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OTTO BOCK Greissinger, single axis and SACH feet are 
recognized internationally as the ultimate in foot design and 
performance. Why are the feet so popular? 

First because of their natural appearance with all functional 
elements completely enclosed. 

Secondly, because of the material used. We developed this 
special material and named it PEDILAN. It has a unique 
suitability for prosthetics because of its color, weight factor 
and low percentage of permanent deformation. 

In addition the wide selection of sizes, heel heights and styles 
for men, women and children assure optimum care for your 
patient. The SACH foot alone is available in 206 variations. 

For the finest in patient care, use OTTO BOCK prosthetic feet. 
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We're actively involved 
in making it more reliable 

for active individuals. 

The Dyna-Plex Hydraulic Gait Control 
Unit is for active individuals 
wanting to fully exploit the many £ ^ 
advantages of hydraulic gait A 
control. It's made to give 
them a smoother more natural 
gait while lowering their 
energy expenditure during 
ambulation. It's also 
designed to let them vary 
their cadence within a 
variable preset range 
of speeds and fashioned 
to fit in any one of 
three lower extremity 
prostheses made by 
United States Manufact 
uringCo. The Dyna-
Plex Hydraulic Gait 
Control Unit is also 

w 
/ 

constructed to give the active 
amputee total reliability. 

P Ve manufacture the Dyna-Plex 
Unit in a completely con-

trolled environment, free of 
W dust and other impuri ties. 
* Every part is checked against 

stringent standards before 
assembly and each unit is 

tested on a simulating walker 
for 16,000 cycles before delivery. 

It takes an active individual to 
fully exploit the many advantages 

of the Dyna-Plex Hydrauli c Gait 
Control Unit. It also takes a company 
like United States Manufacturing to 

make it reliable. 
For more information or a complete 

^»«? detailed brochure contact: 
U N I T E D S T A T E S M A N U F A C T U R I N G C O . 
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"A nice little house with a 
white picket fence. *9 

It's a comfortable future for many people. It's not enough for most amputees. 
Generally, people with handicaps ask more of life, not less. They're not content with 
ordinary effort and average reward. They have character and drive. Kingsley provides 
the means. 

The Kingsley Molded Symes S . A . C . H . Foot for adults 
features a 'A " aluminum plate bonded to the keel the 
entire length of the bottom. The strength and dura­
bility of this foot will meet the day to day test. It is 
designed for clearances as low as one inch without weaken­
ing the keel. Elastic Medathane walls project up from the 
top of the keel, conforming to the shape of the socket 
and providing a smooth transition from foot to leg. 

A white picket fence may be enough to some people. The amputee wants more 
and deserves the oppottunity the prosthetist and Kingsley can provide. 

KINGSLEY MFG. CO. 
1984 PLACENTIA AVENUE 
COSTA MESA, CA 92627 

( 7 1 4 ) 6 4 5 - 4 4 0 1 

i • 
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WHAT'S YOUR COST? 
ORTHOTIC/PROSTHETIC 

Leather Parts 
Did you ever stop to think about what it costs you in direct labor 
to lay out and finish each O & P leather part? 

We can provide you f r o m stock the highest quality products at a 
fraction of your cost. 

Write us for our complete catalog and compare. Better yet, give 
us a call today. We'll be happy to help in any way we can. 
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A Public Service of this magazine &The Advertising Council Rw 

\bur Business 
can be one,too. 

Red Cross needs individual volun­
teers, and donors of blood and 
money, by the millions. 

But we need even more help. We 
need the solid support of American 
Business . And we never needed it 
more. 

If your bus iness is already help­
ing, by organizing blood drives, and 
by supporting payroll deductions— 
either directly for the Red Cross , or 
through the local combined fund 
drive—the whole community owes 
you thanks. And we thank you, too. 

Last year, with help from our 
friends, we offered major aid at over 

30,000 disasters—from typhoons, to 
local (but just as devastating) house fires. 

We were able to help the elderly 
with practical programs, we helped 
veterans by the hundreds of 
thousands, we taught people by the 
millions to swim or swim better. 
And that's just the tip of the iceberg. 

Think of America without The 
American Red Cross. 

And you'll know why we need your 
business a s a Red Cross Volunteer. In 
your community. And all across 
America. Contact your local Red 
Cross Chapter to see how your com­
pany can become a volunteer. 

Red Cross. The Good Neighbor. 
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The Proven and Accepted Modular System 
for Custom Fabricating Effective Spinal Orthoses 

Thoracolumbar 
A.P.L Control 

if 
Thoracolumbar A.P.L. 

with Rotary Control 

Lumbosacral 
A .PL Control 

Thoracolumbar 
A P Control 

Lumbosacral 
A P Control INTRODUCES 

ANOTHER 
1 s t 

L U M B O S A C R A L P-L C O N T R O L 
(FLEXION) 

Y o u c u s t o m f a b r i c a t e w i th t h e s a m e s p e e d 
a s t h e o t h e r F I W A Y S p i n a l O r t h o s e s . 

A. Zipper elastic front with side lacing adjustments. 
B. Stop to prevent thoracic band from moving 

downward. 
C Pivot point is lower, closer to the level of L-5 and 

S-1. 
D. Double roller loops for easier pulling of pelvic 

straps. 

For more information call 
A. (Tony) Velazquez, C O . 
(813) 255-0761 or write 
FIWAY MANUFACTURING CO. 
516 So. Howard Ave., Tampa, Fla. 33606 

Separate kit required for 
fabricating this orthosis. 

SOLD TO MEMBERS OF THIS PROFESSION ONLY. 
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Orthotics and Prosthetics h a s k i n d l y c o n s e n t e d t o d e v o t e th i s e n t i r e i s s u e 
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i s t r a t i o n a n d t h e V e t e r a n s A d m i n i s t r a t i o n . T h i s p a r t i c u l a r w o r k s h o p w a s 
c o - s p o n s o r e d b y the D e p a r t m e n t o f O r t h o p a e d i c s a n d R e h a b i l i t a t i o n o f t h e 
U n i v e r s i t y o f M i a m i . 

F i f t y s e v e n p a r t i c i p a n t s f r o m t h e U n i t e d S t a t e s , C a n a d a , a n d E u r o p e g a t h ­
e r e d f o r th i s m e e t i n g r e p r e s e n t i n g s o m e o f the m o s t k n o w l e d g e a b l e p e o p l e in 
the w o r l d in the f i e ld o f o r t h o t i c s a n d p r o s t h e t i c s . I n c l u d e d w e r e p r a c t i t i o n ­
e r s a n d r e s e a r c h e r s i n t h e p r o s t h e t i c - o r t h o t i c p r o f e s s i o n , p h y s i c i a n s , e n g i ­
n e e r s , e d u c a t o r s , m a n u f a c t u r e r s , g o v e r n m e n t r e p r e s e n t a t i v e s , a n d a l l i e d 
h e a l t h p e r s o n n e l . 
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a r e a s , a n d i n s o f a r a s p o s s i b l e t o m a k e r e c o m m e n d a t i o n s f o r f u t u r e r e s e a r c h 
a n d d e v e l o p m e n t b a s e d u p o n t h e s e n e e d s . 

A t o t a l o f t w o a n d o n e - h a l f d a y s w a s s p e n t in d e l i b e r a t i o n s b y t h i s g r o u p . 
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l o w e r - l i m b p r o s t h e t i c s , u p p e r - l i m b o r t h o t i c s , l o w e r - l i m b o r t h o t i c s , s p i n a l 
o r t h o t i c s , a n d d e l i v e r y o f p r o s t h e t i c - o r t h o t i c s e r v i c e s . T h e s e p a p e r s w e r e 
t h e n u s e d a s t h e b a s i s f o r d i s c u s s i o n b y f i v e w o r k s h o p p a n e l s . C h a r g e s t o the 
p a n e l s i n c l u d e d a d e f i n i t i o n o f the c u r r e n t s t a t e o f t h e a r t , i d e n t i f i c a t i o n o f 
r e c e n t m a j o r a d v a n c e s , a d e f i n i t i o n o f t h e a v a i l a b i l i t y o f r e c e n t p r o d u c t s o f 
r e s e a r c h a n d d e v e l o p m e n t , a s t a t e m e n t o f t h e m o s t u r g e n t n e e d s in the f i e ld 
a n d the ir p r i o r i t i e s , a n d f i n a l l y r e c o m m e n d a t i o n s r e g a r d i n g f u t u r e r e s e a r c h 
a n d d e v e l o p m e n t a n d m e t h o d s o f i m p r o v i n g the d e l i v e r y o f s e r v i c e s . 

It i s h o p e d t h a t the p r o c e e d i n g s o f th i s w o r k s h o p a n d , m o r e i m p o r t a n t l y , 
t h e r e c o m m e n d a t i o n s i s s u i n g f r o m t h e p a n e l s , w i l l s e r v e t o e s t a b l i s h g u i d e ­
l i n e s f o r m e m b e r s o f the p r o s t h e t i c - o r t h o t i c p r o f e s s i o n a n d f o r i n v o l v e d 
g o v e r n m e n t a l a g e n c i e s in t h e i m p o r t a n t w o r k o r p r o v i d i n g i m p r o v e d t e c h ­
n o l o g y a n d s e r v i c e s t o o u r h a n d i c a p p e d p o p u l a t i o n . It i s o b v i o u s t h a t m u c h 
h a s b e e n a c h i e v e d o v e r the p a s t f e w y e a r s , b u t it is e q u a l l y a s o b v i o u s t h a t 
w e st i l l h a v e a l o n g w a y t o g o . 

