p S k a t e , 
( D a v i e s & L u c a s , 1 9 7 7 , a n d S t a l l a r d & R o s e , 
1978 ) a d e v i c e w h i c h e a s e s ' d r a g - t o ' g a i t , w a s 
p r e s c r i b e d . In i t i a l ly t r i a l s h a d i n d i c a t e d t h a t 
s p e e d w a s i n c r e a s e d b y 5 0 % w i t h a r e d u c t i o n in 
h e a r t r a t e of 1 0 - 1 5 b p m . A t a 3 m o n t h f o l l o w - u p 
a s s e s s m e n t d u r i n g a h o l i d a y from t h e p a t i e n t ' s 
r e s i d e n t i a l s c h o o l , t h e d e v i c e h a d o s t e n s i b l y 
b e c o m e m u c h less e f f ec t ive . S p e e d s c o m p a r e d t o 
' d r a g - t o ' g a i t w e r e l o w e r w i t h a n a p p a r e n t l y 
g r e a t e r e f fo r t fo r t h e p a t i e n t . H o w e v e r , w h e n 
h e a r t r a t e r e s u l t s w e r e a n a l y s e d (a t t h a t t i m e t h e y 
h a d t o b e c a l c u l a t e d f r o m E C G r e c o r d i n g s ) it 
c o u l d b e s e e n t h a t t h e y w e r e c o m p a r a t i v e l y l ow . 
F u r t h e r q u e s t i o n i n g of t h e p a t i e n t s h o w e d t h a t 
a n a n t i p a t h y t o t h e d e v i c e h a d d e v e l o p e d , d u e 
p r o b a b l y t o i ts s t r a n g e a p p e a r a n c e a r o u s i n g 
c o m m e n t f r o m p e e r s a t s c h o o l . W i t h o u t t h e 

i n f o r m a t i o n from t h e h e a r t r a t e r e s u l t s t h i s 
w o u l d p r o b a b l y n o t h a v e b e e n d i s c o v e r e d , 
b e c a u s e t h e p a t i e n t w a s c l e a r l y w o r r i e d a b o u t 
t h e r e a c t i o n h e r a n t i p a t h y w a s l ike ly t o a r o u s e in 
t h e t h e r a p i s t s . N a t u r a l l y , t h e d e v i c e w a s 
i m m e d i a t e l y d i s c a r d e d w i t h o u t f u r t h e r t r i a l s 
w h i c h w o u l d h a v e c a u s e d u n n e c e s s a r y d i s t r e s s t o 
t h e p a t i e n t . 

C o n f i r m a t i o n o f a n i m p r e s s i o n g a i n e d f r o m 
c l i n i ca l e x a m i n a t i o n is a f u r t h e r v a l u a b l e a s s e t of 
f u n c t i o n a s s e s s m e n t u s i n g h e a r t r a t e . A s p i n a 
b i f ida p a t i e n t w i t h d i m i n i s h e d m o t o r p o w e r in 
t h e l o w e r l i m b s ( I . P . ) w a s r o u t i n e l y e x a m i n e d , 
w h e n it w a s c o n s i d e r e d t h a t d e t e r i o r a t i o n h a d 
o c c u r r e d d u r i n g t h e 12 m o n t h s s i n c e h e r p r e v i o u s 
full e x a m i n a t i o n a n d f u n c t i o n a l a s s e s s m e n t . 
B e c a u s e a r o u t i n e a s s e s s m e n t h a d b e e n c a r r i e d 
o u t , t h i s o p i n i o n c o u l d b e t e s t e d . W h e n t h i s w a s 
d o n e t h e c l in i ca l o p i n i o n w a s c o n f i r m e d (F ig . 6 ) . 
S p e e d h a d d r o p p e d b y a p p r o x i m a t e l y 7 0 % for 
t h e s a m e h e a r t r a t e , a n d o n l y t h r e e q u a r t e r s o f 
t h e o r i g i n a l d i s t a n c e w a s c o v e r e d . 

Fig. 6. (I .P.) Confirmation of clinical opinion 
(patient I.P.) 



C o n c l u s i o n 
T h e e x p e r i e n c e g a i n e d by O R L A U in 

r o u t i n e l y a s s e s s i n g a m b u l a t i o n f u n c t i o n of 
h a n d i c a p p e d p a t i e n t s u s i n g r a d i o t e l e m e t e r e d 
h e a r t r a t e t o g a u g e r e l a t i v e e f fo r t , h a s 
s t r e n g t h e n e d t h e v i e w t h a t t h i s is a v a l u a b l e 
p r o c e d u r e . F r o m t h e c a s e s q u o t e d , w h o f o r m a 
s m a l l p r o p o r t i o n o f t h e n u m b e r of p o s i t i v e 
c o n t r i b u t i o n s f r o m s u c h p r o c e d u r e s , it c a n b e 
s e e n t h a t t h e v a r i o u s w a y s in w h i c h it is of v a l u e 
c a n b e c a t e g o r i s e d : 

A s s e s s i n g t h e l e a r n i n g t i m e for a n e w 
o r t h o s i s 
A s s e s s i n g t h e v a l u e of a n e w o r t h o s i s 
A s s e s s i n g t h e n e e d fo r o p e r a t i v e p r o c e d u r e s 
A s s e s s i n g t h e v a l u e of o p e r a t i v e p r o c e d u r e s 
I n d i c a t i n g a r e a s r e q u i r i n g f u r t h e r 
i n v e s t i g a t i o n 

C o n f i r m a t i o n o f c l in ica l o p i n i o n 
W i t h a c o m p a r a t i v e l y s m a l l a m o u n t of 

a p p a r a t u s p h y s i o t h e r a p i s t s c a n c a r r y o u t r o u t i n e 
a s s e s s m e n t s of c h i l d r e n in s c h o o l s . T h e a m o u n t 
o f t i m e t a k e n u p b y s u c h p r o c e d u r e s is of t h e 
o r d e r o f ha l f a n h o u r a n d t h e y c a n t h e r e f o r e b e 
r e p e a t e d a t f r e q u e n t i n t e r v a l s w i t h m i n i m a l 
i n t e r f e r e n c e t o t h e c h i l d ' s s c h o o l i n g . T h i s h a s 
p r o v e n p a r t i c u l a r l y v a l u a b l e w h e n n e w o r t h o t i c 
d e v i c e s h a v e b e e n p r e s c r i b e d t o w h i c h t h e 
a d j u s t m e n t of t h e p a t i e n t n e e d s t o b e carefu l ly 
m o n i t o r e d . 

C o n t i n u o u s d ig i ta l r e a d o u t of r a t e in t h e gai t 
l a b o r a t o r y is a g r e a t a s s e t . I t p e r m i t s 
i n t e r p r e t a t i o n o f v a r i o u s ac t iv i t i e s w i t h o u t t h e 
n e e d t o spec i fy t h e ac t iv i ty p r i o r t o t h e e v e n t . 
T h i s h a s l ed t o a b e t t e r u n d e r s t a n d i n g of s o m e 
p a t i e n t s p r o b l e m s a n d e n a b l e d m o r e e f fec t ive 
t r e a t m e n t t o b e p r e s c r i b e d . 

A l t h o u g h p o s t - o p e r a t i v e a s s e s s m e n t c a n n o t 
a l t e r t h e r e s u l t o f a p r o c e d u r e , it d o e s g ive 
c o n f i d e n c e t h a t t r e a t m e n t fo r p a t i e n t s is 
p r o c e e d i n g a l o n g t h e c o r r e c t p a t h . 

T h e e x p e r i e n c e g a i n e d in m o v i n g o u t of t h e 
r e s e a r c h p r o g r a m m e i n t o r o u t i n e c l inical 
a s s e s s m e n t i n d i c a t e s t h a t t h e s i m p l e p r o c e d u r e s 
a d o p t e d c o u l d b e u s e d t o g r e a t a d v a n t a g e in 
p h y s i o t h e r a p y d e p a r t m e n t s c o p i n g w i t h s e v e r e l y 
h a n d i c a p p e d p a t i e n t s . N o t o n l y d o e s it i m p r o v e 
t h e a s s e s s m e n t o f p a t i e n t s , b u t it a l s o g i v e s a 
g r e a t e r i n s i g h t of t h e p r e s c r i b e d t r e a t m e n t t o t h e 
t h e r a p i s t s i n v o l v e d . 

C e n t r e s w h e r e s e a r c h i n g i n v e s t i g a t i o n s of 
m o r e diff icul t c a s e s c a n b e u n d e r t a k e n a r e fully 
j u s t i f i e d by t h e e x p e r i e n c e o f O R L A U . In s u c h 
c e n t r e s h e a r t r a t e a s s e s s m e n t of r e l a t i v e e f for t 
w o u l d b e b u t o n e o f a w h o l e r a n g e o f t e c h n i q u e s , 
b u t n e v e r t h e l e s s f u n d a m e n t a l t o t h e o p e r a t i o n of 
s u c h a c e n t r e . 
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Amputee stump radiology 
R . B A U M G A R T N E R a n d M . L A N G L O T Z 

Balgrist Orthopaedic Hospital, University of Zurich. 

A b s t r a c t 
In p a t i e n t s w i t h s t u m p p r o b l e m s , r ad io log i ca l 
e x a m i n a t i o n o f t h e s t u m p is d e s i r a b l e . T o ge t a 
m a x i m u m of i n f o r m a t i o n , t h e X - r a y t e c h n i q u e 
h a s t o b e a d a p t e d t o t h e q u a l i t i e s o f t h e s t u m p 
w h i c h a r e d i f f e r e n t f rom t h e c o r r e s p o n d i n g p a r t 
o f a n o r m a l l i m b . S p e c i a l t e c h n i q u e s p e r m i t 
f u r t h e r d i a g n o s i s . 

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

s t u m p is d i f f e r e n t in t e c h n i q u e , i n d i c a t i o n a n d 
i n t e r p r e t a t i o n c o m p a r e d w i t h X - r a y 
e x a m i n a t i o n o f a c o r r e s p o n d i n g p a r t of t h e i n t a c t 
e x t r e m i t y . T h u s , in s t a n d a r d a n d o t h e r X - r a y s 
m a d e w i t h t h e s a m e c r i t e r i a usua l ly a p p l i e d 
t o a n o r m a l l i m b , r e s u l t s a r e o f t en v e r y 
d i s a p p o i n t i n g . T h e p u r p o s e of th i s p a p e r is t o 
p r e s e n t t h e p a r t i c u l a r a s p e c t s o f t h e a m p u t a t i o n 
s t u m p f r o m t h e p o i n t o f v i e w of X - r a y 
e x a m i n a t i o n t o o b t a i n a m a x i m u m of d i a g n o s t i c 
i n f o r m a t i o n w i t h a m i n i m u m of e x p o s u r e t o 
r a d i a t i o n . 

T i s s u e qual i t i es 
T h e t i s s u e s o f t h e s t u m p dif fer f r o m t h e 

n o r m a l l i m b in t w o r e s p e c t s . F i rs t ly t h e g e n e r a l 
d i a m e t e r is u s u a l l y less t h a n n o r m a l . If n o t , t h e r e 
m i g h t b e s w e l l i n g c a u s e d by o e d e m a o r 
h a e m a t o m a , b o t h p r e s e n t i n g r a t h e r a s l ight 
o b s t a c l e t o X - r a y s c o m p a r e d t o m u s c l e s a n d 
b o n e s . S e c o n d l y , t h e d e n s i t y o f t h e b o n y t i s sues 
is a l w a y s l e s s c o m p a r e d w i t h t h e n o r m a l l i m b . 
T h e r e is n o r m a l l y p r e s e n c e o f o s t e o p o r o s i s in 
s o m e d e g r e e , u s u a l l y d u e t o o l d a g e , inac t iv i ty o r 
b o t h . T h e o n l y e x c e p t i o n is t h e b o n e 
i m m e d i a t e l y a f t e r a m p u t a t i o n o n a y o u n g , 
o t h e r w i s e h e a l t h y p a t i e n t . F i n a l l y , t h e 
r a d i o l o g i c a l d e n s i t y o f t h e s t u m p c o n s i d e r a b l y 
d e c r e a s e s f r o m p r o x i m a l t o d i s t a l d i r e c t i o n . 

F o r d i a g n o s t i c e v a l u a t i o n , t h e i n t e r p r e t a t i o n 
o f t h e sof t t i s s u e s in a s t u m p is j u s t a s i m p o r t a n t 

a s b o n e a n d j o i n t s . In a d d i t i o n t o t h a t , w e a r e 
i n t e r e s t e d in t h e p r o x i m a l a n d t h e d i s t a l p a r t o f 
t h e s t u m p a s we l l ( F i g . 1). A p e c u l i a r i t y o f s t u m p 
r a d i o l o g y is e x a m i n a t i o n w i t h t h e p a t i e n t 
w e a r i n g h i s p r o s t h e s i s . O n t h e s e p i c t u r e s , t h e 
i n n e r wa l l o f t h e s o c k e t s s h o u l d b e c o m e v is ib le , 
t h e d e n s i t i e s o f t h e p r o s t h e t i c c o m p o n e n t s 
( w o o d , l a m i n a t e d p l a s t i c s , m e t a l ) a r e d i f f e r e n t ; 
if p o s s i b l e , m e t a l p a r t s of t h e p r o s t h e s i s s h o u l d 
n o t o v e r l a p s t u m p t i s s u e s i m p o r t a n t fo r 
d i a g n o s i s . 

T e c h n o l o g y 
S i n c e soft t i s s u e s , b o n e s a n d e v e n p r o s t h e t i c 

c o m p o n e n t s s h o u l d b e v is ib le o n t h e X - r a y f i lm, 
l o w c o n t r a s t t e c h n i q u e s , e v e n in s t a n d a r d 
e x p o s u r e s , a r e n e c e s s a r y u s i n g a s y s t e m of films 
a n d s c r e e n s w i t h l o w g r a d a t i o n , h i g h k i l o v o l t a g e 
a n d a w e d g e s h a p e d a l u m i n i u m fi l ter . 

I f o n e is i n t e r e s t e d o n l y in d e t a i l s , d i r e c t 
m a g n i f i c a t i o n t e c h n i q u e w i t h a focus less t h a n 
0 . 3 m m c o n t r o l l e d b y t e l e v i s i o n g ives a n 
o p t i m u m of s h a r p n e s s a n d c o n t r a s t . If e m p h a s i s 
is p u t o n t h e sof t t i s s u e s , w e r e c o m m e n d t h e 
e x p o s u r e w i t h l o w k i l o v o l t s a s u s e d in 
m a m m o g r a p h y . 

Fig. 1. Two X-rays of the same above-knee stump. 
Left, standard exposure for the femur, over-exposed 
tip of the femur. Soft tissues only partially visible. 
Right, low contrast technique shows the whole of the 
femur and also the soft tissues. The quality of the soft 
tissues covering the bone and a skin ulceration on the 

medial side become visible. 



F o r f u r t h e r d i a g n o s i s , s p e c i a l t e c h n i q u e s s u c h 
a s x e r o r a d i o g r a p h y ( O t t o & W e l l a u e r , 1977) , 
t o m o g r a p h y , a r t e r i o g r a p h y a n d fistulography 
m i g h t b e i n d i c a t e d . 

In a r t e r i o g r a p h y , w e r e c o m m e n d t h e 
S e l d i n g e r t e c h n i q u e w h i c h i n s e r t s t h e c a t h e t e r 
i n t o t h e f e m o r a l a r t e r y of t h e o p p o s i t e s ide t o 
p r e v e n t a n y d a m a g e t o t h e s t u m p a r t e r i e s w h i c h 
a r e u s u a l l y a l r e a d y i m p a i r e d . 

I n fistulography, w e in jec t a w a t e r s o l u b l e 
c o n t r a s t l i qu id u n d e r p r e s s u r e us ing a c o n e 
s h a p e d b u l b i n s t e a d of a n e e d l e (F ig . 2 ) . T h i s 
t e c h n i q u e is s i m p l e a n d d o e s n o t r e q u i r e o t h e r 
t h a n s t a n d a r d X - r a y e q u i p m e n t . 

D i a g n o s t i c s 
A t t h e t i m e of a m p u t a t i o n , m o s t p a t i e n t s 

a l r e a d y p r e s e n t a m a r k e d o s t e o p o r o s i s of t h e 
c o r t i c a l a n d c a n c e l l o u s b o n e . A f t e r a m p u t a t i o n , 
al l p a t i e n t s p r e s e n t s o m e d e g r e e o f o s t e o p o r o s i s 
e v e n if t h e y a r e r e g u l a r l y w e a r i n g a p r o s t h e s i s . If 
t h e s t u m p p r e s e n t s a n d b e a r i n g q u a l i t i e s a n d t h e 
p a t i e n t is a d e q u a t e l y f i t ted w i th a p r o s t h e s i s , t h e 
d e g r e e of o s t e o p o r o s i s is less i m p o r t a n t . S ince 
o s t e o p o r o s i s in s t u m p s is o f t e n ve ry m a r k e d a n d 
i r r e g u l a r , it m i g h t b e c o n f u s e d w i th S u d e c k 
d y s t r o p h y . T h i s d i a g n o s i s c a n n e v e r b e b a s e d o n 
X - r a y e x a m i n a t i o n o n l y . 

E v e r y a m p u t a t i o n s t u m p a l s o s h o w s a c e r t a i n 
m u s c l e a t r o p h y . I n u n i l a t e r a l a m p u t a t i o n , th is 

a t r o p h y is e x a g g e r a t e d s ince t h e r e is r e g u l a r l y a 
c o m p e n s a t o r y h y p e r t r o p h y o f t h e o p p o s i t e s i d e . 
S t u m p a t r o p h y is m o r e i m p o r t a n t if t h e p a t i e n t is 
u n a b l e t o a c t i v a t e h i s s t u m p o r if t h e p r o s t h e t i c 
f i t t ing i m m o b i l i z e s m o r e m u s c l e s t h a n n e c e s s a r y . 
T h u s , s t u m p a t r o p h y o f t h e t h igh in b e l o w - k n e e 
a m p u t e e s is m u c h m o r e i m p o r t a n t in p a t i e n t s 
w e a r i n g a p r o s t h e s i s w i t h t h igh cuff t h a n in t h o s e 
fitted w i t h a t o t a l c o n t a c t b e l o w - k n e e p r o s t h e s i s . 