N e w t o n C . M c C o l l o u g h , III , M . D . 
R o n n e y S n e l l , C . P . O . 
C o - C h a i r m e n 
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S Y N T H E S I S 

W O R K S H O P ON E X T E 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 

General Observations and Recommenda­
tions Common to All Panels 

1 . A t remendous v o i d h a s been left by the 
d e p a r t u r e of the C o m m i t t e e on P r o s ­
thetics Research a n d D e v e l o p m e n t . 
S o m e of the funct ions that are mi s sed 
which were p r o v i d e d by C P R D are: 
a. Central c learing h o u s e for in format ion 
b . E v a l u a t i o n p r o g r a m for devices a n d 

techniques 
c. O r g a n i z a t i o n of w o r k s h o p s , confer­

ences, etc. 
d. Peer review of research a n d d e v e l o p ­

ment 
e. Corre la t ion of activit ies 
It is r e c o m m e n d e d that a new g r o u p be 
es tabl i shed to c a r r y out these funct ions . 

2. T h e curricula of the formal prosthet ics 
a n d orthot ics educat ion p r o g r a m s need 
to be b r o u g h t u p to da te . T h e educat ion 
p r o g r a m s s h o u l d be m o r e deeply in­
v o l v e d in research and e v a l u a t i o n than is 
the case presently , if the schoo l s are ex­
pected to cont inue to meet the needs of 
the nat ional rehabi l i tat ion p r o g r a m . 

3. T h e A m e r i c a n A c a d e m y of Orthot i s t s 
a n d Prosthet i s t s s h o u l d e x p a n d its ro le in 
cont inuing educat ion , a n d shou ld b e ­
c o m e invo lved in eva luat ion of new de­
vices a n d techniques a s they emerge f r o m 
research a n d deve lopment g r o u p s a n d 
pract i t ioners . 

4. T h e b u y e r s of services need to be better 
in formed a b o u t prosthet ics , orthot ics . 

a n d the potent ia ls of p r o p h y l a x i s . R e p r e ­
sentat ives of third p a r t y p a y e r s often 
seem to h a v e a very n a r r o w v iew of the 
benefits poss ib l e b y treatment that falls 
outs ide of present regulat ions . 

5. Specia l Centers are needed to p r o v i d e for 
the requirements of the severely handi ­
c a p p e d . Research a n d teaching s h o u l d be 
included in the responsibi l i ty of these 
Centers . 

6. I m p r o v e d cosmes i s is needed in pract i ­
cal ly all a spec t s of prosthet ics a n d or tho­
tics. C o s m e t i c covers h a v e presented 
p r o b l e m s , especial ly economica l ones , 
for y e a r s . 

7. I m p r o v e d connect ions between the p a ­
tient a n d the a p p l i a n c e s a r e indicated. 
M o r e in format ion a b o u t the effects of 
pres sures on h u m a n t issues is needed in 
order for significant p r o g r e s s to be m a d e 
in this a r e a . S u p p o r t of w o r k on skeletal 
a t tachment of pros theses shou ld be con­
t inued. 

8. I m p r o v e d sensory f eedback is needed for 
pract ica l ly all types of external ly 
p o w e r e d pros theses a n d or thoses . With­
out s ensory f eedback , the pat ient is not 
ab le to control his a p p l i a n c e wi thout 
consc ious thought a n d v isual cues, a n d 
even highly m o t i v a t e d pat ients often dis­
c a r d their app l iances , feeling that the ef­
fort requ ired for opera t ion is too great to 
w a r r a n t the funct ions o b t a i n e d . 



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

U p p e r - L i m b Prosthet ics 

1. A m o r e efficient mechanical ( b o d y -
p o w e r e d ) h a n d is needed. 

2 . P r o v i s i o n s shou ld be m a d e for inter-
changeabi l i ty of externally p o w e r e d 
h a n d s a n d h o o k s . 

3 . A n i m p r o v e d joint for the e lbow-d i sar -
t iculation pros thes i s is needed. T h e 
strength of present joints is marg ina l . 

4. A n "active" e l b o w for the endoskele ta l 
a b o v e - e l b o w pros thes i s is needed. Pres ­
ent devices a r e p a s s i v e , a n d therefore 
p r o v i d e very little function. 

5 . Mult i funct ional control s y s t e m s are 
needed for a b o v e - e l b o w , shou lder -d i sar -
t iculation, forequarter , a n d high 
bi lateral cases . 

6. A n external ly p o w e r e d shoulder joint is 
needed . All shoulder joints a v a i l a b l e are 
p a s s i v e . 

7. A s tudy in socket des ign for shoulder-
disart iculat ion a n d forequarter pat ients 
is needed. Present des igns are u n c o m ­
for tab ly w a r m a n d p o s s i b l y unnecessar­
ily restrict ive. T h e des igns sugges ted by 
Ring a n d Kiess l ing should be e v a l u a t e d . 

8. S tudies to i m p r o v e sensory f eedback are 
needed. N o d o u b t the low acceptance 
rate of external ly p o w e r e d pros theses 
a n d or thoses is due to the low order of 
s ensory f eedback present . 

9. T h e effects of weight reduct ion in upper-
l imb pros theses should be s tudied . Th i s 
aspect of u p p e r - l i m b prosthet ics has been 
o v e r l o o k e d complete ly . 

10. H a r n e s s i n g techniques a n d p o w e r trans­
mis s ion sys t ems need s tudy a n d im­
p r o v e m e n t . T h e harness sy s t ems for the 
a b o v e - e l b o w unilateral a m p u t e e is no­
tor ious ly u n c o m f o r t a b l e a n d inefficient. 

1 1 . T h e o s t e o t o m y technique d e v e l o p e d by 
M a r q u a r d t to p r o v i d e better connect ion 
between humera l s t u m p a n d prosthes i s 
shou ld be eva lua ted . 

12. S y s t e m s consis t ing of both externally 
p o w e r e d a n d b o d y p o w e r e d c o m p o n e n t s 
shou ld be cons idered . Such hybr id sys ­

tems m a y be ab le to take a d v a n t a g e of 
the pos i t ive at tr ibutes of b o t h b o d y 
p o w e r a n d external p o w e r . 

13. Research and deve lopment in external ly 
p o w e r e d s y s t e m s shou ld be cont inued 
with e m p h a s i s on sensory feedback , in­
c luding propr iocept ion and control by 
m y o g r a p h i c and neuroelectric s ignals . 

L o w e r - L i m b Prosthet ics 

1. A w o r k s h o p is needed to p r o v i d e the b a ­
sis for an a d v a n c e d text on a m p u t a t i o n 
surgery . T h e latest experiences in a m p u ­
tat ion surgery need to be publ i shed to 
p r o v i d e the latest guidel ines for all sur­
g e o n s w h o are to per form a m p u t a t i o n s . 

2. Definit ive socket s that can be a d j u s t e d 
readi ly for da i ly changes in s t u m p 
v o l u m e are needed. S p o r a d i c a t t e m p t s 
h a v e not been successful , but it is felt 
that if an a p p r o p r i a t e g r o u p concentrat ­
ing on the p r o b l e m it cou ld be s o l v e d . 

3. S tudies of the design of artificial feet 
need to be reinstituted. Scientific inquiry 
into the design of artificial feet s eems to 
h a v e subs ided after the introduct ion of 
the S A C H foot . 

4. A n u p - t o - d a t e pro toco l for m a n a g e m e n t 
of pat ients pre- , during, a n d p o s t s u r g e r y 
including prescr ipt ion principles needs to 
be publ i shed . 

5. T h e effects of weight a n d weight distri­
but ion of artificial legs needs to be s tud­
ied. T h e need for light artificial legs 
s eems to h a v e been o b s c u r e d by the in­
troduct ion of i m p r o v e d m e t h o d s of fit­
ting, a l ignment , a n d knee-control units . 
S u c h studies are poss ib le and pract ica l 
n o w that ultralight lower- l imb p r o s ­
theses are a v a i l a b l e . 

6. I m p r o v e d hip joints for the h ip-disart icu-
lat ion a n d hemipe lvec tomy pat ients are 
needed. A l t h o u g h the present des igns are 
well received it is felt that ref inements 
are poss ib le . 

7. A n i m p r o v e d knee joint to p r o v i d e b r a k ­
ing is needed. Refinement of present de­
s igns s e e m s p o s s i b l e a n d pract i ca l . 

8. A n a d j u s t a b l e leg that can be control led 
remote ly , a n d a l s o b y the pat ient , is 



needed. H o b s o n , et al d e m o n s t r a t e d 
that such an a p p r o a c h h a s the potent ial 
for p r o v i d i n g useful i n f o r m a t i o n . 

9. A w o r k s h o p is needed to bring u p to d a t e 
a b o v e - k n e e cast ing , fitting, and al ign­
ment p r o c e d u r e s . A l t h o u g h the b a s i c 
principles set forth by the Univers i ty of 
Ca l i forn ia in the late '50s are still va l id a 
n u m b e r of refinements in procedures 
h a v e been in troduced but h a v e not been 
publ i shed a d e q u a t e l y for teaching. 

10. A w o r k s h o p on training pat ients to use 
lower- l imb prostheses is needed. T h e 
a v a i l a b l e texts on training lower- l imb 
a m p u t e e s to use their pros theses a r e 
m o r e general than it seems that they need 
to be . 

1 1 . A n electronic knee unit that permits vol ­
untary control of the knee by a b o v e -
knee a m p u t e e s is needed. Presently , the 
a b o v e - k n e e a m p u t e e has less than a d e ­
q u a t e control of the artificial knee. Ex­
perience with myoelectr ic control sys ­
tems a n d m i c r o c o m p u t e r s sugges t s that 
v o l u n t a r y control of the artificial knee 
might be poss ib le a n d pract ica l . 