I n p a t i e n t s a m p u t a t e d b e f o r e t h e e n d of 
g r o w t h , d i f f e r e n c e s in s i ze of b o n e s a n d j o i n t s 
a r e p r e s e n t . D e p e n d i n g o n t h e e p i p h y s e a l g r o w t h 
l i n e s w h i c h h a d t o b e sacr i f iced a t a m p u t a t i o n , 
t h e s t u m p wil l a l s o p r e s e n t b o n y o v e r - o r 
u n d e r g r o w t h . T h e y o u n g e r t h e a g e of t h e p a t i e n t 
a t t h e t i m e o f a m p u t a t i o n t h e m o r e i m p o r t a n t 
t h e s e g r o w t h e f fec t s will b e in s o m e c a s e s 
a n d m i g h t n e c e s s i t a t e s t u m p c o r r e c t i o n s 
( B a u m g a r t n e r 1979) . 

A t r o p h y n o t o n l y o c c u r s in b o n e a n d m u s c l e s 
o f t h e s t u m p , b u t a l s o in t h e a r t e r i e s a n d v e i n s . 
A s fo r i n s t a n c e in leg p a r a l y s i s fo l l owing 
p o l i o m y e l i t i s , l e ss ce l l s a r e t o b e p r o v i d e d w i t h 
b l o o d a n d fo r t h e r e m a i n i n g t i s sues t h e r e is less 
a c t i v i t y a n d t h u s l ess e n e r g y c o n s u m p t i o n . 
C o n s e q u e n t l y n a t u r e a u t o m a t i c a l l y d i m i n i s h e s 
t h e d i a m e t e r o f t h e b l o o d ve s se l s (F ig . 3 ) . W i t h 
t h e p a t i e n t g e t t i n g o l d , a r t e r i o s c l e r o t i c c h a n g e s 
a n d e x t e r n a l p r e s s u r e s f r o m p r o s t h e s e s o f t e n 
c a u s e e a r l y a r t e r i a l o b l i t e r a t i o n . I n p a t i e n t s w i t h 

Fig. 2. Three examples of fistulography. Left, bursa on a short above-knee stump filled with contrast liquid. Middle, 
lateral fistula on a below-knee stump. The cone marks the orifice of the fistula which unexpectedly does not reach the 
tip of the fibula but the end of the tibia. Right, fistula on an above-elbow stump caused by electric burns. Fistula 

following the stump of the radial and ulnar nerve filling a cavity in the axilla. 



p e r i p h e r a l v a s c u l a r d i s e a s e , c a l c i u m d e p o s i t s 
e v e n in s m a l l e r a r t e r i e s a r e v is ib le o n s t a n d a r d 
X - r a y s . 

R a d i o l o g i c a l e x a m i n a t i o n is p a r t i c u l a r l y 
i m p o r t a n t in d i a g n o s i s of t h e p r o b l e m s w h i c h 
f r e q u e n t l y o c c u r a t t h e s t u m p e n d . T h e b o n y 
s t u m p h a s t o b e ca re fu l ly r o u n d e d a t t h e 
o p e r a t i o n . If t h e s t u m p h a s t w o o r m o r e b o n e s 
s u c h a s in b e l o w - k n e e o r m i d f o o t a m p u t a t i o n s 
t h e r e l a t i o n in l e n g t h b e t w e e n t h e s e b o n e s is ve ry 
i m p o r t a n t . O v e r l e n g t h of o n e b o n e m i g h t c a u s e 
t r o u b l e s . S e c o n d a r y c h a n g e s of b o n e c o n 
figuration a t t h e e n d o f t h e s t u m p a r e v e r y 
f r e q u e n t a n d o f t e n c a u s e p r o b l e m s . G r o w t h o r 
c h r o n i c e x t e r n a l p r e s s u r e by t h e p r o s t h e s i s c a n 
r e s u l t in t h e b o n e b e c o m i n g s l im l ike a p e n c i l a n d 
t h u s p e r f o r a t e t h e soft t i s sues a n d g ive r ise t o 
c h r o n i c i n f e c t i o n . O f t e n t h e r e is a l a rge b u r s a 
filled w i t h c a l c i u m d e p o s i t b e t w e e n t h e soft 
t i s s u e s a n d t h e b o n e . 

M o r e o f t e n , t h e s t a n d a r d X - r a y s h o w s 
e v i d e n c e o f b o n y o v e r g r o w t h f r o m a m i n i m a l 
s p u r t o a h u g e e x o s t o s i s . 

I f t h e r e is a c u t e o r c h r o n i c o s t e o m y e l i t i s , 
e r o s i o n s a n d s e q u e s t r a t i o n s m a y b e p r e s e n t . In 
a d d i t i o n t o s t a n d a r d r a d i o g r a m s , fistulography 
a n d t o m o g r a m s m i g h t b e i n d i c a t e d (F igs . 2 & 4 ) . 

O n s t a n d a r d X - r a y s , t h e c o n t o u r s o f t h e 
s t u m p , t h e p o s i t i o n o f t h e m u s c l e s a n d of t h e 
m a j o r ve s se l s a n d n e r v e s as we l l s h o u l d b e 
v i s i b l e . W e a r e l o o k i n g for t h e d e g r e e of m u s c l e 
a t r o p h y a n d e v e n t u a l r e t r a c t i o n o f m u s c l e s . O n 
t h e r a d i o g r a m in t h e s ag i t t a l p l a n e , t h e s t u m p of 
t h e m a j o r n e r v e s m i g h t b e c o m e v i s ib le , 
p a r t i c u l a r l y if a n e u r o m a is p r e s e n t (F ig . 5 ) . 
F o r e i g n b o d i e s m u s t b e iden t i f i ed e v e n if t h e y a r e 
n o t a s o p a q u e as m e t a l . S u t u r e s in s t u m p s m o r e 
o f t e n c a u s e g r a n u l o m a a n d fistulae as in c u r r e n t 
o r t h o p a e d i c s u r g e r y . 

T r a u m a of t h e s t u m p m i g h t c a u s e f r a c t u r e s 
a n d m o r e f r e q u e n t l y a l a rge h a e m a t o m a a t i ts 
e n d . I n a m p u t a t i o n s fo r m a l i g n a n c i e s , w e m u s t 
l o o k for m e t a s t a s e s ( F i g . 6 ) . If t h e y a r e n o t 
v i s ib l e o n s t a n d a r d x - r a y s , a r t e r i o g r a p h y a n d 
s c i n i t g r a p h y g i v e f u r t h e r i n f o r m a t i o n . 

R a d i o l o g i c a l e x a m i n a t i o n o f t h e s t u m p w i t h i n 
t h e p r o s t h e s i s s h o u l d n o t b e a r o u t i n e p r o c e d u r e . 
In diff icult s t u m p c o n d i t i o n s , h o w e v e r it c a n b e 
h e l p f u l in a c h i e v i n g a p r o s t h e t i c fitting w i th a 
t o t a l c o n t a c t s o c k e t . In leg a m p u t e e s , 
r a d i o g r a m s w i t h a n d w i t h o u t l o a d p r o v i d e 
e v i d e n c e o f t h e s o m e t i m e s s u r p r i s i n g d i f f e r e n c e s 
in t h e p o s i t i o n o f t h e s t u m p in t h e p r o s t h e s i s . 

C o n c l u s i o n s 
I n s t u m p p r o b l e m s , r a d i o l o g i c a l e x a m i n a t i o n 

is o f g r e a t h e l p in d i a g n o s i s . T o e v a l u a t e t h e 

Fig. 3. Arteriogram of a 60 years old patient who 
underwent an above-knee amputation 30 years ago. 
The contrast liquid is injected by a femoral catheter at 
the opposite side. Considerable narrowing of the 
diameter of the left iliac arteries. Obliteration of the 
femoral artery. Osteoporosis of left femur and left half 

of the pelvis. 

Fig. 4. Traumatic above-knee amputation with chronic 
osteomyelitis. The tomogram (right) provides better 

evidence of the size and site of sequestrations. 



e v o l u t i o n of a s t u m p , a s t a n d a r d e x a m i n a t i o n in 
t h e f r o n t a l a n d sag i t t a l p l a n e s h o u l d b e 

p e r f o r m e d i m m e d i a t e l y a f t e r s u r g e r y t o 
d o c u m e n t t h e r e s u l t of t h e o p e r a t i o n a n d for 
c o m p a r i s o n in c a s e s t u m p p r o b l e m s m i g h t o c c u r 
l a t e r o n . M o r e s o p h i s t i c a t e d X - r a y t e c h n i q u e s 
a r e i n d i c a t e d in p a r t i c u l a r c o n d i t i o n s w h e r e 
s t u m p c o r r e c t i o n s h a v e t o b e d i s c u s s e d . 
R a d i o l o g i c a l e x a m i n a t i o n a l so c a n b e he lp fu l in 
i m p r o v i n g p r o s t h e t i c fitting of difficult s t u m p s . 

Fig. 5. Lateral view of an above-knee stump. The 
dorsal side (left) shows poor soft tissue covering. The 
sciatic nerve is clearly visible forming a bulb-shaped 

neuroma at 3cm from the tip of the femur. 

Fig. 6 . Below-knee amputation due to malignant 
tumour of the calcaneus and talus (left). One year after 
amputation, the patient complained of increasing 
stump pains. The X-ray gives evidence of two 

metastases in the fibula. 
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The mobile arm support 
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A b s t r a c t 
T h e M o b i l e A r m S u p p o r t , c o n c e i v e d a n d 

r e s e a r c h e d b y D r . R a d u l o v i c , is i n t e n d e d for t h e 
u s e o f p a t i e n t s w h o s e a r m is aff l ic ted. T h e 
s u p p o r t c o n s i s t s o f a s u p p o r t i n g h a r n e s s , a n 
a r t i c u l a t e d s p l i n t o n w h i c h t h e a r m is fixed a n d a 
p n e u m a t i c s y s t e m of e l e v a t i o n t h a t 
c o u n t e r b a l a n c e s t h e w e i g h t of t h e a r m . I t s 
o r i g i n a l i t y l ies in t h e u s e of a sp l in t a s a s i m p l e 
l e v e r , s u p p o r t e d b y a s p h e r i c a l a r t i c u l a t i o n , 
l o c a t e d a s c l o s e as p o s s i b l e t o t h e c e n t r e of t h e 
s c a p u l o h u m e r a l j o i n t a n d l i n k i n g s h o u l d e r a n d 
a r m m o v e m e n t s . 

A c l in ica l s t u d y i n v o l v i n g 18 p a t i e n t s h a s 
s h o w n t h a t t h e s u p p o r t r e d u c e s p a i n , i n c r e a s e s 
r a n g e s o f m o v e m e n t o f t h e s h o u l d e r a n d e l b o w , 
a n d i n c r e a s e s f u n c t i o n a l pos s ib i l i t i e s . 

F u n c t i o n 
T h e p r i n c i p l e o f t h e M o b i l e A r m S u p p o r t 

( R a d u l o v i c 1978) is t o s u p p o r t t h e aff l ic ted 
m e m b e r w i t h a m o v a b l e sp l in t a t t a c h e d t o t h e 
a r m a n d h e l d in b a l a n c e b y a p n e u m a t i c s y s t e m . 

T h e M o b i l e A r m S u p p o r t w a s n o t c o n c e i v e d 
a s a p a s s i v e c r u t c h . O n t h e c o n t r a r y , i ts r o l e is t o 
a s s i s t w h a t e v e r a c t i v e m o v e m e n t s t h e a r m is still 
c a p a b l e of, w i t h o u t fighting t h e a r m ' s w e i g h t . In 
o r d e r f o r t h i s t o b e p o s s i b l e , t h e m u s c l e s of t h e 
u p p e r a r m m u s t b e r a t e d a b o u t 2 o n t h e 
i n t e r n a t i o n a l r a t i n g s c a l e ; t h a t is w h e n t h e 
m u s c l e s c a n n o t r a i s e t h e a r m , b u t c a n ac t u p o n it 
if i ts w e i g h t is c o u n t e r b a l a n c e d . I n th i s w a y , if t h e 
h a n d is u n i n j u r e d b u t t h e a r m m u s c l e s de f i c i en t , 
t h e h a n d c a n b e d i r e c t e d in s p a c e a n d t h u s 
r e n d e r e d u s a b l e d u e t o t h e m o v a b l e s u p p o r t . 

D e s c r i p t i o n o f the a p p a r a t u s 
T h e M o b i l e A r m S u p p o r t (F ig . 1) cons i s t s of 

t h r e e p a r t s , a h a r n e s s , a n a r t i c u l a t e d sp l in t t h a t 

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

1. The harness 
T h e h a r n e s s is fitted t o t h e t r u n k a n d t h e sp l in t 

is m o u n t e d o n it . T h e f r a m e w o r k of t h e h a r n e s s 
is f o r m e d f r o m a l u m i n i u m , t h e t w o m a i n p a r t s of 
w h i c h a r e a t t a c h e d o v e r t h e s h o u l d e r s . I t is h e l d 
in p o s i t i o n b y a n a d j u s t a b l e be l t a n d s t r a p s . 

A s p h e r i c a l a r t i c u l a t i o n is a t t a c h e d t o t h e 
h a r n e s s a t t h e leve l o f t h e s h o u l d e r s . I t is m a d e of 
h a r d s t e e l a n d s e r v e s as a s u p p o r t for t h e a r m 
s p l i n t . T h e s u p p o r t a r t i c u l a t i o n m u s t b e l o c a t e d 
a s c l o s e as p o s s i b l e t o t h e a r t i c u l a r c e n t r e of t h e 
s c a p u l o h u m e r a l j o i n t . 

Fig. 1. The splint rests on a supporting spherical 
articulation ( A ) attached to the harness. The 
pneumatic system is composed of a cylinder (C) 
connected to a reservoir of compressed air (R) made 
from a simple reinforced pipe. Force is transmitted 
from the splint by a rod and a universal joint (U) . Two 
pulleys (P) connected by a cable, coordinate the 

movements of the elbow and shoulder 



2. The supporting splint 
T h e s p l i n t is c o m p o s e d of t w o m e t a l p a r t s , o n e 

f o r t h e f o r e a r m a n d t h e o t h e r fo r t h e u p p e r a r m . 
T h e t w o s e g m e n t s a r e a r t i c u l a t e d a t t h e e l b o w b y 
a u n i a x i a l j o i n t . 

T h e f o r e a r m a n d u p p e r a r m of t h e p a t i e n t a r e 
h e l d in t h e s p l i n t b y l a r g e s e l f - a d h e s i v e s t r a p s . 

T h e s e g m e n t a t t a c h e d t o t h e f o r e a r m is m a d e 
f r o m a c y l i n d r i c a l r o d w h i c h c a n t u r n o n i ts ax i s , 
t h u s p e r m i t t i n g p r o n a t i o n a n d s u p i n a t i o n o f t h e 
f o r e a r m . 

A s a l r e a d y m e n t i o n e d t h e s u p p o r t i n g a r m 
s p l i n t is f a s t e n e d t o t h e h a r n e s s b y a s p h e r i c a l 
a r t i c u l a t i o n w h i c h a l l o w s t h e sp l in t t o p i v o t in 
a n y d i r e c t i o n . 

3. The pneumatic lifting system 
T h e p r i n c i p a l p a r t o f t h e p n e u m a t i c s y s t e m is a 

c y l i n d e r fixed v e r t i c a l l y t o t h e h a r n e s s a t t h e 
w a i s t . T h e c y l i n d e r is a t t a c h e d t o t h e h a r n e s s b y a 
r o b u s t u n i v e r s a l j o i n t w h i c h a l l o w s for v a r i a t i o n s 
i n t h e o r i e n t a t i o n o f t h e c y l i n d e r . 

I n s i d e t h e c y l i n d e r is a m o v a b l e p i s t o n 
a t t a c h e d t o a v e r t i c a l r o d . T h e r o d a c t s o n t h e 
p o s t e r i o r p a r t of t h e s u p p o r t i n g a r m sp l in t a n d is 
a t t a c h e d t o t h e s p l i n t b y m e a n s of a u n i v e r s a l 
j o i n t . T h i s j o i n t p l a y s t h e r o l e of t h e o r ig in of 
f o r c e i n t h e l e v e r s y s t e m t h a t a c t i v a t e s t h e s p l i n t 
( F i g . 2 ) . T h e p n e u m a t i c s y s t e m is c o m p l e t e d b y a 
r e s e r v o i r o f c o m p r e s s e d a i r w h i c h is m a d e f r o m a 
r e i n f o r c e d , c o i l e d p i p e 1.5m in l e n g t h fixed t o t h e 
b a c k o f t h e h a r n e s s . T h e r e s e r v o i r is c o n n e c t e d 
t o t h e u p p e r p a r t of t h e c y l i n d e r . 

Fitting and operation 
T h e h a r n e s s is fitted t o t h e p a t i e n t , m a k i n g 

s u r e t h a t t h e s p h e r i c a l s u p p o r t a r t i c u l a t i o n is 

p l a c e d a s c l o s e a s p o s s i b l e t o t h e a r t i c u l a r ax is of 
t h e s c a p u l o h u m e r a l j o i n t . T h e a f f e c t e d a r m is 
t h e n a t t a c h e d t o t h e s p l i n t b y t h e s t r a p s . 

A i r is t h e n p u m p e d i n t o t h e r e s e r v o i r b y a 
s i m p l e h a n d p u m p . W h e n t h e a i r p r e s s u r e in t h e 
c y l i n d e r is suf f ic ien t , it a c t s o n t h e p i s t o n w h i c h is 
f o r c e d d o w n w a r d s a n d d r a w s d o w n t h e p o s t e r i o r 
p a r t o f t h e s p l i n t . A s t h e p o s t e r i o r p a r t o f t h e 
s p l i n t g o e s d o w n t h e a n t e r i o r p a r t of t h e sp l in t 
g o e s u p a l o n g w i t h t h e a r m fixed t o i t a s a r e s u l t of 
t h e p o s i t i o n i n g o f t h e s p h e r i c a l j o i n t . 

T h e p r e s s u r e in t h e r e s e r v o i r m u s t b e a d a p t e d 
t o e a c h p a t i e n t s o a s t o e q u a l i z e t h e p r e s s u r e 
b e t w e e n t h e p i s t o n a n d t h e w e i g h t of t h e a r m a n d 
s p l i n t . T h e p r e s s u r e r e q u i r e d for t h i s p u r p o s e 
u s u a l l y v a r i e s b e t w e e n 1 . 5 a n d 3 .5 b a r s . 

T h e r e s e r v o i r o f c o m p r e s s e d a i r a n d t h e u p p e r 
p a r t o f t h e c y l i n d e r is a c l o s e d s y s t e m . O n c e t h e 
c o r r e c t p r e s s u r e is a r r i v e d a t , it c a n n o t e s c a p e 
d u r i n g a r m m o v e m e n t s . T h u s t h e w e i g h t o f t h e 
a r m is b a l a n c e d . 

T h e o n e p r o b l e m t h a t r e m a i n s t o b e r e s o l v e d is 
h o w t o m a i n t a i n a c o r r e c t b a l a n c e w h i l e t h e a r m 
is s t r e t c h e d o r b e n t . If t h e e l b o w is s t r e t c h e d o u t , 
t h e a r m ' s c e n t r e o f g r a v i t y m o v e s a w a y f r o m t h e 
s h o u l d e r t h u s a d d i n g t o t h e l e v e r a r m of t h e 
r e s i s t a n c e ( R ) . T h e o p p o s i t e r e s u l t is p r o d u c e d if 
t h e e l b o w is b e n t , t h e l e v e r a r m of t h e r e s i s t a n c e 
d i m i n i s h e s . U n d e r t h e s e c o n d i t i o n s i t is 
n e c e s s a r y t o v a r y t h e p i s t o n f o r c e , m a k i n g it 
p r o p o r t i o n a l t o t h e r e s i s t a n c e , p r o p o r t i o n a l , t h a t 
i s , t o t h e e x t e n s i o n o r flexion of t h e e l b o w . T h i s 
c a n b e o b t a i n e d b y v a r y i n g t h e l e n g t h o f t h e l e v e r 
a r m s a c c o r d i n g t o t h e p o s i t i o n o f t h e e l b o w , a 
p r o c e s s w h i c h is d e s c r i b e d b e l o w . 

A p u l l e y is s i t u a t e d a t t h e l eve l o f t h e e l b o w 
w h i c h r o t a t e s b y t h e f l e x i o n / e x t e n s i o n 
m o v e m e n t s o f t h e f o r e a r m . A t t h e l eve l of t h e 
s h o u l d e r is a s e c o n d p u l l e y . T h e s e t w o p u l l e y s 
a r e s e c u r e d a n d l i n k e d t o g e t h e r b y a m e t a l c a b l e 
in s u c h a w a y t h a t t h e r o t a t i o n o f o n e l e a d s t o t h e 
r o t a t i o n o f t h e o t h e r . I t is a t t h e s h o u l d e r p u l l e y 
t h a t o n e finds t h e u n i v e r s a l j o i n t w h i c h t r a n s m i t s 
t h e p n e u m a t i c f o r c e . T h e j o i n t is p o s i t i o n e d in a n 
o f f se t f a s h i o n ( l ike a c a m ) s o t h a t w h e n t h e e l b o w 
is flexed t h e d i s t a n c e b e t w e e n t h e u n i v e r s a l j o i n t 
a n d t h e s p h e r i c a l s u p p o r t a r t i c u l a t i o n is r e d u c e d . 
O n t h e o t h e r h a n d , w h e n t h e e l b o w is e x t e n d e d , 
t h e d i s t a n c e b e t w e e n t h e u n i v e r s a l j o i n t a n d t h e 
s p h e r i c a l s u p p o r t a r t i c u l a t i o n is m a x i m a l , a b o u t 
t w i c e a s m u c h a s w h e n t h e e l b o w is f lexed . T h i s 
a r r a n g e m e n t e n s u r e s t h a t t h e a r m is in c o n s t a n t 
b a l a n c e w h e t h e r it is e x t e n d e d o r flexed. 

Fig. 2. T h e splint functions as a simple lever. (A) is the 
suppor t ing spherical articulation at tached to the 
ha rness ; (R) is the force produced by the weight of the 
a rm and (F) is the force t ransmit ted by the universal 
joint . T h e point where the force (F) is applied is fixed 
eccentrically on the pulley located at the level of the 
shou lde r and is dependen t on the movements of the 

forearm. 



T h e s y s t e m o f c o n n e c t i o n b y c a b l e a l s o h a s t h e 
a d v a n t a g e o f h a r m o n i z i n g t h e m o v e m e n t s of t h e 
s h o u l d e r a n d e l b o w . T h u s a b d u c t i o n o f t h e a r m , 
a l t e r s t h e p o s i t i o n o f t h e u n i v e r s a l j o i n t a n d t u r n s 
t h e s h o u l d e r - l e v e l p u l l e y w h i c h l e a d s t o p a s s i v e 
flexion o f t h e e l b o w . I n d e e d , in e v e r y d a y life 
a b d u c t i o n o f t h e a r m a n d flexion o f t h e e l b o w a r e 
g e n e r a l l y p e r f o r m e d t o g e t h e r . 

R a n g e o f m o v e m e n t 
A r m m o v e m e n t s w i t h t h e a p p a r a t u s a r e m a d e 

p o s s i b l e by t h e s t r e n g t h of t h e p a t i e n t ' s m u s c l e s 
a n d t h e a r r a n g e m e n t o f t h e m e c h a n i c a l p a r t s . 

D u r i n g n u m e r o u s c l in ica l t e s t s , t h e pas s ive 
r a n g e s of m o v e m e n t p e r m i t t e d by t h e a p p a r a t u s 
h a v e b e e n m e a s u r e d . T h e y a r e as fo l l ows ; 
— s h o u l d e r a b d u c t i o n : 90° 
— s h o u l d e r flexion: 135° (F ig . 3 ) 
— s h o u l d e r a d d u c t i o n c o m b i n e d w i t h flexion: 20° 
— s h o u l d e r a d d u c t i o n c o m b i n e d wi th e x t e n s i o n : 
35° 

— s h o u l d e r e x t e n s i o n : 45° 
— i n t e r n a l r o t a t i o n of t h e a r m : 90° 
— e x t e r n a l r o t a t i o n of t h e a r m : 80° 
— f l e x i o n o f t h e e l b o w : 120° 
— e x t e n s i o n o f t h e e l b o w : 0° ( c o m p l e t e ) 
— s u p i n a t i o n a n d p r o n a t i o n of t h e f o r e a r m : 90° 
( c o m p l e t e ) 

T h i s g r e a t m o b i l i t y o n all l eve ls is m a d e 
p o s s i b l e b y t h e u s e o f t h e s p h e r i c a l s u p p o r t 
a r t i c u l a t i o n , i ts l o c a t i o n v e r y n e a r t h e c e n t r e of 
t h e s c a p u l o h u m e r a l a r t i c u l a t i o n , i ts c o n n e c t i o n 
w i t h t h e u n i v e r s a l j o i n t a n d , f inal ly, by t h e l o n g 
m o v e m e n t o f t h e c y l i n d e r p i s t o n . 

Cl in ica l tes ts 
C l i n i c a l t e s t s w e r e c a r r i e d o u t w i t h 18 p a t i e n t s . 

E a c h p a t i e n t h a d t o ; 
— h a v e a l o c a l de f i c i ency o f t h e a r m , 
p r e d o m i n a n t l y a t t h e s h o u l d e r o r t h r o u g h o u t t h e 
a r m , r e l a t e d t o p a r a l y s i s , m u s c u l a r o r r h e u m a t i c 
a i l m e n t s , e t c . 
— h a v e a m u s c u l a r r a t i n g a t t h e s h o u l d e r of 
a r o u n d 2 
— b e a l e r t a n d if p o s s i b l e c o - o p e r a t i v e . 

T h e 18 p a t i e n t s s u f f e r e d f r o m v a r i o u s 
c o n d i t i o n s ; 

— m y o p a t h y o f t h e s h o u l d e r g i r d l e 
— p a r a l y s i s o f t h e b r a c h i a l p l e x u s w i t h t h e m a j o r 
d a m a g e a t C 5 a n d C 6 
— h e m i p l e g i a 
— t e t r a p l e g i a 
— r e f l e x s y m p a t h e t i c d y s t r o p h y of t h e a r m . 

T h e a p p a r a t u s u s e d for t h e s e t e s t s w a s a 
p r o t o t y p e fo r t h e right s i d e o n l y a n d n o t 
p e r f e c t l y a d a p t e d t o e a c h s u b j e c t , a fac t w h i c h 
l e d t o s o m e di f f icu l t ies . 

F o r e a c h p a t i e n t a d o s s i e r c o n t a i n i n g t h e 
f o l l o w i n g w a s c o m p i l e d ; 
— e v a l u a t i o n o f t h e h a n d i c a p p e d p a t i e n t 
— e v a l u a t i o n o f a c t i v e m o b i l i t y a n d t h e m u s c u l a r 
f o r c e fo r al l m o v e m e n t s o f t h e s h o u l d e r a n d 
e l b o w , first w i t h o u t a n d t h e n w i t h t h e M o b i l e 
A r m S u p p o r t 

— e v a l u a t i o n o f u s u a l m o v e m e n t s , w i t h a n d 
w i t h o u t t h e M o b i l e A r m S u p p o r t . 

R e s u l t s 
1 Tolerance 

T o l e r a n c e t o t h e s u p p o r t w a s e x c e l l e n t . U s e o f 
t h e a p p a r a t u s c a u s e d n o p a i n a n d d i d n o t 
a g g r a v a t e t h e p a t i e n t ' s c o n d i t i o n . 

T h e a p p a r a t u s w a s we l l a c c e p t e d ; a f t e r fitting, 
t h e p a t i e n t r e q u i r e d n o t r a i n i n g in its u s e . T h e 
s p l i n t w a s i m m e d i a t e l y p u t i n t o a c t i o n by t h e 
f o r c e lef t in t h e a r m a n d t h e s u b j e c t s t e s t e d m a d e 
u s e o f it in t h e m o s t n a t u r a l w a y . 

Fig. 3. During clinical tests shoulder flexion reached 
135°. 



2 Gains in range of movements 
a S h o u l d e r m o v e m e n t s . 

I m p o r t a n t g a i n s w e r e n o t e d for n e a r l y all 
m o v e m e n t s o f t h e a r m , b u t e spec i a l l y for 
a b d u c t i o n a n d flexion (F ig . 4 ) . A x i a l r o t a t i o n a l 
m o v e m e n t s w e r e n o t a f f e c t e d b y t h e a p p a r a t u s 
w h i c h w a s n o t d e s i g n e d for th i s p u r p o s e . 

b F l e x i o n o f t h e e l b o w . 
F l e x i o n o f t h e e l b o w w a s i m p r o v e d in all c a s e s 

e x c e p t o n e ( a h e m i p l e g i c ) w h e r e n o p r o g r e s s w a s 
m a d e w i t h o r w i t h o u t t h e a p p a r a t u s . T h e g a i n in 
e l b o w flexion is e x p l a i n e d b y t w o facts . F i r s t ly , a s 
t h e s h o u l d e r a n d e l b o w m o v e m e n t s a r e l i n k e d by 
t h e a p p a r a t u s , a b d u c t i o n o f t h e a r m f a v o u r s 
flexion o f t h e e l b o w . S e c o n d l y , w h e n t h e a r m is 
a b d u c t e d a n d b e c o m e s h o r i z o n t a l , flexion of t h e 
e l b o w is a c c o m p l i s h e d m o r e eas i ly . 

c P r o n a t i o n - s u p i n a t i o n m o v e m e n t s of t h e 
f o r e a r m . 

T h e y w e r e n o t a f f e c t e d by u s e of t h e 
a p p a r a t u s . 

3 Gains in muscular strength 
I t w a s n o t e d w i t h s o m e s u r p r i s e t h a t m u s c u l a r 

s t r e n g t h w a s i m p r o v e d in o n e t h i r d of t h e c a s e s , 
f r o m a b o u t 1/2 t o 1 p o i n t o n t h e i n t e r n a t i o n a l 
r a t i n g s c a l e . I t is b e l i e v e d t h a t t h e p o s i t i o n i n g of 
t h e a r m a n d t h e e f fec t s o f r e s t b r o u g h t a b o u t by 
t h e s u p p o r t i n g sp l in t a r e r e s p o n s i b l e for th i s 
i m p r o v e m e n t ; o n c e t h e s u b j e c t n o l o n g e r h a s t o 
fight t h e w e i g h t o f h i s o w n a r m , t h e a r m m u s c l e s 
a r e m o r e r e l a x e d a n d c a n t h u s w o r k b e t t e r . 

4 Lessening of pain 
I n c a s e s o f r h e u m a t i s m of t h e s h o u l d e r in 

w h i c h f u n c t i o n a l i n a b i l i t y is d u e l a rge ly t o p a i n , 
t h e s u p p o r t p r o v i d e d b y t h e sp l in t p e r m i t t e d a n 
i m m e d i a t e a n d p a i n l e s s r e s u m p t i o n of 
m o v e m e n t . I n t h e s e c a s e s t h e M o b i l e A r m 
S u p p o r t p r o m i s e s t o b e a usefu l i n s t r u m e n t of 
r e h a b i l i t a t i o n . 

5 Functional improvements 
I m p r o v e m e n t h a s b e e n n o t e d e spec i a l l y in 

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

T h e M o b i l e A r m S u p p o r t i m p r o v e s f u n c t i o n a l 
m o v e m e n t s in t h e g r e a t e r p a r t for all t h e p a t i e n t s 
fitted. I n p a r t i c u l a r it p e r m i t s p a t i e n t s t o c a r r y 
o u t a c t i v i t i e s m o r e eas i ly a n d w i t h less f a t i gue 
( F i g . 5 ) . 

Fig. 4. Abduction of the shoulder in 10 cases of 
peripheral affliction. The grey area represents 
abduction without the support, the striped area shows 

the improvement produced by using the support. 

Fig. 5. Top, without the Mobile Arm Support a patient 
suffering from myopathy has to lean forward to don his 
spectacles. Bottom, normal action possible when using 

the support. 



6 Negative effects 

N e g a t i v e e f fec ts h a v e b e e n v e r y r a r e a n d a r e 

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

p r o t o t y p e . T h e w e i g h t o f t h e a p p a r a t u s (4 k g ) 

h a s b e e n j u d g e d t o o h i g h a n d m u s t b e r e d u c e d . 

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

a c c e p t a b l e . 

T h e l i m i t a t i o n of c e r t a i n a r t i c u l a r m o v e m e n t s 

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

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

h a n d i c a p s , w e r e n o t a b l e t o r e a c h t h e l imi t s of 

t h e a p p a r a t u s . 

A p p l i c a t i o n o f the s u p p o r t 

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

o f f e r h o p e f o r a l a r g e a r e a o f a p p l i c a t i o n . I t is 

p o s s i b l e t o u s e t h e s u p p o r t in a g r e a t n u m b e r o f 

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

m u s t b e r e m e m b e r e d , h o w e v e r , t h a t t h e 

a p p a r a t u s is o n l y u s e f u l fo r w e a k n e s s e s i nvo lv ing 

t h e s h o u l d e r j o i n t . 

G e n e r a l l y s p e a k i n g , t h e a p p a r a t u s c a n b e u s e d 

u n d e r t w o c i r c u m s t a n c e s ; 

— t e m p o r a r i l y ; d u r i n g t h e first s t a g e of 

r e h a b i l i t a t i o n 

— f o r p r o l o n g e d a n d m o r e de f in i t ive u s e d u r i n g 

t h e l a s t s t a g e o f r e h a b i l i t a t i o n . 

A s a r e s u l t o f e x p e r i e n c e w i t h t h e a p p a r a t u s it 

c a n b e u s e d t e m p o r a r i l y in t r a u m a t i c o r pa in fu l 

r h e u m a t i c a f f l ic t ions o f t h e s h o u l d e r a n d in 

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

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

p r o b l e m s . 

T h e s u p p o r t is s u i t a b l e fo r p r o l o n g e d u s e in 

c a s e s o f m a r k e d b r a c h i a l p l e x u s , o t h e r 

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

a f t e r m a t h o f p o l i o m y e l i t i s , e t c . , e spec i a l l y if t h e 

o t h e r a r m is a l s o a f f e c t e d . 

I t c a n a l s o b e u s e d in c o n j u n c t i o n w i t h a n o t h e r 

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

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

n e e d e d t o w o r k t h e h a n d . T h e w e i g h t of a h a n d 

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

A r m S u p p o r t . 

C o n c l u s i o n s 

1 T h e M o b i l e A r m S u p p o r t is a s i m p l e , 

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

c o m p l e t e l y s u p p o r t s t h e a r m t h u s a l l o w i n g it t o 

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

a c t i v i t y . I t s o r i g i n a l i t y c o m e s f r o m t h e f o l l o w i n g ; 

— t h e s p l i n t is p l a c e d in c o n t a c t w i t h t h e a r m 

— i t is s u p p o r t e d b y a h a r n e s s a n d m o v e s w i t h t h e 

p a t i e n t 

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

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

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

a r t i c u l a t i o n 

— i t u s e s a p n e u m a t i c s y s t e m t h a t is b o t h s t r o n g 

a n d s u p p l e 

— t h e m o v e m e n t s of t h e s h o u l d e r a n d e l b o w a r e 

l i n k e d . 