12. A w o r k s h o p on m a n a g e m e n t of part ia l -
foot a n d S y m e s a m p u t e e s is needed. 
M a n y ref inements a n d s o m e significant 
a d v a n c e h a v e been m a d e since the last 
guidel ines for m a n a g e m e n t of these p a ­
tients were publ i shed . 

13 . A s u r v e y shou ld be m a d e concerning the 
P T B socket modi f i cat ions currently in 
use . It is well k n o w n that a n u m b e r of 
v a r i a t i o n s of the P T B are be ing used suc­
cessful ly throughout the w o r l d but no 
c o m p r e h e n s i v e eva luat ion has been 
m a d e of the indiv idual techniques . D a t a 
useful in teaching could be obta ined b y a 
c o m p r e h e n s i v e survey . 

U p p e r - L i m b Ortho t i c s 

1 . A s tudy of the prehension pat terns of 
quadr ip leg i c pat ients is needed to deter­
mine better a p p r o a c h e s to prehens ion 
that might be p r o v i d e d by or thoses . 

2 . T h e use of e l e c t romyograph ic a n d neuro-
electric s ignals for control of or thoses 
s h o u l d be s tudied . Experience with E M G 
in prosthet ics s h o u l d be helpful. N e w in­
f o r m a t i o n concerning the neuroelectric 
s igna l s shou ld be invest igated with re­

spect to appl i ca t ion to control of or­
thoses . 

3. H y b r i d s y s t e m s shou ld be d e v e l o p e d a n d 
e v a l u a t e d . C o m b i n a t i o n s of external 
p o w e r a n d b o d y p o w e r should be ex­
p lored to determine if the a d v a n t a g e s of 
both s y s t e m s can be preserved in one , at 
least on an interim b a s i s . 

4. M a n i p u l a t o r s shou ld be e v a l u a t e d . S e v ­
eral s y s t e m s des igned to p r o v i d e func­
t ions to the quadr ip leg ic , but not con­
nected to his b o d y , are a v a i l a b l e in the 
p r o t o t y p e s tage . 

5. T h e deve lopment of m o r e funct ional or­
thoses for quadr ip leg i c s with les ions at 
a b o u t the C-6 level shou ld be g iven pri­
or i ty . 

6. I m p r o v e d a r m swing des igns shou ld be 
d e v e l o p e d . 

7. A n e lbow flexion assist for a m b u l a t o r y 
pat ients with flail a r m s is needed. 

L o w e r - L i m b Orthot i c s 

1. I m p r o v e d des igns for joints , especial ly 
knee joints , are required. A special joint 
for pat ients with spast ic i ty is needed. 

2. S y s t e m s for maintenance of the integrity 
of the knee joint, such as the M a r t i n , 
Lenox Hill, a n d Veterans A d m i n i s t r a t i o n 
s y s t e m s shou ld be eva lua ted . 

3. T h e shoe shou ld be cons idered a s a c o m ­
ponent in the lower- l imb orthot ic sy s t em 
in the educat ion p r o g r a m s . 

S p i n a ) Or tho t i c s 

1 . M e t h o d s of object ive eva lua t ion us ing 
bioengineering principles need to be de­
ve loped for spinal or thoses to ac ­
compl i sh this, s o m e bas ic research will 
p r o b a b l y be required. 

2. A m e t h o d to "unload" or distract the 
spine a n d immobi l i ze the head that does 
not require skull pins is needed. 

3. Better m e t h o d s for immobi l i za t ion of 
v a r i o u s par t s of the trunk, sp ine , a n d 
pelv is with respect to each other are 
needed. 

4. O r t h o s e s for m o r e effective m a n a g e m e n t 
of scol ios is a n d k y p h o s i s for all types of 
pat ients are needed. 

5. A n increase in the quant i ty a n d qual i ty 
of in format ion to orthot is ts is needed 
through both formal a n d informal p r o ­
g r a m s . 



UPPER-LIMB PROSTHETICS 
CURRENT STATUS AND FUTURE NEEDS 

M a u r i c e A . LeBlanc , C . P . 

This p a p e r is an at tempt not so m u c h to 
g ive the current s ta tus of upper - l imb 
prosthet ics but to deve lop the direction 
where research a n d deve lopment efforts 
should be po inted in the next few y e a r s to 
so lve the mos t press ing clinical needs for 
pat ients . 

Current S t a t u s 

T h e his tory (Figure 1 a n d Reference 1) a n d 
deve lopment of upper - l imb prosthet ics is 
presented in the Orthopaedic Appliances At­
las of 1960 a n d will be u p d a t e d by the revi­
s ion to that v o l u m e n o w in p r o g r e s s a n d ex­
pected in 1978. In addi t ion to the 1960 
"Atlas," the Manual of Upper Extremity Pro­
sthetics (2) a n d Prosthetic Principles—Upper 
Extremity Amputations (3) h a v e been used 
as teaching m a n u a l s a n d resource b o o k s to 
p r o v i d e state-of-the-art service to a m p u t e e s . 

B a c k g r o u n d 

T h e 1971 report Rehabilitation Enginee­
ring—A Plan for Continued Progress (4) 
m a d e specific r e c o m m e n d a t i o n s for future 
research a n d deve lopment in a r m prosthe­
tics. S u b s e q u e n t efforts since that time a l so 
h a v e tried to a n s w e r the quest ion "What re­
search w o r k should we be do ing to best help 
a r m a m p u t e e s ? " (5, 6, 7) Past r e c o m m e n d a ­
tions centered m o s t l y on the a r e a s listed be­
low: 

• R e s t u d y of b o d y p o w e r e d pros theses 

• Cont inuat ion of deve lopment of exter­
nal ly p o w e r e d pros theses 

• I m p r o v e m e n t in a p p e a r a n c e of h o o k s , 
hands , a n d a r m s 

• S u r v e y s of the upper - l imb a m p u t e e 
p o p u l a t i o n 

• F o r m a t i o n of special ized centers for se­
verely d i sab l ed a r m a m p u t e e s 

• Increased e m p h a s i s on control a n d sen­
s o r y f eedback 

Fig. 1. The Alt-Rupin Hand. 



Fig. 2. T h e O n t a r i o C r i p p l e d Ch i ld r en ' s Cen t r e 
O p e n - S h o u l d e r A b o v e - E l b o w S o c k e t . 

Fig. 3. T h e N o r t h w e s t e r n Un ive r s i t y S e l f - S u s p e n ­
s ion S o c k e t for B e l o w E l b o w A m p u t e e s . 

Fig. 4. T h e N o r t h w e s t e r n Un ive r s i t y A t m o s ­
p h e r e - P r e s s u r e S u s p e n s i o n S o c k e t . 

Recent P r o g r e s s 

In the last several y e a r s , a c c o m p l i s h m e n t s 
h a v e been m a d e in the fo l lowing areas : 

• Socke t s : O C C C 1 open shoulder socket 
for a b o v e - e l b o w a m p u t e e s (Figure 2 a n d Re­
ference 8 ) . Northwes tern Univers i ty self-sus­
pens ion socket for be low-e lbow a m p u t e e s 
(Figure 3 a n d Reference 9 ) . Northwes tern 
Univers i ty a t m o s p h e r e - p r e s s u r e suspens ion 
socket for a b o v e - e l b o w a m p u t e e s (Figure 4 
a n d Reference 10) . 

• C o m p o n e n t s : External ly p o w e r e d h a n d s 
a n d h o o k s (Figure 5 a n d Reference 11) . Ex­
ternally p o w e r e d e l b o w s (Reference 12) . 
O t t o B o c k wrist ro ta tor (Figure 6) . 

• Contro l : E M G Contro l (Reference 13 
a n d 14) . H y b r i d b o d y / e l e c t r i c control (Ref­
erence 15) . S e n s o r y f eedback (Reference 16) . 

• C o s m e s i s : Endoskeletal pros theses (Fig­
ure 7 a n d Reference 17) . 

• High Bilaterals: C o o r d i n a t e d feeder 
a r m s (Figure 8) . 

1.) Ontario Cripple Children's Centre, Toronto, Canada 



Fig. 5. Ex te rna l ly P o w e r e d T e r m i n a l D e v i c e s , Fig. 6. T h e O t t o B o c k Electr ic Wris t R o t a t o r . 

Fig. 7. T h e O t t o Bock Endoske le ta l U p p e r - L i m b 
P r o s t h e s i s . 

Fig. 8, E lec t r ica l ly P o w e r e d P ros thes i s With C o ­
o r d i n a t e d M o t i o n Be tween Wris t a n d E l b o w . 



Future N e e d s 

T h e r e are several o ld but g o o d a n d yet un­
done ideas for i m p r o v e m e n t of upper - l imb 
pros theses . Cons ider ing recent a c c o m p l i s h ­
ments a s well, I see future needs for the field 
as fall ing into two m a j o r items: 

• P a c k a g i n g : O n l y an es t imated 50 per­
cent of a r m a m p u t e e s wear pros theses . N e d 
Sharp ies ' s t u d y (20) revea led that whatever 
we can d o mechanica l ly ( funct ional ly) for 
unilateral a r m a m p u t e e s is not nearly a s im­
por tant a s what we can d o for them c o s m e ­
tically ( soc ia l ly ) . With this in mind , it seems 
to m e that w e h a v e to " p a c k a g e " pros theses 
better to achieve greater a m p u t e e accept­
ance . T h i s includes w o r k 1) on i m p r o v e d 
prosthet ic skin mater ia l , 2) se l f - suspension, 
3) se l f -containment , a n d 4) general aesthe­
tics. 