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

h y b r i d s y s t e m w h i c h f u n c t i o n s a s a s ing le u n i t 

w h i l e u s i n g t h e p a t i e n t ' s n o r m a l s e n s e s a s we l l a s 

h i s o w n s t r e n g t h . T h e a p p a r a t u s is p a r t a n d 

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

f a v o u r s i ts a c c e p t a n c e . I t s u t i l i z a t i o n n e c e s s i t a t e s 

n o l o n g t e r m l e a r n i n g . 

3 C l i n i c a l t e s t s h a v e s h o w n t h a t t h e M o b i l e 

A r m S u p p o r t h a s i m p r o v e d t h e a c t i v e r a n g e in 

m o s t s h o u l d e r a n d e l b o w m o v e m e n t s a s we l l a s 

f u n c t i o n a l p o s s i b i l i t i e s . F u n c t i o n a l i m p r o v e m e n t 

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

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

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

c a n , t h e m o t o r f u n c t i o n s w h i c h a r e left t o t h e m . 

4 T h e a p p a r a t u s m u s t b e l i g h t e n e d , t h e 

h a r n e s s m u s t b e i n d i v i d u a l l y fitted a n d i ts 

g e n e r a l a e s t h e t i c s i m p r o v e d . 
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Letter to the Editor 

D e a r E d i t o r s , 
O n t h e 7 t h M a r c h t h e N o r w e g i a n N a t i o n a l M e m b e r S o c i e t y of I S P O h e l d a S y m p o s i u m in O s l o o n 

p r o b l e m s r e g a r d i n g g e r i a t r i c a m p u t e e s . T h e m e e t i n g c r e a t e d s u c h i n t e r e s t t h a t I a m c o n v i n c e d t h e 
s u b j e c t w o u l d b e a v e r y usefu l g a t h e r i n g t h e m e for a n I S P O m e e t i n g in o t h e r c o u n t r i e s a s w e l l . T h e 
h a n d l i n g o f t h e g e r i a t r i c a m p u t e e i nvo lve s t h e e n g a g e m e n t of m a n y d i sc ip l ines , a n d t h e d e v e l o p m e n t of 
m u l t i - d i s c i p l i n a r y t e a m - w o r k is o n e of t h e m a i n a i m s of I S P O . 

T h e p r o g r a m m e w a s d i v i d e d i n t o s e s s i o n s fo l lowing t h e n a t u r a l p r o g r e s s of t r e a t m e n t a n d 
r e h a b i l i t a t i o n . E a c h s e s s i o n w a s a r r a n g e d as a p a n e l d e b a t e w i th p a r t i c i p a t i o n of t h e a u d i e n c e . 

T h e first p a n e l s t r e s s e d h o w a d e q u a t e c a r e of a d i s e a s e d l o w e r e x t r e m i t y m i g h t , in m a n y c a s e s , 
p r e v e n t d e t e r i o r a t i o n l e a d i n g t o a m p u t a t i o n . T h e surg ica l p a n e l w a s c o n c e r n e d w i t h t h e d i f f e r en t 
s u r g i c a l a s p e c t s of a m p u t a t i o n , s u c h as l eve l s , t e c h n i q u e s , e t c . , in p a r t i c u l a r , v a s c u l a r p r o b l e m s o f 
g e r i a t r i c a m p u t e e s w e r e d e b a t e d . T h e n e x t p a n e l d i s c u s s e d t h e p r e - , p e r - , a n d p o s t o p e r a t i v e t r e a t m e n t 
o f t h e a m p u t e e s . T h e f o l l o w i n g p a n e l d i s c u s s e d g u i d e l i n e s for t h e s e l e c t i o n o f t h e p r o s t h e s i s a n d its 
a d a p t a t i o n f r o m t h e p o i n t of v i ew of t h e o r t h o p a e d i c s u r g e o n , p r o s t h e t i s t , d i f f e r en t t h e r a p i s t s , e t c . , 
t o g e t h e r w i t h n u r s i n g p r o b l e m s d u r i n g h o s p i t a l i z a t i o n . T h e c los ing p a n e l d i s c u s s e d t h e p s y c h o - s o c i a l 
a s p e c t s o f t h e e l d e r l y p a t i e n t , s u c h as m e n t a l r e a c t i o n t o t h e a m p u t a t i o n a n d t h e p r o b l e m s o f t o t a l soc ia l 
r e h a b i l i t a t i o n for t h e f u t u r e . 

T h e p a n e l p a p e r s w e r e g i v e n by p h y s i c i a n s , n u r s e s , social w o r k e r s , p r o s t h e t i s t s , p h y s i o t h e r a p i s t s , 
o c c u p a t i o n a l t h e r a p i s t s a n d foo t t h e r a p i s t s . T h e a u d i e n c e h a d t h e s a m e s t r u c t u r e . W e h a d 190 
p a r t i c i p a n t s a t o u r o n e - d a y s e m i n a r . I t is b e l i e v e d t h a t t h e s y m p o s i u m c o v e r e d a r ea l n e e d a n d w a s s o 
s u c c e s s f u l t h a t m a n y p a r t i c i p a n t s p r o p o s e d t o h o l d s imi la r m e e t i n g s in t h e f u t u r e . T h e g e n e r a l f ee l ing 
w a s t h a t s o m e of t h e t o p i c s t o u c h e d u p o n in th i s m e e t i n g s h o u l d b e d i s c u s s e d in t h e fu tu re in g r e a t e r 
d e t a i l b y s p e c i a l i n t e r e s t g r o u p s ( w o r k s h o p s ) . 

T h e s y m p o s i u m v e r y e f fec t ive ly s t r e n g t h e n e d t h e r a p p o r t b e t w e e n I S P O m e m b e r s a n d 
d e m o n s t r a t e d t h e u s e f u l n e s s of t h i s k i n d of I S P O ac t iv i ty . 

G e o r g e V e r e s , 
C h a i r m a n , 

N o r w e g i a n N a t i o n a l M e m b e r S o c i e t y , 
S o p h i e s M i n d e O r t h o p a e d i c H o s p i t a l , 
T r o n d h e i m s v e i e n 132 , 
O s l o . 
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Obituaries 

Capta in T h o m a s C a n t y , M . D . , U . S . Navy 

C a p t a i n T h o m a s C a n t y , M . D . , U . S . N a v y p a s s e d a w a y o n Ju ly 15, 1979. 
T o m o s t o f t h e y o u n g e r I S P O m e m b e r s , T o m C a n t y m a y h a v e b e e n u n k n o w n ; h e w a s 

h o w e v e r o n e o f t h e p r o f e s s i o n a l p i o n e e r s s i nce 1951 in t h e f o r e r u n n e r o f o u r s o c i e t y , t h e 
c o m m i t t e e o n P r o s t h e s e s , B r a c e s a n d T e c h n i c a l A i d s . H e w a s h e a d of t h e o r t h o p a e d i c 
r e h a b i l i t a t i o n c e n t r e o f t h e U . S . N a v y in O a k l a n d , C a l i f o r n i a . 

B y s o m e g r o u p s C a n t y w a s c o n s i d e r e d a c o n t r o v e r s i a l p e r s o n . W i t h i n I S P O h o w e v e r h e 
w a s o n e o f t h e d e d i c a t e d , a c t i v e a n d f igh t ing m e m b e r s , w h o p o s s e s s e d l o n g r a n g e v i s ion . T o t h e 
c o m m i t t e e m e m b e r s h e b e c a m e a c lose f r i end a n d a d y n a m i c p r o m o t e r . O t h e r s s aw h i m as a 
v i g o r o u s l e c t u r e r a n d d i s c u s s o r . 

T h e o l d t i m e r s wi l l c h e r i s h t h e m e m o r y of g o o d o l d T o m — s e v e r a l of t h e y o u n g s t e r s will 
r e c a l l h i m , w h e n t h e y p r e s c r i b e a C a n t y - b r a c e . 

V e r n e T h o m p s o n I n m a n 

T h e p a s s i n g o f V e r n e I n m a n is l e a r n e d w i t h d e e p s a d n e s s by t h e w o r l d of o r t h o p a e d i c 
s u r g e o n s . 

H i s r a n g e o f r e s e a r c h w a s w i d e a n d his c o n t r i b u t i o n s in s e v e r a l a r e a s r e m a i n of g r e a t 
s i g n i f i c a n c e . H i s s t u d i e s w i t h i n n e r v e - a n d m u s c l e p h y s i o l o g y a r e r e c o g n i z e d in all c o u n t r i e s . 
H i s a c t i v i t y w i t h i n t h e s c o p e o f o u r s o c i e t y w a s his r e s e a r c h in l o c o m o t i o n a n d in p r o s t h e t i c s 
a n d o r t h o t i c s . 

A s p r o f e s s o r in t h e U n i v e r s i t y of C a l i f o r n i a h e a c c e p t e d t h e c h a l l e n g e a r i s ing a f te r t h e 
s e c o n d w o r l d w a r . In t e a m w o r k w i t h t h e e n g i n e e r Prof . H o w a r d E b e r h a r t , D r . H e n r y R a l s t o n 
a n d o t h e r s t h e l a b o r a t o r y o f b i o m e c h a n i c s a n d b i o e n g i n e e r i n g w a s d e v e l o p e d . T h e p o o l e d 
i n t e l l i g e n c e u n d e r g i f ted a n d d e d i c a t e d l e a d e r s h i p o f f e r e d r e s u l t s o f i m m e n s e c l inical 
i m p o r t a n c e . 

V e r n e I n m a n wi th his e x p e r i e n c e , n o b l e s e n s e of h u m o u r a n d u n i q u e t a l e n t for t e a c h i n g 
w a s a b e l o v e d m e m b e r of t h e facul ty o n o u r i n t e r n a t i o n a l c o u r s e s . By t h e p a r t i c i p a n t s h e w a s 
g i v e n t h e n i c k n a m e " C h a r l i e C h a r m i n g " , d u e t o his sl ight r e s e m b l a n c e t o C h a r l i e C h a p l i n . 

O u r t h o u g h t s g o t o his w o n d e r f u l wi fe . I r e n e a n d his s o n s a n d family. H i s m e m o r y will b e 
t r e a s u r e d by h i s p a t i e n t s a n d h i s m a n y f r i ends all o v e r t h e w o r l d . 

K N U D J A N S E N . 
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Deutsch 

T o i l e t t e n h y g i e n e für Pat i enten mit doppelse i t iger 
h o h e r A r m a m p u t a t i o n 
L . F r i e d m a n n 
Pros. Orth. Int. 4:1,29-36 

Z u s a m m e n f a s s u n g 
E i n e s d e r g r ö s s t e n P r o b l e m e für d i e P a t i e n t e n 
m i t h o h e r d o p p e l s e i t e i g e r A r m a m p u t a t i o n ist 
d i e U n s e l b s t ä n d i g k e i t b e i d e n h y g i e n i s c h e n 
V e r r i c h t u n g e n . D i e s e A b h ä n g i g k e i t v e r m a g 
A u s b i l d u n g u n d E r w e r b s f ä h i g k e i t z u ver 
u n m ö g l i c h . D i e A r b e i t b e s c h r e i b t d i e ve r -
s h i e d e n e n , im H a n d e l e r h ä l t l i c h e n g e e i g 
n e t e n B e k l e i d u n g s s t ü c k e u n d H i l f s m i t t e l z u m 
A n - u n d A u s z i e h e n s o w i e z u r T o i l e t t e n - u n d 
M e n s t r u a t i o n s h y g i e n e . D i e v e r s c h i e d e n e n Hi l fs 
m i t t e l w e r d e n a u f i h r e E i g n u n g g e p r ü f t in b e z u g 
a u f d i e v e r s c h i e d e n e n A m p u t a t i o n s h ö h e n . D e r 
P a t i e n t m u s s a b e r z u r U n a b h ä n g i g k e i t 
b e s o n d e r s s t a r k m o t i v i e r t s e i n . E i n e z u i n t e n s i v e 
B e t r e u u n g d u r c h d i e A n g e h ö r i g e n w i r k t s ich 
n e g a t i v a u s . 

H a u t p r o b l e m e bei B e i n a m p u t i e r t e n 
S . W i l l i a m L e v y 
Pros. Orth. Int. 4 : 1 , 5 7 - - « 

Z u s a m m e n f a s s u n g 
D i e A r b e i t b e f a s s t s i ch m i t h ä u f i g e n 
H a u t p r o b l e m e n b e i T r ä g e r n v o n O b e r - u n d 
U n t e r s c h e n k e l p r o t h e s e n . S ie b e s c h r e i b t d i e 
M ö g l i c h k e i t e n d e r S t u m p f p f l e g e u n d b r i n g t 
d a n n e i n e E i n t e i l u n g d e r v e r s c h i e d e n e n 
H a u t e r k r a n g k u n g e n u n d d e r e n B e h a n d l u n g . 
B e h a n d e l t w i r d d i e K o n t a k t d e r m a t i k i s , d a s 
E l e z e r n , E p i d e r m o i d - Z y s t e n , b a k t e r i e l l e u n d 
m y k o s e I n f e k t i o n e n , d a s c h r o n i s c h e U l c u s u n d 
d i e v e r r u k ö s e H y p e r p l a s i e . 

E i n e i n f a c h e s u n d vie lse i t iges Hilfsmittel z u m 
S t e u e r n v o n K r a f t f a h r z e u g e n d u r c h A r m 
a m p u t i e r t e 
T . E . S e n s k y 
Pros. Orth. Int. 4 :1 ,47^ t9 . 

Z u s a m m e n f a s s u n g 
B e s c h r e i b u n g e i n e s e i n f a c h e n H i l f s m i t t e l s z u m 
B e d i e n e n d e s S t e u e r r a d e s für O b e r a r m 
a m p u t i e r t e . E s b e s t e h t a u s e i n e m e i n f a c h e n , 
s i c h e r e n u n d p r e i s g ü n s t i g e n G r e i f h a k e n u n d h a t 
V o r t e i l e i m V e r g l e i c h z u d e n ü b l i c h e n 
H i l f s m i t t e l n m i t K u g e l g e l e n k . E i n w e i t e r e s 
H i l f s m i t t e l l äss t s i ch a m S c h a l t h e b e l b e f e s t i g e n 
u n d g e s t a t t e t s o d e m P a t i e n t e n d a s B e d i e n e n 
e i n e s G e t r i e b e s m i t H a n d s c h a l t u n g . 

Richt l in i en für R o h r s k e l e t t p r o t h e s e n 
A . S t a r o s 

Pros. Orth. Int. 4:\,45^‡6. 

Z u s a m m e n f a s s u n g 

D i e A r b e i t b e r i c h t e t ü b e r d i e v o n d e r 
A m e r i k a n i s c h e n K r i e g s o p f e r f ü r s o r g e v e r f o l g t e n 
R i c h t l i n i e n u n d A n f o r d e r u n g e n für R o h r s k e l e t t 
p r o t h e s e n . 
B e h a n d l u n g m i t d e r K l i m a k a m m e r 
I . M . T r o u p 

Pros. Orth. Int. 4 :1 ,15-28 . 

Z u s a m m e n f a s s u n g 

E i n e n e u e M e t h o d e w i r d v o r g e s t e l l t , m i t d e r s ich 
g e w i s s e p h y s i k a l i s c h e U m w e l t s b e d i n g u n g e n a n 
e i n e r o p e r i e r t e n E x t r e m i t ä t s i ch v e r b e s s e r n 
l a s s e n . D i e M e t h o d e w u r d e in d e r A m p u t a 
t i o n s c h i r u r g i e u n d i n a n d e r e n b e s t i m m t e n F ä l l a n 
a u f b r e i t e r B a s i s in v e r s c h i e d e n e n Z e n t r e n in 
G r o s s b r i t a n n i e n u n d d e n U S A g e p r ü f t . 

D i e U n t e r s u c h u n g fo lg t n i c h t e i n e m b e s t i 
m m t e n S c h e m a , s o n d e r n b e r u h t a u f B e o b 
a c h t u n g u n d k l i n i s c h e m V e r l a u f . D e n A u t o r e n 
g i n g e s v o r a l l e m d a r u m , d e n I n d i k a t i o n s b e r e i c h 
d e r B e h a n d l u n g in d e r K l i m a k a m m e r m ö g l i c h s t 
w e i t z u f a s s e n . 

D i e S t a t i s t i k u m f a s s t 100 P a t i e n t e n m i t 128 
B e h a n d l u n g e n a u s e i n e m m ö g l i c h s t w e i t e n 
I n d i k a t i o n s b e r e i c h . R e g i s t r i e r t w u r d e d a s 
V o r h a n d e n s e i n o d e r d a s F e h l e n v o n O e d e m , 109 
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I n f e k t i o n , I s c h ä m i e , S c h m e r z u n d w e i t e r e n 

w i c h t i g e n G e s i c h t s p u n k t e n . D a r a u f e r g a b e n s ich 

e i n i g e S c h l u s s f o l g e r u n g e n , d i e v o n d e n 

B e t e i l i g t e n a l l g e m e i n a k z e p t i e r t w u r d e n . 

F ü r b e s t i m m t e so rg fä l t i g a u s g e w ä h l t e F ä l l e ist 

d i e B e h a n d l u n g m i t d e r K l i m a k a m m e r v o n 

V o r t e i l . N o t w e n d i g s i n d j e d o c h w e i t e r e 

o b j e k t i v e K r i t e r i e n , i n s b e s o n d e r e z u r B e u r 

t e i l u n g d e r D u r c h b l u t u n g s v e r h ä l t n i s s e , u m d i e 

M e t h o d e a l l g e m e i n z u r E i n f u h r u n g z u 

e m p f e h l e n . 