• High Bilateral Prostheses : It is readi ly 
a c k n o w l e d g e d that high b i la tera ls—chi ldren 
a n d a d u l t s — p r e s e n t a m o s t ser ious a n d diffi­
cult p r o b l e m . In contras t to unilateral a r m 
a m p u t e e s a n d s o m e low level bi lateral a m p u ­
tees, the chal lenge to increase function of 
these peop le is a large one . I see future needs 
including 1) a s s i s tance in enabl ing them to 
use their feet wherever poss ible , 2) increase 
in function of c o m p o n e n t s , 3) increase in 
control capabi l i ty without a d d e d encum­
brance in mental w o r k necessary by the a m ­
putee , a n d 4) c o m m e r c i a l ava i lab i l i ty of 
c o m p o n e n t s a n d s y s t e m s . 

G o a l s 

It s eems to me that the g o a l s a r e difficult 
to ach ieve , but can b e s ta ted s i m p l y a s : 

• For unilateral a r m amputees : m a k i n g 
them feel g o o d a b o u t themselves! 

• For bi lateral a r m amputees : g iv ing them 
a m e a s u r e of independence! 
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THE CURRENT STATUS AND FUTURE 
NEEDS IN LOWER-LIMB PROSTHETICS 

Alvin Muilenburg, C.P.O. 

T h e current s ta tus of lower- l imb prosthet ­
ics deserves high pra i se a s a result of y e a r s of 
h a r d w o r k b y dedicated indiv iduals in the 
a r e a s of research, deve lopment , a n d educa­
tion. In 1946, when I first b e c a m e involved 
in prosthet ics , there were no formal educa­
tion p r o g r a m a v a i l a b l e . Tra in ing on the job 
w a s the only w a y to b e c o m e invo lved . It w a s 
a b o u t this time that the A m e r i c a n Orthot ic 
a n d Prosthet ic A s s o c i a t i o n began to d e v e l o p 
into a m o r e profess ional organizat ion , a n d 
thus b e g a n to c o o r d i n a t e m o r e effectively 
the efforts of indiv idual prosthet i s ts and 
orthot i s t s . 

In 1947 a n d 1948 the Veterans A d m i n i s t r a ­
tion a n d the A m e r i c a n Orthot i c a n d Pros ­
thetic A s s o c i a t i o n s p o n s o r e d a series of 
a b o v e - k n e e suct ion socket "schools ," that 
were held at selected locat ions throughout 
the country . 

A O P A r e c o m m e n d e d the es tabl i shment of 
the A m e r i c a n B o a r d for Cert i f icat ion in 
Ortho t i c s a n d Prosthet ics in 1949 to ensure 
that prosthet i s ts , orthot is ts , a n d facilities 
special iz ing in prosthet ics a n d orthot ics meet 
certain s t a n d a r d s of excellence. 

In 1953, the first of the formal univers i ty-
level short term courses b e g a n at the Univer­
sity of Ca l i forn ia in L o s Ange les . In 1955, 
the pilot c o u r s e in a b o v e - k n e e prosthet ics fit­
ting a n d a l ignment w a s held at the Univers i ­
ty of Ca l i forn ia , Berkeley . T h i s w a s followed b y a series of courses at the Univers i ty 
of Ca l i forn ia at L o s Ange le s a n d N e w Y o r k 

Univers i ty , a n d later at Northwes tern Uni­
vers i ty . 

T h e s tudies in l o c o m o t i o n and b i o m e c h a n ­
ics m a d e at Berkeley g a v e a new a n d under­
s t a n d a b l e m e a n i n g to lower- l imb prosthet ­
ics, especia l ly in fitting a n d al ignment , 
which led to the a b o v e - k n e e quadr i la tera l 
socket , the pate l la - tendon-bear ing be low-
knee pros thes i s , a n d the use of the a d j u s t a b l e 
leg a n d transfer equ ipment . T h e s e techniques 
a n d dev ices a r e still in use t o d a y . 

T h e cont inuing educat ion type of course 
offered b y the universit ies enabled the p r a c ­
ticing prosthet is t to i m p r o v e his abi l i ty to 
c o m m u n i c a t e with others in the medical 
field. T h e team a p p r o a c h to m a n a g e m e n t of 
a m p u t e e s w a s in troduced a n d accepted . 
G o o d pre-prosthet ic care a n d correct fitting 
of the socket , correct a l ignment of the c o m ­
ponents , a l o n g with proper training of the 
a m p u t e e resulted in m o r e funct ional pros the­
ses. Very little stress w a s put on special knee 
joints a n d exotic mater ia l s . Frict ion-type 
knee control for a b o v e - k n e e pros theses a n d 
a well a l igned foot a n d ankle p r o v i d e d the 
b a s i c necessit ies . 

Prosthet i s ts ga ined m o r e conf idence in fit­
ting, a n d I could fit mos t a m p u t e e s except 
those with very p o o r s t u m p s , those in p o o r 
phys ica l condit ion, or those that were psy­
chologica l ly m a l - a d j u s t e d . However , a s we 
all k n o w , no pros thes i s is g o o d enough . It 
can a l w a y s be better; a chal lenge that intri­
gues not only the prosthet ist but the phys i -



cian, therapist , a n d engineer a s well. O v e r 
the pas t y e a r s m a n y new c o m p o n e n t s a n d 
mater ia l s h a v e been deve loped through p r o ­
g r a m s s p o n s o r e d b y the Veterans A d m i n ­
istrat ion, the Rehabi l i tat ion Serv ices A d m i n ­
istrat ion, the Nat iona l Institute of Heal th , 
the Chi ldren's B u r e a u , the D e p a r t m e n t s of 
the A r m y a n d the N a v y , a n d b y indiv idual 
prosthet i s ts a n d pr iva te m a n u f a c t u r e r s . Un­
til recently the overal l p r o g r a m w a s coord in ­
a ted b y the C o m m i t t e e on Prosthet ics Re­
search a n d D e v e l o p m e n t of the N a t i o n a l A c ­
a d e m y of Sciences . C P R D deserves much 
credit for the p r o g r e s s m a d e by p r o v i d i n g 
s t imulat ion a n d g u i d a n c e to the v a r i o u s re ­
search a n d deve lopment g r o u p s . 

T h e prosthet ist h a s a v a i l a b l e a wide selec­
tion of c o m p o n e n t s a n d mater ia l s , a n d at 
times it is difficult to determine which to use . 
Even with help of C P R D w e still h a v e m a n y 
i tems that h a v e never p r o v e n to be qui te sa t ­
i s fac tory . Prosthet is ts w h o h a v e tried the 
new i tems still h a v e m a n y of them on their 
shelves after field testing p r o v e d them not to 
be sa t i s fac tory . W e a l so h a v e m a n y c o m p o n ­
ents a l ready des igned which could be m o r e 
sa t i s fac tory if des ign changes to i m p r o v e 
function a n d reliabil ity were i n c o r p o r a t e d . 
Extens ive eva luat ion of all new c o m p o n e n t s 
for pros theses is essential . 

Even with a sa t i s fac tory state-of- the-art 
we are still searching for i m p r o v e m e n t s — a s 
w e should . D u r i n g this meet ing we are here 
to m a k e decis ions a s to future needs in low­
er- l imb prosthet ics . Th i s is not a n y e a s y 
task . I h a v e been act ively engaged in fitting 
pros these s for 30 y e a r s and still find it diffi­
cult to define accurate ly indiv idual needs . T o 
help in our d iscuss ion on lower- l imb p r o s ­
thetics, I mai led a ques t ionnaire to 150 ran­
d o m l y selected prosthet i s t s . I received 50 re­
turns . M a n y of these re spondents went to 
cons iderab le effort to express their op in ion 
a s to the current needs. 

Before we d i scuss the results of the re­
turns, let us first cons ider the c o m p o n e n t 
which is c o m m o n to all lower- l imb pros the ­
s e s — the foot . E v e r y d a y , all ac t ive pros the ­
tists d i scuss shoes and prosthet ic feet with 
new and old wearers . T h e p r o b l e m of heel-
height adjus tment affects every a m p u t e e . 
Th i s lack of ad jus tment together with ques ­
t ionable foot and ankle funct ions of the de­

vices a v a i l a b l e t o d a y leaves the d o o r open 
for further research. A s Char l i e D a n k m e y e r 
so apt ly s ta ted , "The S A C H foot is not the 
p a n a c e a for all the prosthet ic foot p r o b ­
lems." 

During the past several years what de­
velopments have been the greatest aid 
towards your fitting of the lower-limb 
amputee in each of the following cate­
gories listed on a priority basis? ( S o m e 
listings will s h o w the percentage of 
c o m m e n t s related to the total . ) 

Fitting techniques and procedures: 
C a s t i n g techniques (2 a n d 3 piece B K ) 

A d j u s t a b l e legs a n d b iomechanc i s 
P T B a n d P T S type pros theses 
C h e c k socke t s ( transparent ) 
T o t a l - c o n t a c t socke t s 
E x p a n d a b l e liner for S y m e s ' pros thes i s 
V a c u u m forming 
Ultral ight B K pros theses 

Components: 
M o d u l a r S y s t e m s 

K n e e m e c h a n i s m s (Safety , O H S , Mult ip lex , 
etc.) 
Feet (Greiss inger a n d B o c k m o l d e d single 
axis ) 

Materials: 
T h e r m o p l a s t i c s (Pelite, p o l y p r o p y l e n e , etc . ) 
F o a m s ( B o c k duplc iat ing) 
Acry l i c resins 
U l t r a - D i p 

If you were given the time and resources 
to do research on projects relating to lower-
limb prostheses, what would be your 
choices? 

C a s t i n g techniques ( A K a n d B K ) 
S u s p e n s i o n in general , a n d specif ical ly 
for the ger iatr ic pat ient 
C o s m e s i s — E n d o s k e l e t a l , soft t issue a n d 
skin 
A K knee jo ints 
Socket mater ia l s 
A n k l e Jo ints 



During your daily practice when do you 
find yourself saying, "There must be a better 
way"? 