Espariol 
M e t o d o s auto -h ig i en i co p a r a a m p u t a d o s 

b i la t era l e s a a l to nivel d e m i e m b r o super ior 

L . F r i e d m a n n 

Pros. Orth. Int. 4:1,29-36 

R e s u m e n 

U n o d e l o s p r o b l e m a s m á s i m p o r t a n t e s p a r a e l 

p a t i e n t e b i l a t e r a l d e m i e m b r o s u p e r i o r , e s su 

i n c a p a c i d a d p a r a r e a l i z a r s u s a c t i v i d a d e s 

h i g i é n i c a s . L a d e p e n d e n c i a e n e s t e a r e a , 

i m p o s i b i l i t a s u a s i s t e n c i a a la e s c u e l a o a l t r a b a j o . 

E s t e e s t u d i o i n v e s t i g a l o s d i f e r e n t e s t i p o s d e 

r o p a d i s p o n s i b l e s y s u a d a p t a t i o n p a r a faci l i tar la 

m u d a , l i m p i e z a g e n i t a l y d i s p o s i t i v o s p a r a el 

c u i d a d o m e n s t r u a l . L o s d i s p o s i t i v o s s e a n a l i z a n 

c o n e l fin d e a d a p t a r l o s a las n e c e s i d a d e s d e los 

d i f e r e n t e s t i p o s y n i v e l é s d e de f i c i enc i a s y fines. 

L a i n d e p e n d e n c i a r e q u i è r e u n a i n t e n s a 

m o t i v a t i o n d e l p a t i e n t e y la e l i m i n a t i o n d e l 

e x c e s o d e p r o t e c t i o n p o r p a r t e d e los p a d r e s . 

P r o b l e m a s d e la p ie l e n los a m p u t a d o s d e 

m i e m b r o infer ior 

S . W i l l i a m L e v y 

Pros. Orth. Int. 4:1,37-44 

R e s u m e n 

E s t e a r t i ' cu lo t r a t a d e los p r o b l e m a s c o m u n e s d e 

la p i e l , a s o t i a d o s a l u s o d e las p r d t e s i s e n los 

a m p u t a d o s p o r e n t i m a y d e b a j o d e la r o d i l l a . 

D e s p u é s d e u n a b r e v e e x p o s i t i o n s o b r e los 

m é t o d o s p a r a la h i g i e n e d e l m u r i d n , s e clasif ican 

l a s a l t e r a t i o n e s c u t á n e a s e spec i f i cas d e l o s 

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

p e q u e r i o r e s u m e n d e l o s a v a n c e s e n los m é t o d o s 

p a r a s u t r a t a m i e n t o . L a s a l t e r a t i o n e s q u e se 

t r a t a n s o n : d e r m a t i t i s d e c o n t a c t o , e c z e m a , 

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

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

h i p e r p l á s i c a s . 

D i s p o s i t i v e senc i l lo y versat i l p a r a a m p u t a d o s d e 

e x t r e m i d a d infer ior 

T . E . S e n s k y 

Pros. Orth. Int. 4 : 1 , 4 7 - 4 9 

R e s u m e n 

S e d e s c r i b e u n d i s p o s i t i v o p a r a c o n d u c i r . E s u n 

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

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

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

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

t a m b i e n u n a c c e s o r i o q u e s e a d a p t a a la p a l a n c a 

d e la m a r c h a , p e r m i t i e n d o c a m b i a r a l m a r c h a 

m a n u a l m e n t e , u t i l i z a n d o e l d i s p o s i t i v o d e 

c o n d u c c i d n . 

N o r m a s p a r a pro tes is m o d u l a r e s 

A . S t a r o s 

Pros. Orth. Int. 4 : 1 , 4 5 - 4 6 

R e s u m e n 

E s t e e s t u d i o s u b r a y a la a c t i t u d e s d e la 

A d m i n i s t r a c i d n d e V e t e r a n o s d e l o s E s t a d o s 

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

d e l a s p r d t e s i s m o d u l a r e s . 

T r a t a m i e n t o c o n t r o l a d o de l m e d i o a m b i e n t e 

( C E T ) 

I . M . T r o u p 

Pros. Orth. Int. 4:1,15-28 

R e s u m e n 

S e d i s c u t e u n n u e v o m é t o d o p a r a m e j o r a r c i e r t o s 

a s p e c t o s ffsicos a m b i e n t a l e s s o b r e l a e x t r e m i d a d . 

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

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

y o t r a s c o n d i c i o n e s e spec i f i ca s , e f e c t u a d o e n 

p r u e b a s c o n t r o l a d a s e n v a r i o s C e n t r a s d e l R e i n o 

U n i d o y E s t a d o s U n i d o s d e A m e r i c a . 

E l p r o t o c o l o n o i n t e n t a b a e s t a b l e c e r n i n g û n 

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

o b s e r v a t i o n e i m p r e s i d n c l in ica . E n o t r a s 

p a l a b r a s , s e t r a t a d e u n a p r o l o n g a t i d n d e l u s o 

d e l m é t o c o C E T , e n u n i n t e n t o d e c o n s e q u i r u n a 

m as a m p l i a e x p e r i e n c i a d e s u a p l i c a t i d n . 

S e d e t a i l a n 100 c a s o s c o n 128 t r a t a m i e n t o s , 

q u e c u b r e n u n a e x t e n s a , , v a r i e d a d d e p o n e n c i a s 

c u h i c a s . E n t r e o t r o s d a t o s i m p o r t a n t e s se 
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r eg i s t r a r / on a q u e l l o s s o b r e la p r e s e n c i a o 

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

A l g u n a s c o n c l u s i o n e s se c o n s i d e r a r o n 

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

p e r t i n e n t e . 

L a e v i d e n c i a s u g i e r e q u e e l u s o c o n t i n u a d o d e l 

m é t o d o C E T , e s t á j u s t i f i c a d o e n c i e r t o s c a s o s 

c l i h i c o s c u i d a d o s a m e n t e s e l e c c i o n a d o s . E s m á s , 

p a r e c e n e c e s a r i o e s t a b l e c e r v a l o r a c i o n e s c ienh ' -

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

l o s l a b o r a t o r i o s v a s c u l a r e s , d o n d e se r e a l i z a n 

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

f o r m a r u t i n a r i a . 

Français 

Toi l e t t e int i ine chez d e s pat ients a v e c a m p u t a t i o n 

h a u t e d e s d e u x b r a s . 

L . F r i e d m a n n 

Pros. Orth. Int. 4 : 1 , 2 9 - 3 6 

R é s u m e 

L a d é p e n d a n c e l o r s d e s b e s o i n s i n t i m e s 

r e p r é s e n t e u n g r o s p r o b l è m e p o u r l e s p a t i e n t s 

q u i o n t s u b i u n e a m p u t a t i o n h a u t e d e s 2 b r a s . 

C e t t e d é p e n d a n c e p e u t r e n d r e u n e f o r m a t i o n 

p r o f e s s i o n n e l l e e t u n e a c t i v i t é l u c r a t i v e 

i m p o s s i b l e . C e t r a v a i l d é c r i t l es p i è c e s d e 

v ê t e m e n t s a d é q u a t s o b t e n a b l e s d a n s le 

c o m m e r c e e t l es m o y e n s aux i l l i a i r e s p o u r 

s ' h a b i l l e r e t s e d é s h a b i l l e r a in s i q u e c e u x p o u r 

l ' h y g i è n e d e la t o i l e t t e e t d e la m e n s t r u a t i o n . L a 

c o n v e n a n c e , d e c e s o b j e t s p a r r a p p o r t â la 

h a u t e u r d e l ' a m p u t a t i o n e s t é t u d i é e . C e p e n d a n t 

il f a u t q u e l e p a t i e n t s o i t t r è s m o t i v é à s o n 

i n d é p e n d a n c e . U n m a t e r n a g e t r o p in t ens i f d e s 

p r o c h e s d u p a t i e n t a u n e f fe t n é f a s t e . 

P r o b l è m e s c u t a n é s c h e z les a m p u t e s d u M e m b r e 

in fér i eur 

S . W i l l i a m L e v y 

Pros. Orth. Int. 4 :1 ,37-44 

R é s u m é 

C e t r a v a i l c o n c e r n e les p r o b l è m e s f r é q u e n t s 

q u ' o n t l e s p o r t e u r s d e p r o t h è s e a m p u t é s e n -

d e s s u s o u e n - d e s s o u s d u g e n o u . Il d é c r i t l es s o i n s 

p o s s i b l e s a u m o i g n o n e t p r é s e n t e u n e 

c l a s s i f i ca t i on d e s d i f f é r e n t e s m a l a d i e s d e la p e a u 

e t l e u r s t r a i t e m e n t s . L a d e r m a t i t e d e c o n t a c t 

l ' e x z é m a , l e s k y s t e s é p i d e r m o i d e s , les i n f e c t i o n s 

b a c t é r i e n n e s e t m y c o t i q u e s , l ' u l c è r e c h r o n i q u e 

e t l ' h y p e r p l a s i e v e r r u q u e u s e s o n t d i s c u t é e s . 

U n m o y e n auxi l l ia ire s i m p l e et très uti le p o u r la 

c o n d u i t e d ' u n véh icu le p a r u n a m p u t e d u 

m e m b r e s u p é r i e u r 

T . E . S e n s k y 

Pros. Orth. Int. 4 :1 ,47^‡9 

R é s u m é 

D e s c r i p t i o n d ' u n m o y e n aux i l l i a i r e s i m p l e p o u r 

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

d u v o l a n t . I l c o n s i s t e e n u n c r o c h e t d e 

p r é h e n s i o n s i m p l e , s û r e t b o n m a r c h é e t 

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

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

s p h é r i q u e . O n p e u t fixer u n a u t r e m o y e n 

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

a i n s i a u p a t i e n t d e c o n d u i r e u n v é h i c u l e â 

c h a n g e m e n t d e v i t e s s e m a n u e l . 

L i g n e s d irec tr ices c o n c e r n a n t les prothèses 

tabulaires 

A . S t a r o s 

Pros. Orth. Int. 4 : 1 , 4 5 - 4 6 

R é s u m é 

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

d i r e c t r i c e s e t d e s e x i g e n c e s c o n c e r n a n t les 

p r o t h è s e tabulaires q u i s o n t a d m i s e s p a r le 

s e r v i c e A m é r i c a i n d ' a s s i s t a n c e a u x v i c t i m e s d e 

g u e r r e . 

T r a i t e m e n t à la c h a m b r e c l imat ique 

I . M . T r o u p 

Pros. Orth. Int. 4 : 1 , 1 5 - 2 8 

R é s u m é 

L e t r a v a i l p r é s e n t e u n e n o u v e l l e m é t h o d e p a r 

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

l ' e n v i r o n n e m e n t d ' u n m e m b r e o p é r é s o n t 

a m é l i o r é e s . C e t t e m é t h o d e a é t é t e s t é e e n 

c h i r u r g i e d e s a m p u t a t i o n s e t d a n s d ' a u t r e s c a s 

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

c e n t r e s e n G r a n d e - B r e t a g n e e t a u x E t a t s - U n i s . 

L ' é t u d e n e s u i t p a s d e s c h é m a p r é c i s m a i s s e b a s e 

s u r l e s o b s e r v a t i o n s e t d é c o u r s c l i n i q u e s . L e s 

a u t e u r s v o u l a i e n t a v a n t t o u t sa is i r u n c h a m p le 

p l u s v a s t e p o s s i b l e d ' i n d i c a t i o n s d e t r a i t e m e n t à 

l a c h a m b r e c l i m a t i q u e . 
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L a s t a t i s t i q u e c o m p r e n d 100 p a t i e n t s a v e c 128 

t r a i t e m e n t s d ' u n c h a m p d ' i n d i c a t i o n le p l u s v a s t e 

p o s s i b l e . Il a é t é n o t é la p r é s e n c e o u l ' a b s c e n c e 

d e : o e d è m e , i n f e c t i o n , i s c h é m i e , d o u l e u r s e t 

d ' a u t r e s p o i n t s i m p o r t a n t s . Il e n e s t r é s u l t é 

q u e l q u e s c o n c l u s i o n s a c c e p t é e s p a r les 

i n t é r e s s é s . 

P o u r c e r t a i n s c a s p r é c i s cho i s i s a v e c s o i n s , le 

t r a i t e m e n t â la c h a m b r e c l i m a t i q u e p r é s e n t e d e s 

a v a n t a g e s . C e p e n d a n t , d ' a u t r e s c r i t è r e s 

o b j e c t i f s , e n p a r t i c u l i e r c o n c e r n a n t l ' é t a t 

c i r c u l a t o i r e , s o n t n é c e s s a i r e s a v a n t d e 

r e c o m m a n d e r l ' i n t r o d u c t i o n g é n é r a l i s é e d e la 

m é t h o d e . 

Italiano 

I M e t h o d i p e r l ' Ig iene persona le A u t o n o m a per 

gl i A m p u t a t i Bi lateral! di A r t o super iore ad a l to 

l ive l lo 
L . F r i e d m a n n 

Pros. Orth. Int. 4:1,29-36 

R i a s s u n t o 

U n o d e i p r o b l e m i p i ü i m p o r t a n t i p e r il p a z i e n t e 

a l q u a l e m a π c a n o t u t t i e d u e gli a r t i s u p e r i o r i e 
l ' i m p o s s i b i l i t á d i s v o l g e r e le a t t i v i t â d i i g i e n e 

p e r s o n a l e . L a d i p e n d e n z a di q u e s t a s fe ra di 

a t t i v i t â n o n c o n s e n t e n é d i a n d a r e a s c u o l a n é di 

l a v o r a r e . Q u e s t a r e l a z i o n e p r e n d e in e s a m e i t ip i 

d i a r t i co l i d i a b b i g l i a m e n t o d i spon ib i l i e gli 

a d a t t a m e n t i p e r f a c i l i t a r e l o sves t i r s i e il ves t i r s i e 

i d i s p o s i t i v i p e r la p u l i z i a d e i g e n i t a l i e la c u r a 

m e s t r u a l e . 

I d i s p o s i t i v i v e n g o n o e s a m i n a t i p e r la l o r o 

a d e j u a t e z z a ai d ive r s i t ip i e livelli d i 

a m p u t a z i o n n e e i l o r o s c o p . L ' a u t o n o m i a 

richiede u n a m o t i v a z i o n e i n t e n s a d e p a r t e d e l 

p a z i e n t e e l ' e l i m i n a z i o n e di e cce s s ive p r o t e z i o n e 

d e p a r t e d e i f ami l i a r i . 

D i s t u r b i cutane i negl i a m p u t a t i di A r t o Inferiore 

S . W i l l i a m L e v y 

Pros. Orth. Int. 4:1,37-44 

R i a s s u n t o 

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

p e l l e , a s s o c i a t i a l l ' u s o d e l l e p r o t e s i c h e 

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

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

d e i m e t o d i p e r e f f e t t u a r e l ' i g i ene d e l m o n c o n e , si 

c l a s s i f i c a n o i d i s t u r b i c u t a n e i p r o p r i deg l i 

a m p u t a t i d i a r t o i n f e r i o r e e si riassumono i 

m e t o d i m i g l i o r a t i v i d i c u r a . I d i s t u r b i p r e s i in 

e s a m e c o m p r e n d o n o : d e r m a t i t i a c o n t a t t o , 

e c z e m a , c i s t i e p i d e r m o i d i i n f ez ion i d a b a t t e r i e 

f u n g h i , u l c e r e c r o n i c h e e i p e r p l a s i a v e r r u c o s a . 

U n C o n g e g n o sempl i ce e Vessat i le per la G u i d a 

a l l ' u s o degl i A m p u t a t i di A r t o Super iore 

T . E . S e n s k y 

Pros. Orth. Int. 4:1,47-49 

R i a s s u n t o 

Sir d e s c r i v e u n c o n g e g n o s e m p l i c e , a g a n c i o p e r 

l a g u i d a , a d a t t o agl i a m p u t a t i d i a r t o s u p e r i o r e , 

n o n c h è la s u a f u n z i o n e in c o n f r o n t o di q u e l l o a 

g i u n t o a s f e r a , c o m u n e m e n t e d i s p o n i b i l e . II 

g a n c i o è f u n z i o n a l e s i c u r o e e c o n o m i c o . Si 

d e s c r i v e a n c h e u n a c c e s s o r i o c h e p u ö e s s e r e 

a d a t t a t o a i l e l evé d e l c a m b i o , p e r m e t t e n d o c h e il 

c o n g e g n o v e n g a u t i l i z z a t o p e r il c a m b i o m a n u a l e 

d e l l e m a r c e . 

Gli S t a n d a r d p e r le Protes i M o d u l a r i 

A . S t a r o s 

Pros. Orth. Int. 4:1,45^‡6 

R i a s s u n t o 

Q u e s t a r e l a z i o n e e v i d e n z i a la p o s i z i o n e 

d e l l ' A m m i n i s t r a z i o n e d e i V e t e r a n i deg l i S ta t i 

U n i t i n e i c o n f r o n t i d e i t ip i e d e l l e n o r m e p e r le 

p r o t e s i m o d u l a r i . 

II T r a t t a m e n t o A m b i e n t a l e Contro l la to ( C E T ) 

I. M . T r o u p 

Pros. Orth. Int. 4 : 1 , 1 5 - 2 8 

R i a s s u n t o 

Si e s p o n e l ' u t i l i z z a z i o n e d i u n n u o v o m e t o d o p e r 

m i g l i o r a r e gli a s p e t t i d e l l ' a m b i e n t e c h e c i r c o n d a 

le e s t r e m i t á . C i ö s e g u e l ' u s o d e l C E T n e l l a 

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

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

d i v e r s i C e n t r i n e l R e g n o U n i t o e neg l i S t a t i 

U n i t i . 

I l p r o t o c o l l o n o n t e n t a v a d i s t a b i ü r e qua l s i a s i 

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

s u l l ' o s s e r v a z i o n e e s u ü ' i m p r e s s i o n e c l in ica . In 

a l t r e p a r o l e è u n a e s t e n s i o n e d e l l ' u s o d e l C E T in 

u n t e n t a t i v o d i o t t e n e r e u n a p i ü a m p i a 

e s p e r i e n z a s u a a p p l i c a z i o n e . 

Cento casi interessando 128 cure sono elencati 
p e r u n ' a m p i a v a r i e t ä di p r e s e n t a z i o n i c l i n i c h e . E ' 
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s t a t a r e g i s t r a t a l a p r e s e n z a p l ' a s s e n z a 
d e l l ' e d e m a , d e l l ' i n f e z i o n e , d e l l ' i s c h e m i a e d e l 
d o l o r e f ra a l t r i d a t i p e r t i n e n t i . C e r t e c o n c l u s i o n i 
risultavano poss ib i l i e l ' a c c e t t a z i o n e d e l s i s t e m a 
d a p a r t e d e l p e r s o n a l e é s t a t a o t t e n t u a . 

L ' e v i d e n z a s u g g e r i s c e c h e l ' u t i l i z z a z i o n e d e l 
C E T s ia g ius t i f i ca ta in c e r t e c o n d i z i o n i c l in i che 
a c c u r a t a m e n t e s e l e z i o n a l e . I n o l t r e , s e m b r a 
n e c e s s a r i o i m p o s t a r e d e l l e v a l u t a z i o n i 
s c i e n t i f i c h e d e l s i s t e m a s p e c i a l m e n t e n e l 
l a b o r a t o r i v a s c o l a r i d o v e m o l t e p r o c e d u r e 
i n v e s t i g a t i v e p e r t i n e n t i v e n g o n o e s e g u i t e c o m e 
p r a s s i n o r m a l e . 

M e d i z m i s c h - O r t b o p á d i s c h e - T e c h n i k , 3 / 8 0 
A . W . G e n t n e r p u b l i s h e r s , S t u t t g a r t 

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

C o n t e n t s 
I m h ä u s e r , G . : C l u b f o o t o r t h o t i c s . 
B a u m a n n , J . U . : T h e p e s p l a n o - v a l g u s . 
T i l l m a n n , K . : T h e g e n e s i s o f r h e u m a t i c f o o t 

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

K r i s t e n , H . : T h e p r e s c r i p t i o n o f i n s o l e s 
d e p e n d i n g o n t h e f o r m of t h e 
f o o t . 

M a r q u a r d t , W . : I n d i c a t i o n s fo r o r t h o p a e d i c 
s h o e s . 

W o l f , D . : I s t h e r e sti l l a n e e d for f o o t 
g y m n a s t i c s ? 

G r o s c h , G . : T h e r o l e o f t h e h u m a n f o o t in 
s t a n d i n g . 

H e u s e , D . a n d T h e i n s i d e s h o e , i ts i n d i c a t i o n 
S t u m p f J . : a n d t e c h n o l o g y . 

P s c h i r r e r , M . : A n e w t e c h n i q u e for n e g a t i v e 
f o o t m o u l d s . 
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Congres 
S A T U R D A Y 

S E P T E M B E R 27 
S U N D A Y 

SEPTEMBER 28 
M O N D A Y 

SEPTEMBER 29 
T U E S D A Y 

SEPTEMBER 30 

07.30-17.00 
REGISTRATION 

08.00-16.00 
REGISTRATION 

08 00-16.00 
REGISTRATION 

08.00-16.00 
REGISTRATION 

09.00-18.00 
EXHIBITS OPEN 

09.00-18.00 
EXHIBITS OPEN 

MORNING MORNING MORNING MORNING 

08.00-12.00 
Course BK 

Below-Kπee & Syme 
Prosthetics 

Course ULO 
Upper-Limb Orthotics 

Course SE 
Seating for the Severely 

Disabled 

Course CH 
Management of Congenital 

Limb Deformities 

VISIT 
THE 

EXHIBITS 

Open 09.00-18.00 
Monday through Friday 

08.00-10.00 
Course SU 

Amputation Surgery 

08.0(M2 00 
Course BK 

Below-Knee & Syme 
Prosthetics 

Course ST 
Management of Stroke 

Patients 

Course FB 
Fracture Bracing 

Course ULO 
Upper-Limb Orthotics 

Course SE 
Seating for the Severely 

Disabled 

10 00-12.00 
Course CH 

Management of Congenital 
Limb Deformities 

08 00-10.00 
Film & Video Tape 

Programme 

08.00-10.00 
Course AK 

Above-Knee & Knee 
Disarticulation Prosthetics 

Course SU 
Amputation Surgery 

Course GA 
Gait Analysis Techniques 

Course LLO 
Lower-Limb Orthotics 

Course ULP 
Upper-Limb Prosthetics 

Course FB 
Fracture Bracing 

10.30-12.30 
Plenary Session 

Amputations 

08.00-10.00 
Film & Video Tape 

Programme 

08.00-10.00 
Course AK 

Above-Knee & Knee 
Disarticulation Prosthetics 

Course SU 
Aπfputation Surgery 

Course GA 
Gait Analysis Techniques 

Course LLO 
Lower-Limb Orthotics 

10.30-12.30 
Plenary Session 
Spinal Problems 

08.00-12.00 
Course BK 

Below-Kπee & Syme 
Prosthetics 

Course ULO 
Upper-Limb Orthotics 

Course SE 
Seating for the Severely 

Disabled 

Course CH 
Management of Congenital 

Limb Deformities 

VISIT 
THE 

EXHIBITS 

Open 09.00-18.00 
Monday through Friday 

AFTERNOON AFTERNOON AFTERNOON 

08.00-12.00 
Course BK 

Below-Kπee & Syme 
Prosthetics 

Course ULO 
Upper-Limb Orthotics 

Course SE 
Seating for the Severely 

Disabled 

Course CH 
Management of Congenital 

Limb Deformities 

VISIT 
THE 

EXHIBITS 

Open 09.00-18.00 
Monday through Friday 

15.00-16.00 
Opening Ceremony 

16.00 
Opening of 
Exhibition 

Exhibition open till 18.00 

14 00-17.00 
Discussion Panel and 

Open Papers 

Film & Video Tape 
Programme 

Symposium S 1 
Management of Low Back 

Pain 
Symposium S-2 

Hip and Knee Orthoses 

Symposium S-3 
Point of view of the 

Disabled 

14.00-17.00 
Discussion Panel and 

Open Papers 

Film & Video Tape 
Programme 

Symposium S-4 
Conventional vs Plastic 

Orthoses 
Symposium S-5 

Stump Management & 
Classification 

Symposium S-6 
Orthotics in Cerebral 

Palsy 

08.00-12.00 
Course BK 

Below-Kπee & Syme 
Prosthetics 

Course ULO 
Upper-Limb Orthotics 

Course SE 
Seating for the Severely 

Disabled 

Course CH 
Management of Congenital 

Limb Deformities 

VISIT 
THE 

EXHIBITS 

Open 09.00-18.00 
Monday through Friday 

EVENING 

08.00-12.00 
Course BK 

Below-Kπee & Syme 
Prosthetics 

Course ULO 
Upper-Limb Orthotics 

Course SE 
Seating for the Severely 

Disabled 

Course CH 
Management of Congenital 

Limb Deformities 

VISIT 
THE 

EXHIBITS 

Open 09.00-18.00 
Monday through Friday 

20.00 
Welcoming Reception 
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Programme 
W E D N E S D A Y 

O C T O B E R 1 
T H U R S D A Y 
O C T O B E R 2 

F R I D A Y 
O C T O B E R 3 

S A T U R D A Y 
O C T O B E R 4 

08.00-16.00 
REGISTRATION 

08.00-16.00 
REGISTRATION 

08.00-16.00 
REGISTRATION 

09.00-18.00 
EXHIBITS OPEN 

09.00-18.00 
EXHIBITS OPEN 

09.00-18.00 
EXHIBITS OPEN 

MORNING MORNING MORNING MORNING 

08 00-10.00 
Film & Video Tape 

Programme 

08.00-10.00 
Course AK 

Above-Knee & Knee 
Disarticulation Prosthetics 

Course LLO 
Lower-Limb Orthotics 

Course ULP 
Upper-Limb Prosthetics 

Course SC 
Orthotic Management 

in Scoliosis 

Course WP 
Wheelchair Prescription 

10.30-12.30 
Plenary Session 

Congenital Limb 
Deficiencies 

08.00-10.00 
Film & Video Tape 

Programme 

08.00-10.00 
Course AK 

Above-Knee & Knee 
Disarticulation Prosthetics 

Course LLO 
Lower-Limb Orthotics 

Course ULP 
Upper-Limb Prosthetics 

Course SC 
Orthotic Management 

in Scoliosis 

Course WP 
Wheelchair Prescription 

10.30-12.30 
Plenary Session 

Lower Limb 
Disorders 

08.00-10.00 
Film & Video Tape 

Programme 

08.00-10.00 
Course HD 

Hip-Disarticulation 
Prosthetics 
Course GT 

Gait Training 

Course ULP 
Upper-Limb Prosthetics 

Course SC 
Orthotic Management 

in Scoliosis 

Course WP 
Wheelchair Prescription 

10.30-12.30 
Plenary Session 

Orthopaedic Problems-Foot 

08.30-11.45 
Plenary Session 

Prosthetics and Orthotics in 
the Developing Countries 

Promise of Rehabilitation 
Engineering 

11.45-12.30 
Closing Ceremony 

AFTERNOON AFTERNOON AFTERNOON 

08.30-11.45 
Plenary Session 

Prosthetics and Orthotics in 
the Developing Countries 

Promise of Rehabilitation 
Engineering 

11.45-12.30 
Closing Ceremony 

14.00-17.00 
Discussion Panel and 

Open Papers 

Film & Video Tape 
Programme 

Symposium S-7 
Above Knee Fitting 

& Alignment 
Symposium S-β 

Prostheses for Amputation 
Through the Foot 
Symposium S-9 

Prosthetics/Orthotics Ed. 

14.00-17.00 
Discussion Panel and 

Open Papers 

Film & Video Tape 
Programme 

Symposium S-10 
Prosthetics & Orthotics 
in Developing Countries 

Symposium S-l 1 
Evaluation, Philosophy 

and Practices 

08.30-11.45 
Plenary Session 

Prosthetics and Orthotics in 
the Developing Countries 

Promise of Rehabilitation 
Engineering 

11.45-12.30 
Closing Ceremony 

EVENING 

20.00 
Congress Dinner 

08.30-11.45 
Plenary Session 

Prosthetics and Orthotics in 
the Developing Countries 

Promise of Rehabilitation 
Engineering 

11.45-12.30 
Closing Ceremony 
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Pre-Congress Instructional Courses 
September 25-September 27,1980. 

C o d e Subject Total Thursday Friday Saturday 
Hours September 25 September 26 September 27 

OS Construction Techniques for Orthopaedic Shoes 
Location: Officine Ortopediche dell'Istituto 

Ortopedico Rizzoli, Bologna 

16 9.00-18.00 9.00-18.00 

Construction Techniques for Myoelectric and 
M Y Electronic Prostheses for Amputations and 

Congenital Deformities 
Location: Centra Protesi I .N .A.I .L . , Budrio (Bo.) 

24 9.0O,18.00 9.00-18.00 9.00-18.00 

Code Subject & Organizer 

Congress Instructional Courses 
September 27-October 3,1980 

Total Sat. Sun. Mon. Tues. Wed. Thürs. Fri. 
Hours Sept. 27Sept. 28Sept. 29Sept. 30 Oct. 1 Oct. 2 Oct. 3 

8 8-12 8-12 
BK Below-Knee & Syme Prosthetics 

J. Hughes (Scotland) 

A K Above-Knee & Knee Disarticulation 
Prosthetics E . Lyquist (Denmark) 8 

H D Hip-Disarticulation Prosthetics 
G. Holmgren (Sweden) 2 

S U Amputation Surgery (*Monday and 
Tuesday only) B. Persson (Sweden) 6 

G A Gait Analysis Techniques 
S. Simon ( U . S . A . ) 4 

G T Gait Training 
J. Van Rol leghem (Belgium) 2 

C H Management of Congenital Limb 
Deformities L. Kruger ( U . S . A . ) 

ST Management of Stroke Patients 
R. Waters ( U . S . A . ) 

L L O Lower-Limb Orthotics 
D . Condie (Scotland) 

FB Fracture Bracing 
V . M o o n e y ( U . S . A . ) 

SC Orthotic Management of Scoliosis 
A . Bähler (Switzerland) 

U L O Upper-Limb Orthotics 
J. Edelstein ( U . S . A . ) 

SE Seating for the Severely Disabled* 
N . Ring (England) 

W P Wheelchair Prescription* 
L. Simon (Germ. Fed. Rep . ) 6 

U L P Upper-Limb Prosthetics 
D.Chi ldress ( U . S . A . ) 8 

8-10 8-10 8-10 8-10 

8-10 

8-10 8-10 8-10 

8-10 8-10 

8-10 

8-10 8-10 8-10 

8-10 8-10 8-10 8-10 

6 8-12 10-12 

4 8-12 

8 8-10 8-10 8-10 8-10 

6 8-12 8-10 

6 8-10 8-10 8-10 

8 8-12 8-12 

8 8-12 8-12 

•English only, at present. 
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Calendar of events 
Nat iona l C e n t r e for T r a i n i n g a n d Educa t ion in Prosthet ics a n d Orthot ics 

Shor t T e r m C o u r s e s 1 9 8 0 - 1 9 8 1 
C o u r s e s for Phys ic ians a n d Surgeons 

N C 103 I n t r o d u c t o r y B i o m e c h a n i c s , P r o s t h e t i c s a n d O r t h o t i c s ; 3 - 7 N o v e m b e r , 1980 . 
N C 101 L o w e r L i m b P r o s t h e t i c s , 8 - 1 2 D e c e m b e r , 1980. 
N C 102 L o w e r L i m b O r t h o t i c s , 9 - 1 3 F e b r u a r y , 1 9 8 1 . 

C o u r s e s for Prosthet is ts 

N C 2 0 4 A P a t e l l a r - T e n d o n - B e a r i n g P r o s t h e t i c s ; 1 3 - 2 4 O c t o b e r , 1980. 
N C 2 0 5 A A b o v e - K n e e P r o s t h e t i c s ; 1 0 - 2 1 N o v e m b e r , 1980. 
N C 2 0 4 B P a t e l l a r - T e n d o n - B e a r i n g P r o s t h e t i c s ; 1 2 - 2 3 J a n u a r y , 1 9 8 1 . 
N C 2 0 5 B A b o v e - K n e e P r o s t h e t i c s ; 1 6 - 2 7 F e b r u a r y , 1 9 8 1 . 
N C 2 0 9 B e l o w - K n e e M o d u l a r P r o s t h e t i c s ; 1 6 - 2 0 M a r c h , 1 9 8 1 . 
N C 2 1 0 A b o v e - K n e e M o d u l a r P r o s t h e t i c s ; 2 3 - 2 7 M a r c h , 1 9 8 1 . 

C o u r s e s for Orthot is ts 

N C 2 0 3 K n e e - A n k l e - F o o t a n d H i p - K n e e - A n k l e - F o o t O r t h o t i c s ; 24 N o v e m b e r - 5 D e c e m b e r , 1980 . 
N C 2 0 6 U p p e r L i m b O r t h o t i c s ; 2 6 - 3 0 J a n u a r y , 1 9 8 1 . 
N C 2 0 8 S p i n a l O r t h o t i c s ; 2 - 1 3 M a r c h , 1 9 8 1 . 

C o u r s e s for Occupat iona l a n d Phys iotherapis ts 

N C 3 0 1 L o w e r L i m b O r t h o t i c s ; 1 5 - 1 9 D e c e m b e r , 1980. 
N C 3 0 2 L o w e r L i m b P r o s t h e t i c s ; 2 - 6 F e b r u a r y , 1 9 8 1 . 

C o u r s e s for Prosthet ic a n d Orthot ic Technic ians 
E q u i r i e s s h o u l d b e m a d e t o t h e C e n t r e 

F u r t h e r i n f o r m a t i o n m a y b e o b t a i n e d by c o n t a c t i n g Prof . J . H u g h e s , D i r e c t o r , N a t i o n a l C e n t r e fo r 
T r a i n i n g a n d E d u c a t i o n in P r o s t h e t i c s a n d O r t h o t i c s , U n i v e r s i t y of S t r a t h c l y d e , 7 3 R o t t e n r o w E a s t , 
G l a s g o w G 4 0 N G , S c o t l a n d T e l . 0 4 1 - 5 5 2 4 4 0 0 , e x t e n s i o n 3 2 9 8 . 

N e w Y o r k Univers i ty Medica l School 
Shor t T e r m C o u r s e s 1 9 8 0 - 1 9 8 1 

C o u r s e s for Phys ic ians a n d Surgeons 

7 4 1 A L o w e r L i m b P r o s t h e t i c s , 6 - 1 0 O c t o b e r , 1980. 
7 5 1 A L o w e r L i m b a n d S p i n a l O r t h o t i c s , 2 7 O c t o b e r - 1 N o v e m b e r , 1980. 
7 4 4 A U p p e r L i m b P r o s t h e t i c s a n d O r t h o t i c s , 1-5 D e c e m b e r , 1980. 
7 4 1 B L o w e r L i m b P r o s t h e t i c s , 1 5 - 1 9 D e c e m b e r , 1980. 
7 4 1 C L o w e r L i m b P r o s t h e t i c s , 1 6 - 2 0 M a r c h , 1 9 8 1 . 
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7 5 1 B L o w e r L i m b a n d S p i n a l O r t h o t i c s , 2 3 - 2 8 M a r c h , 1 9 8 1 . 
7 4 1 D L o w e r L i m b P r o s t h e t i c s 2 0 - 2 4 A p r i l , 1 9 8 1 . 
7 5 1 C L o w e r L i m b a n d S p i n a l O r t h o t i c s , 2 7 A p r i l - 2 M a y , 1 9 8 1 . 
7 4 4 B U p p e r L i m b P r o s t h e t i c s a n d O r t h o t i c s 1 5 - 1 9 J u n e , 1 9 8 1 . 