C a s t i n g A K 
S u s p e n s i o n (geriatric A K ) 
M a i n t a i n i n g fit ( v o l u m e changes ) 
Patient in format ion a n d / o r mis infor­
m a t i o n 
Ger ia tr ic fitting 
S A C H foot 

What developments in components do 
you think are most needed for: 

Below-knee prostheses? 
Foot l ightweight, art iculat ing 
S o c k e t a n d insert m a t e r i a l s — s m o o t h , 
resilient, a n d tough 
C o s m e t i c c o v e r s 
S u s p e n s i o n for o b e s e pat ients a n d 
others 
M o d u l a r c o m p o n e n t s 

Knee-disarticulation prostheses? 
K n e e m e c h a n i s m 
O U t s i d e joints with friction 
C o s m e t i c c o v e r s 
S t r o n g m o d u l a r c o m p o n e n t s 

Above-knee prostheses? 
Lightweight c o m p o n e n t s 
K n e e m e c h a n i s m s 
H y d r a u l i c devices 
C o s m e t i c c o v e r s 
H i p jo ints 
K n e e m e c h a n i s m s for children 
S tronger m o d u l a r des igns 

Hip-disarticulation prostheses? 
Stronger hip joint 
Better cosmet ic cover for endoskeleta l 
pros theses 
C a s t i n g technique 

Other? 
C o s m e t i c c o v e r s 
S y m e s ' feet 
H y d r a u l i c ank le 
Better too l s for inside m e a s u r e m e n t s 

In what areas is there the most need for 
improvement in measuring and fitting tech­
niques? 

2 5 % - A b o v e - k n e e cast ing a n d m e a s u r ­
ing 

5 % - A b o v e - k n e e v o l u m e m e a s u r i n g 
O b e s e patient handl ing a n d t issue 
T i s s u e e v a l u a t i o n 

In your experience what is your opinion 
concerning the present general status of the 
following services as they affect lower-limb 
fitting? 

Surgical 
2 8 % G o o d 
34% N e e d s i m p r o v e m e n t 

.06% P o o r 
Pre-prosthetic care 

. 08% G o o d 
3 2 % N e e d s i m p r o v e m e n t 
26% P o o r 

.04% N o n e 
Post-prosthetic care 

2 2 % G o o d 
26% N e e d s i m p r o v e m e n t 
3 0 % P o o r 

What changes or additions to our educa­
tional programs do you think could be made 
to improve patient handling of the lower-
limb amputee? 

14% - M o r e course s on p r o p e r patient 
handl ing 
1 2 % - M o r e course s for therapis ts a n d 
nurses 
M e d i c a l t ermino logy 
Better internship p r o g r a m s for pros the ­
tists 
M o r e in format ion a b o u t the c a u s e a n d 
effect of v a s c u l a r p r o b l e m s a n d skin dis­
o r d e r s a s they relate specif ically to a m ­
putees wear ing pros theses . 

S U M M A R Y 

In s u m m a r y , the future needs in lower-
l imb prosthet ics is not too m u c h different 
than it h a s been for y e a r s . T h e r e is a need for 
i m p r o v e m e n t of c o m p o n e n t s , especial ly 
knee jo ints for a b o v e - k n e e l imbs , better feet. 



s tronger but lighter m o d u l a r c o m p o n e n t s , 
better soft t issue a n d skin cover ing , etc. W e 
h o p e that research will be cont inued a n d 
c lose c o m m u n i c a t i o n a m o n g the peop le in­
v o l v e d will be mainta ined . T h e eva luat ion 
p r o g r a m shou ld be renewed. 

T h e r e s p o n d e n t s to the ques t ionnaire 
s tressed the need for better m e t h o d s to eval ­
ua te t issue t issue a s it reacts to the prosthes i s 
dur ing use . W e need better m e t h o d s for m e a ­
sur ing a n d m a k i n g impress ions . T h i s is an 
a r e a that h a s not been stressed in research 
p r o g r a m dur ing the pas t few y e a r s . 

M a n y a r e concerned a b o u t the concentra­
tion on c o m p o n e n t s and m o r e expens ive 
i tems when patient handl ing skil ls a r e m o r e 
i m p o r t a n t . I w o u l d like to quote G r e g Gruman, w h o a d d e d this c o m m e n t to the ques ­
t ionnaire: 

"I think w e can d o a m u c h better j o b 
even with no i m p r o v e m e n t s in techni­
q u e s or c o m p o n e n t s . People w h o re­
ceive prosthet ic c a r e w h o are proper ty 
fitted a n d trained will h a v e g o o d suc­
cess . T h o s e w h o get off to a b a d start 
m a y never be ab le to recover . E m p h a ­
sis on total care' is needed. 
T o o often a patient will b l a m e p o o r 

p e r f o r m a n c e on the prosthes is , i .e. , 
'This socket never did fit right!' T h e y 
seem to feel that if they had a different 
foot or belt or other changes , that they 
w o u l d w a l k normal ly , or feel that a 
different prosthet is t or facility w o u l d 
m a k e them w a l k better. T h i s wishful 
thinking, or hop ing for a miracle , only 
c a u s e s p r o b l e m s for e v e r y o n e in­
v o l v e d . M a y b e w e a s fitters a l so h a v e 
too great a faith that new c o m p o n e n t s 
will so lve o u r p r o b l e m s , someth ing 
that on ly i m p r o v e d skil ls can a c c o m p ­
lish." 
T h o u g h t s were a l so expressed that too 

m u c h time a n d m o n e y can be spent d e v e l o p ­
ing expens ive i tems. W e don't want to bui ld 
a s ix-mil l ion do l lar pros thes i s when funds 
are not a v a i l a b l e in a great m a n y cases to 
p a y for what can be fitted at the present 
t ime. 

P e r h a p s s o m e of the thoughts expressed 
are too conserva t ive . H o w e v e r , the pane l s 
invo lved are well selected a n d we h o p e that 
they will d e v e l o p ideas a n d projec t s that will 
lead to better pros theses a n d better patient 
care for a m a j o r i t y of lower- l imb a m p u t e e s . 



UPPER-LIMB ORTHOTICS 

H. Richard Lehneis 

T h e complex i ty of the funct ions p r o v i d e d 
b y the h a n d s a n d u p p e r l imbs necessari ly 
m a k e s u p p e r - l i m b orthot ics a very extensive 
a n d d iverse a r e a in pract i ce . A n a t t e m p t is 
m a d e here to categor ize the v a r i o u s a r e a s of 
u p p e r - l i m b orthot ics . 

U p p e r - l i m b Orthot i c S y s t e m s 

A n u m b e r of inst i tut ions h a v e d e v e l o p e d a 
sys t em of u p p e r - l i m b orthot ics which in all 
c a s e s is b a s e d on a b a s i c o p p o n e n s or thos i s 
to which v a r i o u s c o m p o n e n t s a r e a d d e d for 
amel ior iza t ion of specific indiv idual impair ­
ments (2) . All s y s t e m s include v a r i o u s pre ­
hension or thoses , including external ly ener­
gized s y s t e m s for v a r i o u s levels of quadriplegia. 

T h e s e s y s t e m s are best suited in the m a n ­
agement of per ipheral nerve injuries a n d 
other d i seases , e .g . , po l io , Gui l ian B a r r e , in 
which part ia l or comple te recovery is antici­
p a t e d , a s well a s for quadr ip leg ic pat ients . 
T h e s y s t e m s a r e app l i ed not only to enhance 
function, but a l s o to protect the h a n d in a 
funct ional pos i t ion a n d to prevent contrac ­
tures while recovery takes p lace . 

Lis ted in chronolog ica l order of d e v e l o p ­
ment, the s y s t e m s are: 

1. W a r m S p r i n g s S y s t e m , deve loped at the 
G e o r g i a W a r m S p r i n g s F o u n d a t i o n (Fig. 1). 

2. R a n c h o L o s A m i g o s S y s t e m , d e v e l o p e d 
at the R a n c h o L o s A m i g o s Hosp i ta l , 
D o w n e y , Ca l i forn ia (Fig. 2 ) . Fig. 1. Warm Springs-type basic opponens orthosis 



Fig. 2. Rancho-type opponens orthosis with dorsal-wrist support 

3. Engen S y s t e m , deve loped at the T e x a s 
Institute for Rehabi l i ta t ion a n d Research , 
H o u s t o n , T e x a s (Fig. 3 ) . 

4. I R M - N Y U S y s t e m , deve loped at the In­
stitute of Rehabi l i tat ion Medic ine , N e w 
Y o r k Univers i ty Medica l Center (Fig. 4 ) . 

C o m p o n e n t s for the latter two s y s t e m s are 
a v a i l a b l e through suppl iers for indiv idual 
a d a p t a t i o n to pat ients . 

Pre - fabr ica ted Spl ints 

T h i s c a t e g o r y includes r e a d y - m a d e 
spl ints , a v a i l a b l e f rom a n u m b e r of m a n u ­
facturers such a s Bunnell spl ints f r o m 
Weniger , v a r i o u s rest ing a n d pos i t ioning 
spl ints f rom O E C , Z i m m e r , etc . , and other 
devices for activit ies of dai ly l iving f rom 
R T C , S a m m o n s , a n d others (8) . While 
s o m e of these devices serve a very useful 
funct ion, e .g . , a d a p t i v e devices for activi­
ties of dai ly l iving, s o m e spl ints m a y in 
fact be cons idered harmful b e c a u s e of im­
p r o p e r pos i t ions i m p o s e d by certain de­
s igns . 