C o u r s e s for Therapis t s 

7 5 2 A L o w e r L i m b a n d S p i n a l O r t h o t i c s , 2 7 O c t o b e r - 1 N o v e m b e r , 1980. 
7 4 2 A L o w e r L i m b P r o s t h e t i c s , - 3 - 1 4 N o v e m b e r , 1980 . 
7 4 2 B L o w e r L i m b P r o s t h e t i c s , 2 - 1 3 M a r c h , 1 9 8 1 . 
7 5 2 B L o w e r L i m b a n d S p i n a l O r t h o t i c s , 2 3 - 2 8 M a r c h , 1 9 8 1 . 
7 4 2 C L o w e r L i m b P r o s t h e t i c s , 6 - 1 7 A p r i l , 1 9 8 1 . 
7 5 2 C L o w e r L i m b a n d S p i n a l O r t h o t i c s , 2 7 A p r i l - 2 M a y , 1 9 8 1 . 
7 5 7 U p p e r L i m b O r t h o t i c s , 1-5 J u n e , 1 9 8 1 . 
7 4 5 U p p e r L i m b P r o s t h e t i c s , 8 - 1 2 J u n e , 1 9 8 1 . 

C o u r s e s for Orthot i s t s 

7 5 6 S p i n a l O r t h o t i c s , 5 - 1 6 J a n u a r y , 1 9 8 1 . 
7 5 3 L o w e r L i m b O r t h o t i c s , 15 J u n e - 3 J u l y , 1 9 8 1 . 

C o u r s e s for ProsthetLsts 

7 4 3 A b o v e - K n e e P r o s t h e t i c s , 2 6 M a y - 1 2 J u n e , 1 9 8 1 . 

C o u r s e s for Rehabi l i ta t ion Counse l lors 

7 5 0 A P r o s t h e t i c s a n d O r t h o t i c s , 1 3 - 1 7 O c t o b e r , 1980. 
7 5 0 B P r o s t h e t i c s a n d O r t h o t i c s , 2 2 - 2 6 J u n e , 1 9 8 1 . 
R e q u e s t s f o r f u r t h e r i n f o r m a t i o n s h o u l d b e a d d r e s s e d t o M s . S a n d y K e r n , R e g i s t r a r , P r o s t h e t i c s a n d 
O r t h o t i c s , N e w Y o r k U n i v e r s i t y P o s t - G r a d u a t e M e d i c a l S c h o o l , 317 E a s t 3 4 t h S t r e e t , N e w Y o r k , 
N . Y . 1 0 0 1 6 . 

Oxford Study D a y s 1980 

2 2 - 2 3 O c t o b e r , 1980 
J o i n t R e p l a c e m e n t a n d M e d i c a l M a n a g e m e n t in R h e u m a t o i d A r t h r i t i s . 

3 - 4 N o v e m b e r 
R e h a b i l i t a t i o n a f t e r S t r o k e . 

1 9 - 2 0 N o v e m b e r 
P r i n c i p l e s o f R e s e a r c h fo r t h e R e m e d i a l P r o f e s s i o n s . 
I n f o r m a t i o n : S e c r e t a r y , D e m o n s t r a t i o n C e n t r e , M a r y M a l b o r o u g h L o d g e , Nuff ie ld O r t h o p a e d i c 
C e n t r e , H e a d i n g t o n , O x f o r d . 
C l o s i n g d a t e fo r a p p l i c a t i o n s : t w o m o n t h s b e f o r e t h e d a t e o f e a c h c o u r s e . 



Calendar of events 119 

M i d - S e p t e m b e r , 1980 
A m e r i c a n O r t h o t i c a n d P r o s t h e t i c A s s o c i a t i o n M e e t i n g , N e w O r l e a n s , U . S . A . 
I n f o r m a t i o n : M / s S. I . M c C a m l e y , A m e r i c a n O r t h o t i c a n d P r o s t h e t i c A s s o c i a t i o n , 1444 N . S t r e e t N W , 
W a s h i n g t o n , D C 2 0 0 0 5 , U . S . A . 

2 5 S e p t e m b e r a n d 4 D e c e m b e r 1980 
" C o p i n g w i t h D i s a b i l i t i e s " — a n e l e m e n t a r y c o u r s e for al l t h o s e c o n c e r n e d w i t h r e h a b i l i t a t i o n o f t h e 
d i s a b l e d . 
I n f o r m a t i o n : M r s . S . B r a c c h i , W i t h i n g t o n H o s p i t a l , W e s t D i d s b u r y , M a n c h e s t e r M 2 0 8 L R . T e l . 
0 6 1 ^ 1 4 5 8 1 1 1 e x t . 2 3 8 7 . 

2 7 S e p t e m b e r - 1 O c t o b e r , 1 9 8 0 
3 3 r d A n n u a l C o n f e r e n c e o n E n g i n e e r i n g in M e d i c i n e a n d B i o l o g y , W a s h i n g t o n D C , U . S . A . 
I n f o r m a t i o n : M / s P . I . H o r n e r , A d m i n i s t r a t o r D i r e c t o r , A l l i a n c e for E n g i n e e r i n g in M e d i c i n e a n d 
B i o l o g y , 4 4 0 5 E a s t - W e s t H i g h w a y , S u i t e 4 0 4 , B e t h e s d a , M a r y l a n d 2 0 0 1 4 , U . S . A . 

2 8 S e p t e m b e r - 4 O c t o b e r , 1980 
I S P O 3 r d W o r l d C o n g r e s s , B o l o g n a , I t a l y . 
I n f o r m a t i o n : S t u d i o B . C . , v ia U g o B a s s i 1 0 , 4 0 1 2 3 B o l o g n a , I t a ly . 

1 - 4 O c t o b e r , 1 9 8 0 
E u r o p e a n R e g i o n a l S e m i n a r o n " T h e Y e a r s A h e a d in P h y s i c a l T h e r a p y " , G e n e v a , S w i t z e r l a n d . 
I n f o r m a t i o n : W o r l d C o n f e d e r a t i o n for P h y s i c a l T h e r a p y , 16 /19 E a s t C a s t l e S t r e e t , L o n d o n W I N 7 P A , 
E n g l a n d . 

17 O c t o b e r , 1980 
B . E . S . Sc ien t i f i c M e e t i n g a n d A . G . M . 

I n f o r m a t i o n : K . C o p e l a n d , R o y a l C o l l e g e o f S u r g e o n s , L i n c o l n s I n n F i e l d s , L o n d o n W . C . 2 . 

N o v e m b e r , 1980 

2 n d W e s t A f r i c a R e g i o n a l S e m i n a r t o c r e a t e a r e g i o n a l a s s o c i a t i o n of v o c a t i o n a l r e h a b i l i t a t i o n c e n t r e s , 
W e s t A f r i c a . 
I n f o r m a t i o n : I n t e r n a t i o n a l C o u n c i l o f G o o d w i l l I n d u s t r i e s , 9 2 0 0 W i s c o n s i n A v e . , W a s h i n g t o n , D . C . 
2 0 0 1 4 . U . S . A . 

1 6 - 2 1 N o v e m b e r , 1 9 8 0 
F i r s t I n t e r n a t i o n a l C o n v e n t i o n o n M e d i c o - L e g a l A s p e c t s o f D i s a b i l i t y , T e l A v i v , I s r a e l . 
I n f o r m a t i o n : C o n v e n t i o n S e c r e t a r i a t , P . O . B o x 3 0 5 9 , T e l A v i v , I s r a e l . 

2 1 - 2 3 N o v e m b e r , 1 9 8 0 
F u n d a m e n t a l s o f G a i t , O r t h o t i c s a n d P r o s t h e t i c s , T h e R o b e r t J o n e s a n d A g n e s H u n t O r t h o p a e d i c 
H o s p i t a l , O s w e s t r y , S a l o p . 
I n f o r m a t i o n : M r . G . K . R o s e , F . R . C . S . , O r t h o t i c R e s e a r c h a n d L o c o m o t o r A s s e s s m e n t U n i t , T h e 
R o b e r t J o n e s a n d A g n e s H u n t O r t h o p a e d i c H o s p i t a l , O s w e s t r y , S a l o p , S Y 1 0 7 A G , U . K . 

1 6 - 1 8 F e b r u a r y , 1981 
1 0 t h A n n u a l C o n g r e s s o f t h e S o c i e t y fo r R e h a b i l i t a t i o n in t h e G e r m a n D e m o c r a t i c R e p u b l i c , w i t h 
i n t e r n a t i o n a l p a r t i c i p a t i o n . 
I n f o r m a t i o n : S o c i e t y f o r R e h a b i l i t a t i o n i n t h e G e r m a n D e m o c r a t i c R e p u b l i c , H a r z 4 2 - 4 4 , 4 0 2 H a l l e 
( S a a l e ) , G e r m a n D e m o c r a t i c R e p u b l i c . 
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6 - 1 0 A p r i l , 1981 
3 r d E u r o p e a n R e g i o n a l C o n f e r e n c e of R e h a b i l i t a t i o n I n t e r n a t i o n a l " T h e H a n d i c a p p e d P e r s o n in 
S o c i e t y " V i e n n a . 

I n f o r m a t i o n : E v a M . S c h a u p , S e c r e t a r i a t , H o f b u r g - H e l d e n p l a t z . P o s t f a c h 105 A - 1 0 1 4 W i e n . 

1 1 - 1 3 J u n e , 1981 

5 t h N o r d i c M e e t i n g o n M e d i c a l a n d B i o l o g i c a l E n g i n e e r i n g , L i n k o p i n g , S w e d e n . 
I n f o r m a t i o n : P ro f . A k e O b e r g , D e p t . of B i o m e d i c a l E n g i n e e r i n g , R e g i o n a l H o s p i t a l , S - 5 8 1 8 5 
L i n k o p i n g , S w e d e n . 
1 8 - 2 4 J u n e , 1981 
I n t e r n a t i o n a l T e c h n i c a l A i d s E x h i b i t i o n a n d F o r u m , D ü s s e l d o r f , F e d e r a l R e p u b l i c of G e r m a n y . 
I n f o r m a t i o n : D e u t s c h e V e r e i n i g u n g fur d i e R e h a b i l i t a t i o n B e h i n d e r t e r , 6 9 0 0 H e i d e l b e r g 1, F r i e d r i c h -
E b e r t - A n l a g e 9 , F e d e r a l R e p u b l i c of G e r m a n y . 

1 — 3 J u l y , 1981 
C o n f e r e n c e o n D e s i g n in M e d i c i n e . A t h r e e d a y scient i f ic m e e t i n g o r g a n i s e d b y t h e I n s t i t u t i o n of 
E n g i n e e r i n g D e s i g n t o b e h e l d a t t h e U n i v e r s i t y o f S t r a t h c l y d e , G l a s g o w , S c o t l a n d . 
I n f o r m a t i o n : M r . R . D . C u l l u m , P u b l i c a t i o n S e r v i c e s , 3 3 F o x l e y L a n e , H i g h S a l v i n g t o n , W o r t h i n g , 
W e s t S u s s e x B N 1 3 3 A D , U . K . 

A u g u s t , 1981 
5 t h I n t e r n a t i o n a l C o n f e r e n c e o n E l e c t r i c a l B i o - I m p e d a n c e , T o k y o , J a p a n . 
I n f o r m a t i o n : P ro f . K . N a k a y a m a , D e p t . of E l e c t r i c a l E n g i n e e r i n g , S o p h i a U n i v e r s i t y , K i o i - c h o 7 , 
C h i y o d a - k u , T o k y o 102 , J a p a n . 

9 - 1 1 S e p t e m b e r , 1981 
1st A n n u a l A d v a n c e d C o u r s e in L o w e r L i m b P r o s t h e t i c s , N e w Y o r k . 
I n f o r m a t i o n : D r . L . W . F r i e d m a n n , C h a i r m a n , D e p a r t m e n t of Phys i ca l M e d i c i n e a n d R e h a b i l i t a t i o n , 
N a s s a u C o u n t y M e d i c a l C e n t r e , 2 2 0 1 H e m p s t e a d T u r n p i k e , E a s t M e a d o w , N e w Y o r k 11554 , U . S . A . 

1 5 - 2 0 N o v e m b e r , 1981 
I n t e r n a t i o n a l S y m p o s i u m o n D e s i g n for t h e D i s a b l e d , in c o - o p e r a t i o n w i t h I s r a e l D e s i g n C e n t r e a n d 
I n t e r n a t i o n a l C o u n c i l of I n d u s t r i a l D e s i g n . T e l A v i v , I s r ae l . 
I n f o r m a t i o n : I s r a e l S o c i e t y fo r R e h a b i l i t a t i o n of t h e D i s a b l e d , 10 I b n G v i r o l S t . , T e l A v i v , I s r a e l . 
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Modular Artificial Limbs 
A b o v e - k n e e S y s t e m s 

S e c o n d R e p o r t o n a P r o g r a m m e of C l in i ca l a n d L a b o r a t o r y 

E v a l u a t i o n 

E d i t e d b y S. E . S o l o m o n i d i s 
H M S O P u b l i c a t i o n (1980) 

T h e B i o e n g i n e e r i n g U n i t of t h e U n i v e r s i t y o f S t r a t h c l y d e h a s b e e n c a r r y i n g o u t a p r o g r a m m e of 
c l in i ca l a n d l a b o r a t o r y e v a l u a t i o n o f m o d u l a r art if icial l i m b s . T h e o b j e c t i v e s of t h e p r o j e c t fell i n t o t w o 
c a t e g o r i e s . F i r s t l y , t h e a s s e s s m e n t o f c l in ica l su i tab i l i i ty w h i c h a i m e d t o c o m p a r e t h e p r o s t h e s e s b o t h 
f r o m t h e p a t i e n t s ' p o i n t o f v i e w a n d t h a t of t h e s e r v i c e , a n d s e c o n d l y t o p r o d u c e d e s i g n i n f o r m a t i o n 
r e l a t i n g t o t h e c l in ica l a n d c o n s t r u c t i o n a l r e q u i r e m e n t s o f t h e m o d u l a r a s s e m b l y p r o s t h e s e s . T h e w o r k 
w a s a u t h o r i s e d a n d f u n d e d b y t h e S c o t t i s h H o m e a n d H e a l t h D e p a r t m e n t . 

T h e first s t a g e d e a l t w i t h six b e l o w - k n e e s y s t e m s a n d a r e p o r t w a s p u b l i s h e d in 1975 ( M o d u l a r 
A r t i f i c i a l L i m b s — B e l o w - k n e e S y s t e m s — H M S O I S B N O i l 491182 7 ) . T h e w o r k w a s c o n t i n u e d t o 
a b o v e - k n e e l e v e l a n d a r e p o r t d e s c r i b i n g t h e p h i l o s o p h y a n d m e t h o d o l o g y e m p l o y e d a n d d i s cus s ing t h e 
f i n d i n g s is n o w a v a i l a b l e . 

F o u r s y s t e m s w e r e i n v e s t i g a t e d o n 12 p a t i e n t s : t h e B l a t c h f o r d A b o v e - k n e e M o d u l a r S y s t e m ; t h e 
O t t o B o c k A b o v e - k n e e S y s t e m L e g ; t h e U . S . M a n u f a c t u r i n g C o . U n i v e r s a l M u l t i p l e x A b o v e - k n e e 
M o d u l a r S y s t e m ; a n d t h e H o s m e r / D o r r a n c e M o d u l a r P r o s t h e t i c S y s t e m . E a c h p a t i e n t w a s fitted a n d 
i s s u e d w i t h e a c h o f t h e s y s t e m s t o w e a r c o n t i n u o u s l y fo r a suff ic ient t i m e t o a l low va l id o p i n i o n s t o b e 
f o r m e d . 'ITie f o l o w i n g i n f o r m a t i o n w a s c o l l e c t e d : 

( a ) P h y s i c a l P r o p e r t i e s : m a s s , p o s i t i o n of c e n t r e of g r a v i t y , m a s s m o m e n t of i n e r t i a a n d a l i g n m e n t 
c o n f i g u r a t i o n . 

( b ) T i m e t a k e n for fitting, a s s e m b l y a n d c o n s t r u c t i o n . 
( c ) C r i t i c a l a n a l y s i s o f d e s i g n f e a t u r e s . 
( d ) S u b j e c t i v e a s s e s s m e n t b y t h e p a t i e n t a n d t h e o t h e r m e m b e r s o f t h e cl inic t e a m . 
( e ) L o a d a n a l y s i s : b y m e a n s o f a t r a n s d u c e r , fitted i n t o t h e s h a n k o f t h e p r o s t h e s i s , t h e l o a d a c t i o n s 

d u r i n g a m p u t e e ac t i v i t y w e r e d e t e r m i n e d . 
A l t h o u g h al l f o u r s y s t e m s w e r e f o u n d t o b e c l inical ly u s a b l e , t h e e v a l u a t i o n i n d i c a t e d p r e f e r r e d 

s y s t e m s fo r t h e l i m b fitting s e r v i c e in B r i t a i n . A l l s y s t e m s h a d s e v e r a l d i s a d v a n t a g e s a n d r e q u i r e f u r t h e r 
d e v e l o p m e n t . T h e r e p o r t g ives i n f o r m a t i o n w h i c h s h o u l d b e use fu l for t h e d e s i g n o f n e w g e n e r a t i o n 
m o d u l a r l i m b s a n d h i g h l i g h t s a r e a s for f u r t h e r r e s e a r c h . 

F u r t h e r i n f o r m a t i o n a n d c o p i e s o f t h e e v a l u a t i o n r e p o r t a r e o b t a i n a b l e f r o m M i s s A . S p e a r s , C h i e f 
S c i e n t i s t s O f f i c e , S c o t t i s h H o m e a n d H e a l t h D e p a r t m e n t , 218 S t . A n d r e w s H o u s e , E d i n b u r g h 
E H 1 3 D E ( T e l : 0 3 1 - 5 5 6 8 5 0 1 e x t . 2 7 6 0 ) . 