A c u t e ( T e m p o r a r y ) Spl int ing 

C o n s i d e r e d in this area are devices which 
are app l i ed in cases where immedia te splin­
ting is d e m a n d e d , e .g. , soft t issue t r a u m a , 
burns , etc. , or in cases where p r o g r e s s i v e 
changes in joint a l ignment are necessary . 
M o s t often this k ind of spl inting is p r o v i d e d 
by pract i t ioners other than the or thoped ic 
surgeon (7), i .e . , occupat iona l a n d physical 
therapists , general pract ioners , a n d nurses . 
M a t e r i a l s used for these p u r p o s e s are: 

1. Low Temperature Thermoplastics 
A n increasing n u m b e r of low temperature 

thermoplas t i c s h a s b e c o m e a v a i l a b l e which, 
in general , lend themselves very well to this 
appl i ca t ion since they are easi ly hand led a n d 
require a m i n i m u m a m o u n t of equipment 
(Fig. 5). Each pos se s se s unique physical char­
acterist ics such as color, stiffness, t ranspar­
ency, t emperature range , etc. 

2. Plaster of Paris 
Plaster cas t s are often appl ied a s a t empor-



Fig. 3. Engen-type opponens orthosis with volar-wrist support: 

Fit. 4. IRM-NYU type opponens orthosis with dorsal-wrist support and metacarpal phalangial extension 
stop 



ary m e a s u r e in an emergency setting to s tabi ­
lize a joint, or in p r o g r e s s i v e correct ion of 
contracted joints . 

Pre - fabr ica ted spl ints are useful when the 
p r o g n o s i s for patient recovery is g o o d , in­
d icat ing short term use of an orthos i s , or in 
cases when the patient a w a i t s the fitting of a 
m o r e permanent or thos i s f rom the orthot is t . 

Spec ia l C a s e s 

While most upper - l imb i m p a i r m e n t s a n d 
injuries can be m a n a g e d with or thoses a n d 
spl ints included in the three categor ies cited 
a b o v e , there are certain special cases in 
which very little p r o g r e s s has been m a d e a n d 
in which orthot ics m a n a g e m e n t is cons idered 
general ly p o o r . T h e s e cases are: 

1. Hemiplegia 
Current orthot ic m a n a g e m e n t of hemiple­

g ia pat ients is confined to the fitting of a 
stat ic hand-wris t or thos i s to prevent flexion 
contractures a n d / o r the fitting of an a r m 
s u p p o r t sl ing to prevent shoulder s u b l u x a ­
tion a n d / o r pa in . O c c a s i o n a l l y , p a s s i v e pre­
hension or thoses which are m a n u a l l y oper­
ated h a v e been fitted to selected pat ients 
with mixed success . 

2. Rheumatoid Arthritis 
Both the G e o r g i a W a r m S p r i n g s F o u n d a ­

tion under the direction of Dr . Rober t Ben­
nett a n d the Univers i ty of Mich igan h a v e de­
ve loped a n u m b e r of or thoses specif ical ly de­
s igned for the r h e u m a t o i d arthrit ic patient . 
H o w e v e r , there is a general lack of a sys ­
tematic a p p r o a c h to orthot ic m a n a g e m e n t of 
the v a r i o u s pa thomechan ica l condi t ions p r o ­
d u c e d b y r h e u m a t o i d arthrit is . 

Fig. 5. Low temperature plastic splint (courtesy Maude Malik, O T R ) . 



3. Burns 
While s o m e exciting w o r k has been done 

in special burn centers a n d in part icu lar by 
M a u d e M a l i c k in splinting the burned upper 
l imb to prevent contractures , pat ients seen in 
other locales are p r o b a b l y not treated o p ­
timally with or thoses . 

T r e n d s for Future Research a n d 
D e v e l o p m e n t 

T h e r e are three m a j o r a r e a s which re­
quire future research a n d deve lopment . 

Orthot i c s in Sp ina l C o r d Les ions 

D u e to i m p r o v e d medical care , m a n y 

in prosthet ics which resulted in a three-jaw 
chuck type of pinch, which is the mos t fre­
quent ly used prehens ion pat terns in normal 
use (1). It should be recognized that the 
quadr ip leg i c patient is anyth ing but n o r m a l 
in the terms of the k inemat ics of upper - l imb 
function due to w e a k n e s s in pract ical ly all 
e lements of the k inemat ic chain. 

Furthermore , the patient lacks sensory 
f eedback a n d must rely entirely on v isual 
f eedback to handle objects . With this in 
m i n d it w o u l d be extremely useful to review, 
or conduct a new s t u d y of, prehens ion pat ­
terns specific to the quadr ip leg ic patient , 
cons ider ing his overal l w e a k n e s s and other 

m o r e sp ina l -cord- injured pat ients surv ive 
than w a s the case in the pas t . Consequent ly , 
we are seeing m o r e quadr ip leg ic pat ients (9), 
a n d , the d e m a n d for i m p r o v e d a n d extended 
orthot ic services is increasing. 

1. Review of Prehension Patterns for Or­
thotics 

Tradi t iona l ly , the des ign of functional up­
per- l imb or thoses is b a s e d on earlier research 

features unique to him, e .g . , the need for 
transfer act iv i ty f r o m wheel-chair while 
wear ing the or thos i s b e c a u s e it gets in his 
w a y or it m a y be d a m a g e d in the p r o c e s s . 
Th i s d i s c o u r a g e s pat ients from using an or­
thosis full-t ime. B a s e d on such bas ic mot ion 
research, or thoses might be des igned to p r o ­
v ide prehens ion pat terns , e .g. , lateral pinch, 
which w o u l d not, or only minimal ly , inter­
fere with other activit ies , yet enhance v isual 
f eedback . 

Fig. 6. IRM-NYU multiple degree of freedom electric arm orthosis 



2. Develop Multi-degree of Freedom 
System for High-Level Quadriplegics 

While mult iple degree of f reedom or thoses 
h a v e been d e v e l o p e d by v a r i o u s inst i tutions, 
n a m e l y R a n c h o L o s A m i g o s Hosp i ta l (10), 
T I R R (3), a n d I R M - N Y U (5), only a few p a ­
tients h a v e benefitted f r o m such devices . 
Further, it a p p e a r s that there is a need to 
e v a l u a t e these or thoses c o m p a r a t i v e l y a n d 
to incorporate the best features of the sys ­
tems in an orthos i s which is b a s e d on kine­
mat i c cons iderat ions of the quadr ip leg i c a s 
sugges ted a b o v e . A l s o , cons iderat ion shou ld 
be g iven to a sy s t em which gu ides the h a n d 
with the prehensi le device through an X - Y - Z 
c o o r d i n a t e sys tem, b y - p a s s i n g the a n a t o m ­
ical jo ints . S u c h a sys tem m a y reduce the 
n u m b e r of contro l s necessary a n d is, con­
ce ivably , a s impler mechanica l s y s t e m . 

3. Evaluation of Manipulators 
T h e eva luat ion of m a n i p u l a t o r s which ig­

nore the patient's exist ing extremity 
complete ly h a s been initiated recently at the 
Univers i ty of Ca l i forn ia , L o s Ange le s (9) . 
T h i s s h o u l d be e n c o u r a g e d s o that their use ­
fulness can be determined a n d further devel­
o p m e n t be under taken if indicated in lieu of, 
or a s an a l ternat ive to, or thoses . 

4. Evaluation of Environmental Control 
Systems 

A n increasing n u m b e r of env ironmenta l 
control s y s t e m s is b e c o m i n g a v a i l a b l e c o m ­
mercial ly a n d through research l a b o r a t o r i e s . 
A great need exists to del ineate the a d v a n ­
tages of the v a r i o u s s y s t e m s with specific in­
d icat ions for use not only between the var i ­
ous env ironmenta l control s y s t e m s , but a l s o 
in c o m p a r i s o n to external ly energized upper -
l imb or thoses or m a n i p u l a t o r s . 

5. Design and Development of Control 
Systems 

For the m o s t part , e lectromechanical con­
trol s y s t e m s h a v e been used in orthot ic de­
vices (Fig. 7). T h e s e are , however , l imited 
b e c a u s e ac tuat ion of the t ransducers requires 
a certain m a g n i t u d e of force a n d d i sp lace ­
ment . It is, therefore, bel ieved that further 
invest igat ion of other control s y s t e m s shou ld 
be exp lored such a s : 

a. Myoe lec tr i c m a p p i n g of the facial a n d 
neck a r e a s to determine which musc les are 
best suited for the control of an orthot ic de­
vice or env ironmenta l control s y s t e m with­
out interference of other funct ions or inad­
vertent o p e r a t i o n ( l l ) . T h i s s h o u l d include 
the s t u d y of conduct ion p h e n o m e n a which 
h a s been d e m o n s t r a t e d exper imenta l ly in 
p icking u p myoelectr ic potent ia l s f rom 
musc le s through remote ly loca ted elec­
trodes . T h i s w o u l d a id in the cosmet ic con­
s iderat ions of e lectrode p lacement in the 
neck a n d facial a r e a s . 

b. Electroencephalographic control 
K a l k s t e i n at I R M - N Y U ( 4 ) recently d e m ­

ons tra ted the t empora l re lat ionship b e ­
tween E E G a n d E M G output in real time 
through filtering of e x t r a n e o u s noise . T h i s 
deve lopment a p p e a r s to h a v e real potent ia l 

Fig. 7. Electromechanical head and shoulder control 
switches for multiple-degree-of-freedom powered 
electric arm orthosis 



in devis ing a control sy s t em b a s e d on EEG. 
Further research in this a r e a shou ld be en­
c o u r a g e d to des ign a computer i zed recogni­
tion s y s t e m of the E E G s ignal in q u a d r i ­
plegic pat ients for control l ing orthot ic or 
other devices . 

Spec ia l C a s e s 

1 . Hemiplegia 
Present research conducted under the Re­

habi l i tat ion Serv ices A d m i n i s t r a t i o n a n d the 
Veterans A d m i n i s t r a t i o n in electrical s t imu­
lation of the hemiplegic hand a n d a r m at 
R a n c h o L o s A m i g o s Hosp i ta l , the Univers i ty 
of L j u b l j a n a , a n d C a s e Western Reserve Uni­
vers i ty s h o u l d be cont inued . 

2. Rheumatoid Arthritis 
Research in this a r e a shou ld be great ly ac ­

ce lerated to p r o v i d e this type of pat ient with 
an or thos i s which not only prevents further 
deformity , but a l so enhances function with­
out interfering with activit ies of da i ly l iving. 
A t present there seems to be no sys temat ic 
a p p r o a c h to this p r o b l e m . 

3. Burns 
T h e role of orthot ics in treatment of b u r n s 

to prevent contrac tures shou ld be clearly de­
fined. T h e m e t h o d s present ly a v a i l a b l e at 
burn centers s h o u l d be d i s seminated to all 
pract i t ioners deal ing with the orthot ic m a n ­
a g e m e n t of b u r n s . 

Serv ice De l ivery 

Del ivery of orthot ics services for the 
u p p e r - l i m b s h o u l d b e i m p r o v e d through the 
fo l lowing. 

Centra l fabr icat ion facilities shou ld be en­
c o u r a g e d to p r o v i d e this service . 

Pre- fabr icated or thoses a n d spl ints should 
be vas t ly i m p r o v e d to c o n f o r m with ac ­
cepted principles of h a n d pos i t ion a n d func­
tion a n d b e m a d e a v a i l a b l e to the medical , 
orthot ics , a n d therapies pro fes s ions . 

Profess iona l roles of the occupat iona l 
therapist a n d orthot is t s h o u l d be m o r e clear­
ly identified in terms of the type of services 
p r o v i d e d b y each profes s ion . 

T r a i n i n g of orthot is ts a n d other profes ­

s iona l s p r o v i d i n g orthot ics services shou ld 
be great ly acce lerated, part icu lar ly in view 
of the ever- increas ing sophis t icat ion of 
m u l t i - p o w e r e d a n d env ironmenta l control 
s y s t e m s . T h i s is a part icu lar ly crucial a r e a 
s ince servic ing of such s y s t e m s will u l t imate­
ly b e c o m e prob lemat i ca l if orthot ics training 
d o e s not include cons iderat ion for these sys ­
tems. 

Ear ly fitting of orthot ic devices is at least 
a s essential a s it is in prosthet ics to prevent 
contrac tures a n d to enhance m a x i m u m utili­
zat ion of orthot ic devices . 
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LOWER-LIMB ORTHOTICS 

Melvin Stills, C.O. 

T h e pract ice of lower- l imb orthot ics v a r i e s 
c o n s i d e r a b l y throughout N o r t h A m e r i c a . 
H o w e v e r , there are three b a s i c types of or­
thoses a v a i l a b l e : convent ional meta l -and-
leather, m o l d e d plast ic , a n d electrical 
s t imulat ion devices . 

T h e design of convent ional m e t a l - a n d -
leather sys t ems has not changed much over 
the p a s t several years . T h e use of a l u m i n u m 
a n d p r e f o r m e d c o m p o n e n t p a r t s p r o b a b l y 
represents the mos t significant i m p r o v e m e n t 
ach ieved in this a p p r o a c h to orthot ics . C o n ­
vent ional meta l -and- leather or thoses still en­
joy w i d e s p r e a d u s a g e throughout N o r t h 
A m e r i c a , but p last ics h a v e begun to at ta in 
p o p u l a r i t y in the fabr icat ion of m a n y types 
of lower- l imb orthoses , par t i cu lar ly for cor­
rection of ank le a n d foot p r o b l e m s . 

T h e Orthopedic Appliance Atlas (6) 
publ i shed in 1952 , refers to over a dozen dif­
ferent types of p last ics for use in orthot ics , 
but m o s t of these mater ia l s p r o v e d not to be 
very useful in orthot ics a n d prosthet ics , a n d 
p las t ics did not find m u s h u s a g e in the field 
until 1968, when G o r d o n Y a t e s publ i shed a 
p a p e r in Orthopaedics: Oxford (13) in which 
he d i scussed the use of p o l y p r o p y l e n e a n d 
A B S in orthot ics . Fo l lowing Dr . Yates ' visit 
to the United S t a t e s in 1969, the use of ther­
m o p l a s t i c s b e g a n to increase, s lowly at first, 
but b y the mid-70's , s o m e f o r m of p las t ics 
cou ld b e found in m o s t orthot ic facilities in 

N o r t h A m e r i c a . 
T h e r m o s e t t i n g resins such a s the po lyes ­

ters, acryl ics , a n d epoxies were app l i ed with 
cons iderab le success in prosthet ics , a n d were 
carr ied over natura l ly into orthot ics . 
H o w e v e r , thermosets could not wi ths tand 
the cont inued high impact a n d flexion 
stresses that occur in an orthos i s dur ing 
a m b u l a t i o n a n d , thus, cons iderab le b r e a k ­
a g e occurred . 

W h e n t h e r m o p l a s t i c s s u c h a s 
p o l y p r o p y l e n e , polyethylene , A B S , etc. 
were first used in orthot ics , m a n u f a c t u r e r s 
were a s unfami l iar with their app l i ca t ion as 
were orthot is ts . Research w o r k e r s found 
that thermoplas t i c s h a d v a r y i n g degrees of 
flexibility, impact strength, color , a n d form-
abi l i ty . Select ion of the a p p r o p r i a t e 
mater ia l w a s difficult. T o d a y , w e h a v e over 
100 different u s a b l e mater ia l s to c h o o s e 
f rom, a n d n u m e r o u s var ia t ions of e a c h . 

P o l y m e r s , b o t h thermosett ing a n d ther­
m o p l a s t i c , are n o w used widely in the field 
of orthot ics . 

Dr . R ichard Lehneis a n d his staff at the In­
stitute of Rehabi l i tat ion Medic ine (5) h a v e 
contr ibuted m u c h to the a d v a n c e m e n t of the 
use of thermosets in orthot ics . Dr . Lehneis 
d id not s imply subst i tute p last ics for meta ls , 
but he used a concept of total contact to im­
p r o v e function by a p p l y i n g pressure direct­
ly. T h e so l id-ankle orthos is (Fig. 1), the 



s u p r a c o n d y l a r knee-ankle- foot or thos i s (Fig. 
2) , the s u p r a c o n d y l a r knee orthos i s , a n d the 
l a m i n a t e d a b o v e - k n e e orthos i s a r e but a few 
e x a m p l e s . 

v i d e s M - L control , a n d pressure in the 
popl i tea l a r e a prevents excess ive recurvatum. A n addi t iona l a d v a n t a g e is that 
v a r i o u s types of shoes can be w o r n with this 
s y s t e m wi thout modi f i ca t ion of the shoes . 

T h e s u p r a c o n d y l a r knee orthos i s ( S K O ) is 
a spin-off f r o m the S K A . By v irtue of its 
des ign, the knee is control led in the M - L 
p lane , a n d b y app l i ca t ion of a three-point-
p r e s s u r e s y s t e m , genu r e c u r v a t u m is con­
trol led. 

T h e so l id -ankle orthos i s is des igned to im­
mobi l ize the ankle - foot complex a n d is in­
d icated in cases where ank le m o t i o n p r o ­
duces p a i n or to control or reduce severe 
spast ic i ty . It w a s f o u n d that the total con­
tact, a n d the fact that pres sure is d is tr ibuted 
over a large a r e a , c a u s e the patient to ga in 
better pos i t ion sense through sensory feed­
b a c k . 

T h e s u p r a c o n d y l a r knee-ankle- foot or­
thosis ( S K A ) can be used a s a subst i tute for 
the convent iona l knee-ankle- foot or thos i s 
( K A F O ) . It permits free knee flexion, p r o ­
v ides a knee extension m o m e n t in the s tance 
p h a s e , p r o v i d e s rigid ank le control in b o t h 
the medio- la tera l a n d the anter ior-poster ior 
p lanes; the extension a b o v e the knee p r o ­

With the addi t ion of convent iona l metal 
knee joints , the l a m i n a t e d s ingle-bar or thos i s 
(Fig. 3) a n d the laminated d o u b l e - b a r a b o v e -
knee orthos i s (Fig. 4) were deve loped . T h e 
single b a r is app l i ed in cases of severe genu 
v a l g u s or v a r u s , a n d r e c u r v a t u m is easi ly 
contro l led . T h e p las t i c - laminate knee-ankle-
foot or thos i s can be subst i tuted for the con-

Fig. 1. Laminated solid ankle-foot orthosis 

Fig. 2. The supracondylar knee-ankle-foot or­
thosis laminated 



Fig. 3. Laminated single-bar knee-ankle-foot or­
thosis. 

Fig. 4. Laminated double-bar above-knee orthosis 

Fig. 5. The spiral ankle-foot-orthosis developed 
at the Institute for Rehabilitation Medicine, N e w 
York University. This particular unit was formed 
from polypropylene. The original design used the 
clear acrylic nylon thermoplastic known as Plexi­
dur. 

vent ional meta l -and- leather orthos is , a n d 
the laminated q u a d r i c e p s section p r o v i d e s 
great ly i m p r o v e d function through m o r e 
c o m f o r t a b l e weight-bearing , better control 
of the hip, i m p r o v e d cosmes i s , a n d the abil i­
ty to interchange a w ide v a r i e t y of shoes . 