121 



M i l w a u k e e K i t s 

Superstructure supplied 
with attachment plates and fasteners. 

Li, 

Anterior Bars Posterior Bars 

Headpiece 
w/throat mold HcAdpieLC 

sv'throat frπtrtc 

D u n > F i l l a u e r 
Orthopedic... 

' T h e Source" 

A l l M i lwaukee components are now i n 
stock for immediate sh ipment . Cho ice of 
i nch or metr ic screw threads. Let Durr-
Fi l lauer supply al l your or thopedic needs 
and help you increase your pat ient services. 
Remember Durr-Fi l lauer. . . " T h e Source." 

Orthopedic Division 
RO. Box 1678 • Chattanooga, Tennessee 37401 



ÜH M A S C H I N E I \ I - S C H M I D 

A long and successful 

tradition in machinery for 

Orthopaedic Supplies 

• ROBUST 
• STEADILY IMPROVED 
• DUST EXTRACTING 

Machinery and tools 

made in Germany 

by specialists for specialists 

N E W ! 

S O C K E T R O U T E R 

TITAN 1 2 0 E 

• PROVEN IN PRINCIPLE 
• IMPROVED DESIGN 

Please ask for more 
information 

For detailed information please write to: 

Maschinen-Schmid, Morenastr 3 , D 8 0 0 0 Munich Germany 
Telephone 089/832510 

JOINTS AND BRACES 

Leg and hip joints, braces and 
shoe stirrups 

MATERIAL 
Fabricating supplies, tools 

LEATHER AND FABRICS 

SPARE PARTS 

Feet, knees, socket blocks, hooks, 
hands, wrist and elbow units 

TOOLS AND MACHINES 

*MIRA' 
Abduction pillow splints 

E. LINK & CO 
P.O. Box 4459 

D-7200 TUTTLINGEN 
TELEPHONE (07461) 5018 



Julius Zorn GmbH • D-8890 Aichach • Telephone 08251/3061 • Telex 539405 
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^ F o l l o w i n g amputat ion of t h e 
lower leg, firm contro l led b a n d a g i n g 

w a s required to e n s u r e 
t h e c o r r e c t s t u m p c o n t o u r 

w o u l d b e f o r m e d . ^ 

Formation of a correctly 
shaped stump offers the patient 
much greater comfort when a 
prosthesis is fitted. 

The bandage considered 
most suitable for this purpose is 
Eiset 'S—the specially developed 
supportive bandage for 
amputation stumps. A lightweight 
bandage, manufactured from 
bright viscose rayon and elastic 
yarns, the special slip properties 
of Eiset'S'allow it to 
accommodate itself to the limb 
and so achieve the desired 
compression. 

The bandage is manufactured 
in 10cm and 15cm widths 
(12 metres stretched). Two leaflets, 
illustrating application of Eiset 'S', 
entitled 'Above or through knee 
stump bandaging" and 
"Below knee stump bandaging" 
are available on request. 

The standard Eiset bandage 
(6m stretched) is available in 
5cm, 7.5cm 10cm and 15cm widths. 

Detailed information on all 
Seton products is included in the 
full colour catalogue. 

For your free copy, write to: 
Seton Products Limited, 
Tubiton House, Medlock Street, 
Oldham OL13HS. 
Tel: 061-652 2222. Telex: 669956. 

Exh.bitσrs al Western Centre and BHEDC in London Eiset'S' bandages from 
T H E T U B I G R I P ' P E O P L E 



ME EXAMPLE 
The ROUTER MACHINE "T 2000' 
with many useful advantages, 
of course from SCHEIN. 

Modern style with clear lines, 
space required: about 0 ,85 m2 

Foil-bag for dust + chips inside 
the machine 

Infinitely variable vertical 
adjustment = individual 
working height 

Chromium - plated, 
removable suction pipe 

Plastic tool - holders 

High suction through two 
separately control led, conical 
suction stubs: 9 5 mm 0 into pan, 
but also for other appliances or 
machines. 6 0 mm O for a vacuum 
cleaner in the workshop 

Technical data: 
T w o tri-phase-current motors 
2 2 0 / 3 8 0 Volts per 1.1 kW 
(1.5 HP), and 2 8 2 0 r.p.m. 

Flexible pedal - switch for 
"on/off" - funct ion, emergency 
switch on machine in suitable 
position 

Don't be satisfied with less. 

O r t h o p ä d i e 
service 

SCHEIN ORTHOPÄDIE SERVICE KG Phone I02191 ) 6 C 
P, O. Box 11 0G 09 Telex 8 513 4B4s< 
•-5630 Ramscheid ! 1 
West Germany 
Manufacturers arid Distributors of SCHEiN-Arch-SurjDOrt-? 



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

HUSH STEEPER ( R D E H A h 

2 3 7 — 2 3 9 R o e h a m p t o π L a n e , 

L o n d o n , S W 1 5 . 4 L E 3 . E n g l a n d . 

T é l é p h o n e : O l 7 8 B 8 1 6 5 

T e l e x : 2 6 1 7 B 7 

M a n u f a c t u r e r s o f P r o s t h e s e s O r t h o s e s 

a n d A i d s f o r t h e H a n d i c a p p e d 

^ : Res t ra in t 
the EXO-STATIC Collar 
with Chin Piece 
W h e n the p r e s c r i p t i o n is for p o s i t i v e s tab i l i za t ion a n d 
m a x i m u m r e s t r a i n t . . . re ly on the E X O - S T A T I C C o l l a r with 
C h i n P i e c e . T h i s c o l l a r p r o v i d e s restra int , p reven ts 
m o v e m e n t b a c k a g a i n s t the n e c k , c o n t r o l s lateral m o t i o n 
a n d g i v e s m a x i m u m patient c o m f o r t with no t e n d e n c y to 
c h a f e under the c h i n . 

F l a M a n C o ' s line of E X O - S T A T I C c o l l a r s are d e s i g n e d to 
p h y s i c i a n s ' s p e c i f i c a t i o n s , e n g i n e e r e d for re l iable oper
a t ion , a n d m a n u f a c t u r e d to the h i g h e s t s t a n d a r d s of 
q u a l i t y . . .w i th c o m p e t i t i v e p r i c i n g . W h a t e v e r the pre
s c r i p t i o n , the re 's an E X O - S T A T I C c o l l a r that will fill it. 

OTHER FLAMANCO PRODUCTS . 
_ • EXO-STATIC COLLAR WITHOUT CHINPIECE 

• EX0-F0AM SOFT CERVICAL COLLAR 
• EX0-0VERHEAD DOOR TRACTION UNIT 
• DISKARDS DISPOSABLE HEAD HALTER 
• EXO-PELVIC TRACTION SLING 
F O R I N F O R M A T I O N A N D C A T A L O G U E 

EXO-BE0 TRACTION UNIT CERV-EASE SOFT COLLAR 
WITH STIFFENER 

F l a M a n C o 
FLORIDA MANUFACTURING 
CORPORATION 
P O Box 2324 - Daytona Beach, Fla 32015 
(904) 767-2372 U S A 



m 
( i,'li Hin 

TEH LIN ENDOSKELETAL PROSTHESIS WITH 
HYDRAULICALLY CONTROLLED SAFETY KNEE 
WON GOLD MEDAL AT THE INTERNATIONAL 
INVENTORS CONGRESS HELD IN NÜRNBERG, 
WEST GERMANY 1979. 

PRE-SHAPED, ELASTIC FOAM COVERS 
SAVE TIME AND LABOUR. FIVE SIZES 
ARE AVAILABLE. 

SINGLE AXIS FOOT 
WITH TOES 
AVAILABLE 

FEATURES: 
• BRAKING WITHIN 15 DEGREES OF KNEE FLEXION 
• FLUID CAN BE REPLACED BY USER 
• FOOT ANGLE CAN BE ADJUSTED BY 10mm 
• SWING PHASE CONTROL 
• MAINTENANCE FREE 
• LIGHT IN WEIGHT 

Manufacturer: 
TEH LIN PROSTHETIC & ORTHOPAEDIC INC. 
Head Office: No. 236-238, Sec. 3, Hoping W. Rd., 

Taipei, Taiwan, R. O. C. 

Exclusive Export Agent: 
MEE SHENG TRADING CO., LTD. 
P.O. Box 78 Panchiao, 
Taiwan, R. O. C. 
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an outstanding tool 
in biomechanics: 

quartz multicomponent 
measuring platform for 

sports orthopedics neurology 

Quar tz Mult icomponent Measuring 
Platform for B i o m e c h a n i c s -
this unique instrument determines 
together with a spec ia l e lectronic 
unit the following 6 measurands: 
• the 3 c o m p o n e n t s Fx, F y and F z 

of any force act ing on it 
• the coordinates a x and a y of 
the instantaneous point of force 
application 
• the free moment M'z about an 
axis normal to the platform 

This sys tem is an indispensable 
tool in var ious fields s u c h a s 
• sports: reaction f o r c e s in 
broad and high jump, shot put, 
running etc . 
• or thopedics: gait analysis, 
evaluating prosthesis, monitoring 
rehabilitation etc . 
• phys io logy of work: stress on 
workers , human engineer ing etc. 
• neurology: " R o m b e r g " test, 
p s y c h o m o t o r phenomena . 
• posturography: more than a 
s imple statokinesimeter, a s the 
horizontal f o r c e s (in 2 c o m p o 
nents!) excer ted in maintaining 
equilibrium are measured , too. 
Over 2 5 0 s y s t e m s are s u c c e s s f u l l y 
used all over the wor ld! A version 
with g l a s s top plate a l lows simulta
n e o u s photograph ic record ing . 

The outstanding features are: 
• amazingly s imple operation 
• factory cal ibrated 
• extremely wide measur ing range 
• very low c r o s s talk (typically < 1 % ) 
• linear and free of hysteresis 
• natural f requency over 8 0 0 H z 
• interchangeable top plates 
• simplified mounting. 
W e offer a complete line of p iezo
electr ic t ransducers for pressure , 
force and torque, mult icomponent 
force, accelerat ion and c h a r g e 
amplif iers, also in miniature vers ions, 
and other e lectronic equipment. 

Our worldwide network of s u b s i d i 
ary c o m p a n i e s ( U S A , Great Britain 
and Germany) and distributors is at 
your d isposa l in over 4 2 countr ies to 
ensure prompt and reliable s e r v i c e . 

Piezo- instrumentat ion , < I S T L E R 
Kistler Instrumente A G 
C H - 8 4 0 8 Winterthur/Switzerland 
Phone ( 0 5 2 ) 2 5 2 8 2 1 
Telex: 7 6 4 5 8 

X l l 



Kiπgsley Keeps O n Its TOES! 

A continuing demand for an expanded variety of feet with natural toes has 
encouraged KINGSLEY MFG. CO. to offer a complete line of feet with this important 
feature. You will find the LADIES "FLAT", LADIES H1-STYLE, and the exciting new 
JUVENILE FOOT — all with natural toes — readily available for your inspection and use. 
The great demand for the more natural type of foot will see KINGSLEY developing more 
exciting selections in this line in the coming months. 

THE KINGSLEY LADIES HI-STYLE FOOT WITH NATURAL T O B 
presents α truly stylish 3 Vi" heel. The natural molded toe 
allows the choice of open or dosed high-heel, 
high-fashion shoes. The Hi-Style is designed to fit most 
regular width shoes. 

THE KINGSLEY LADIES " F L A T WITH NATURAL TOES 
is cast in the simulated confines of a shoe. The result 
is realistic toes and a naturally narrow form. 
The 3/β" heel height can be modified to 3/4" and could 
be considered for men in the lower size range as 
well. Kingsley makes it of high quality Medathane. 

THE KINGSLEY JUVENILE FOOT WITH NATURAL TOES 
Is designed to enhance the foot fashion world of the 
pre-teen and small adult. It is practical for sandals or 
simple barefoot look. Molded of Kingsley Medathane, it 
is available in medium and soft heels, lengths in 
14, 15, 16, 17. 10, 19, 20, 21, 22 cm. 

K I N G S L E Y M F G . C O . 
19M PLACENTIA AVENUE 
COSTA MESA. CA «627 

<7l4>645-4401 

\ l l l 



i n t e r n a t i o n a l j o u r n a l o f 

r e h a b i l i t a t i o n r e s e a r c h 
i n t e r n a t i o n a l e Z e i t s c h r i f t f ü r 

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

r e c h e r c h e s e n 
r é a d a p t a t i o n 

A n internat ional , interdiscipl inary journal of 
medica l , educat iona l , p s y c h o l o g i c a l , socio logical 

and technologica l rehabil i tat ion research 
e d i t e d b y 

R e h a b i l i t a t i o n I n t e r n a t i o n a l ' 
T h e W o r i d O r g a n i z a t i o n f o r D i s a b i l i t y 

P r e v e n t i o n a n d Rehab i l i t a t ion 

Content of Volume 2, 1979 
Main contributions 
/suie no I R Schindele t ommunication ami cooperation bet
ween professionals in the field of t 1 -Mi on P J.R Michail. 
I raining in rehabilitation V /> Bury. Disablement in society 
J kiwerski. M Weiss. & R. Pasntc:tk. Electrostimulation of the 
median nerve by means of implanted stimulators .V f)itlnfr. & 
(i Georgier technical and clinical function testing of hand or
thoses IIP Bouler. A r\f Siπeels. I caching lootlibrusfung 
th,-havioui in severely retarded adults A // Hannmen Che 
blind Education and vocational preparation in I inland 
Issue no J W Ruiz Interdisciplinary cooperation in an integrat
ed psychiatric rehabilitation program J J Woodward el al {In
application o) Kelly's Repertory <iπd technique />.'. r'uπAe. d 
1 Heinold Antisociality and school failure W B. Kinney trie 
relationship of bod> image and peiceptual-motor performance of 
trainable mental retardates I) ktritey. A k Saba Symbolism 
in the Jrcams of the blind 
Issue no. J: G. Saenger et al. Delivery of care for severely retard
ed children R. (joldfarb. & E. Bader Espousing melodic into
nation therapy in aphasia rehabilitation T. Spurgeon. á C. Un
derbill Horticultural therapy H Paul. Ecological aspects con
cerning the rehabilitation of handicapped persons t'. Hischer. 
Styles of personal approach 
Issue no 4: !.. McCaul, & P. Cooper. Techniques to increase re
sponse rate in follow-up studies W. Meister. Rehabilitation of 
chronic obstructive pulmonary diseases AH. Philip et al. Per
sonal traits and physical, psychiatric and social state of patients 
with myocardial infarction H. Frank, c5 B. Buttgereil. Class
room behavior of special school teachers S. Segal. & U A viram 
Reintegrating the mentally ill in the community 
Brief reports 

54 short descriptions of completed research projects from vari
ous areas of rehabilitation 

Research news 
35 short descriptions of ongoing research projects, of research 
teams and centers, of documentation- and information services 

International bibliographical documentation 
Approx. 3800 bibliographical references of recently published 
journal articles and book publications 
Reviews and descriptions 
20 reviews or descriptions of recent research oriented publica
tions, and brief data on 151 réhabilitation journals 
Rehabilitation news 
42 brief reports on international conferences and other events, 
and data on approx. 200 international conferences 

2 supplements 
Reports of the R l Medical Commission Meeting, and of the 3rd 
International Congress on Rehabilitation in Psychiatry 

In total 740 pages for 28 US S or DM 48 00 

Editor 
R U D O L F S C H I N D E L E 
University of Education, Department of Special Education 
Heidelberg, Fed Rep of Germany 
Associate Editor 
K U R T A L P H O N S J O C H H E I M 
Rehabilitation Center, Univ of Cologne. Fed Rep of Germany 

Editorial Representative of Rehabilitation International 
NORMAN A C T O N 

Secretary General of Rehabilitation Internat.. New York. USA 

Editorial Board 
J.B.Amoako, Ghana; J.K.Atkinson, Australia; R.Puig de 
la Bellacasa, Spain; S.O.Brattgàrd, Sweden; J.Campbell, 
Canada; S.C.Cesar, Brazil; P.Dollfus, France; P.Engel, 
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A clear comparison. 
Note the clarity of the orthosis on 

the right when compared to the orthosis 
on the left. 

The orthosis on the right is con
structed from Thermo-Vac Clear Plastic, a 
new thermoplastic polymer that's an ex
cellent material for the fabrication of a 
wide variety orthotic and prosthetic 
devices. 

Thermo-Vac allows you to see 
through your orthotic or prosthetic device 
to detect pressure areas and intimacy of 
fit. Skin blanching around bony promi
nences and skeletal deformities are easily 
detected. And after visually determining 
the extent of contact support the Thermo-
Vac material may be reformed with the 
application of heat. 

'ii For quick, easy ordering use 
Thermo-Vac Sheets 
2 ' X 2 ' X .0625 — T14-203-0100 
2 ' X 2 ' X .125 — T14-203-0200 
2 ' X 2 ' X .1875 — T14-203-0300 
2 ' X 2 ' X .250 — T14-203-0400 
2' X 4' X .0625 — T14-202-0100 
2 ' X 4 ' X . 125 -T14-202-0200 
2 ' X 4 ' X .1875 - T14-202-0300 
2 ' X 4 ' X.250 -T14-202-0400 
4 ' X 4 ' X .0625 — T14-201-0100 
4 ' X 4 ' X . 125 — T14-201 -0200 

The advantages of Thermo-Vac are 
clear. You fabricate a device that's 
without pressure areas or large deviations 
from the skeletal form while your patients 
receive an orthotic or prosthetic device 
they can live with - comfortable and 
functional. 

4' X 4' X .1875 — T14-201-0300 
4' X 4' X .250 — T14-201-0400 
Thermo-Vac Rod Stock 
3/16" Diameter Rod Stock — T15-400-0000 

United States Manufacturing Company 
180 North S a n Gabriel Blvd. , P.O. Box 5030, 
Pasadena , Cal i fornia 91107 U.S.A. (213) 796-0477 
Cable: L I M B R A C E , TWX No.: 910-588-1973 

the following product numbers: 