T w o m e t h o d s h a v e been devised for the 
handl ing of thermoplast ics : h a n d - f o r m i n g or 
v a c u u m - f o r m i n g techniques. H a n d - f o r m i n g 
is c o m m o n l y used when w o r k i n g with 
acryl ic ny lons such as Plexidur b e c a u s e of 
difficulties that occur in v a c u u m - f o r m i n g . 

T h e I R M spiral A F O (Fig. 5) is one e x a m ­
ple of a h a n d - f o r m e d thermoplast ic device . 
T h i s sy s t em is intended for the totally flail 
ankle- foot complex . T h e orthos i s completes 
a 360 deg . turn a r o u n d the extremity a n d 
p r o v i d e s control led plantarf lex ion, dorsiflexion, evers ion, a n d invers ion of the foot . 
T h e hemispiral is a modi f icat ion in that it 
m a k e s a 180 deg. turn a r o u n d the l imb a n d is 
des igned to p r o v i d e control aga ins t equ ino 
v a r u s . 

Polyolef ins , such as p o l y p r o p y l e n e a n d 
polyethylene , are easi ly a d a p t e d to orthot ics 
a n d can be m o l d e d either by hand or by 
v a c u u m forming techniques. 



Fig. 6. The molded polypropylene ankle-foot-or-
thosis developed at the Texas Institute for Reha­
bilitation and Research. 

Fig. 7. Molded polypropylene ankle-foot or­
thosis. 

T h e p o l y p r o p y l e n e c o r r u g a t e d dorsiflexion assis t , or T I R R A F O (3) (Fig. 6) a s it is 
p o p u l a r l y referred to, w a s d e v e l o p e d a b o u t 
1968 b y T h o r k i l d Engen at the T e x a s In­
stitute for Rehabi l i tat ion a n d Research . T h e 
present d a y T I R R ankle - foot or thos i s evo lv ­
ed f rom several different des igns over a 
per iod of t ime. M r . Engen used total contact 
a n d the abi l i ty to control rigidity in the or­
thosis to effect contro l of the ankle- foot a n d 
to i m p r o v e a m b u l a t i o n . T h e T I R R device 
p r o v i d e s dorsi f lexion ass ist a n d a d d e d 
medio la tera l control of the ankle . T h e 
sys t em weighs a p p r o x i m a t e l y 4 oz . a n d per­
mits a large selection of s h o e s a s long a s heel 
height is mainta ined . M r . Engen h a s carr ied 
the concept of the p o l y p r o p y l e n e c o r r u g a t e d 
dors i f lexion ass ist to include other des igns 
such a s knee-ankle- foot or thoses h a v i n g 
either s t a n d a r d metal knee joints or plast ic 
jo ints . 

V a r i o u s v a c u u m forming techniques h a v e 
been utilized in the deve lopment of orthot ic 
s y s t e m s . O n e m e t h o d a l l o w s for the h a n d 

d r a p i n g of the mater ia l over the model a n d 
the app l i ca t ion of a v a c u u m through the 
m o d e l . 

N u m e r o u s or thoses of v a r y i n g des igns 
h a v e been d e v e l o p e d us ing these two techni­
ques . T h e m o l d e d ankle - foot or thos i s (Fig. 7) 
is in total contac t with the pos ter ior a n d 
p l a n t a r sur face of the foot a n d is an effective 
m e a n s of control l ing the ankle , subta lar , a n d 
forefoot . Rig idi ty is control led b y geometr ic 

s h a p e , cross -sect ional area , a n d selection of 
mater ia l s . T h e use of thermoplas t i c s a n d 
v a c u u m f o r m i n g techniques permit s the 
fabr ica t ion of or thoses with v a r y i n g 
a m o u n t s of rigidity a b o u t the ank le (Fig. 8 ) . 
In addi t ion , ank le pos i t ioning can be used ef­
fectively to p r o d u c e either a knee flexion or 
extens ion m o m e n t dur ing the s tance p h a s e of 
gai t (Fig. 9 ) . T o t a l contact i m p r o v e s 
c o s m e s i s in that the orthos i s can be covered 
with a s tock ing or a b o o t , or it m a y be 
pa in ted (10) . 



Fig. 8. Rigidity about the ankle of a molded A F O is controlled by geometric shape, thickness, 
and properties of the material used. 

Fig. 9. Two views showing the effect of ankle alignment of an A F O on control of the knee joint. The vertical line repre­
sents the actual weightline of the subject. 



T h e staff at R a n c h o L o s A m i g o s Hosp i ta l 
has deve loped a n a d j u s t a b l e ankle- foot or­
thosis (Fig. 10) which enables the eva lua t ion 
of the effectiveness of ank le pos i t ioning dur­
ing a m b u l a t i o n , a n d at the s a m e time, m a i n ­
tains the a d v a n t a g e of light weight . 

T h e r m o p l a s t i c s h a v e a l s o been used effec­
tively in the treatment of fractures of the 
long b o n e s of the lower l imb. Dr . A u g u s t o 
S a r m i e n t o , Univers i ty of M i a m i , is using O r -
thoplas t , a synthetic b a l a t a , to p r o v i d e cir­
cumferent ia l control of a fracture site (Fig. 
11) . He h a s f o u n d that it is not necessary to 
u n l o a d total ly an extremity in order to p r o ­
v ide g o o d m a n a g e m e n t of fractures (1). T h e 
staff of the K r u s e n Center for Research a n d 
Engineering, has f o u n d that the addi t ion of 
an anterior sect ion to the m o l d e d ankle- foot 
or thos i s (Fig. 12) achieves c ircumferential 
control , a s well. Both of these m a n a g e m e n t 
techniques permit the pat ient to a s s u m e 
m o r e n o r m a l act iv i ty i n a s m u c h as conven­
tional f o o t w e a r m a y be worn , the pat ient 
can bathe regular ly , the sys t ems are light in 
weight , and open w o u n d a r e a s are easi ly 
cared for while b o n y a l ignment is mainta in­
ed (11) . 

Fig. 10. Adjustable ankle-foot orthosis developed 
at Rancho Los Amigos Hospital. 

Fig. 11. Ankle-foot orthosis custom molded in 
place with synthetic balata used for management 
of tibial fractures. 

Fig. 12. Ankle-foot orthosis custom molded of 
polypropylene for management of tibial frac­
tures. 



T h e r m o p l a s t i c s are especial ly useful in the 
orthot ic m a n a g e m e n t of the knee . T h e use of 
mater ia l s such a s p o l y p r o p y l e n e and low 

densi ty po lyethy lene permit the d e v e l o p ­
ment of s y s t e m s that can total ly immobi l i ze 
the knee joint aga ins t flexion, extension, 
v a l g u s , a n d v a r u s (Fig. 13) . Low-dens i ty 
po lyethy lene is very useful when rigidity a n d 
flexibiltiy a r e des ired in the s a m e or thos i s . 
G e o m e t r i c s h a p e , due to contour ing of the 
l imb a n d the add i t ion of c o r r u g a t i o n , c a u s e s 
the orthos i s to be rigid in b o t h p lanes , but 
c ircumference can be increased or decreased 
to a c c o m o d a t e swell ing that might occur as a 
result of q u a d r i c e p s rupture or joint bleeding 
s e c o n d a r y to hemophi l ia . Lightweight 
s y s t e m s of this s a m e des ign h a v e been used 
in the orthot ic m a n a g e m e n t of pat ients with 
m u s c u l a r d y s t r o p h y a n d a r t h r o g r y p o s i s . 

M o l d e d k n e e - a n k l e - f o o t o r t h o s e s 
( K A F O ' s ) with mechanical knee joints (Fig. 
14) h a v e f o u n d w i d e s p r e a d u s a g e b e c a u s e 
total contact p r o v i d e s better control of the 

ank le a n d knee. T h e y are light in weight, a p ­
p r o x i m a t e l y 960 g r a m s or just over 2 lbs . , 
depend ing u p o n the size a n d weight of the 
pat ient . Bi lateral m o l d e d K A F O ' s i m p r o v e 
a n d increase mobi l i ty , a n d better l imb con­
trol a n d increased endurance are faci l i tated 
by their use . 

Fractures of the femur h a v e a l s o been 
m a n a g e d by the use of the m o l d e d K A F O , 
but the staff at R a n c h o L o s A m i g o s Hosp i ta l 
(9) h a s taken a rather unique a n d s o m e w h a t 
different a p p r o a c h in that they permit full 
knee and hip flexion while p r o v i d i n g full cir­
cumferent ial control (Fig. 15) . T o t a l hip con­
trol h a s been p r o v i d e d with thermoplas t i c 
pelvic hip femoral devices . Extens ive b r a c ­
ing, such as thorac ic-hip-knee-ankle- foot or­
thosis can p r o v i d e a l m o s t comple te im­
mobi l i za t ion of the long b o n e without a d ­
d ing excess ive weight or bu lk . 

U n i q u e s y s t e m s are a l so a v a i l a b l e for 
orthot ic m a n a g e m e n t of children, by s imply 
modi fy ing the s y s t e m s deve loped for adu l t s . 

Fig. 13. Molded low density polyethylene K A F O 
for total immobilization of the knee joint. 

Fig. 14. Molded polypropylene-polyethylene 
K A F O . 



Fig. 15. K A F O used in management of femoral 
fractures. Pelvic hip femoral orthosis for proxi­
mal femoral fracture immobilization. 

Fig. 16. Ankle-foot orthosis with anterior sup­
port used for patients with myodysplasia. 

C ircumference can be increased easi ly to ac ­
c o m m o d a t e for growth , a n d if m a x i m u m 
length of the lever a r m is p r o v i d e d at the in­
itial fitting, g r o w t h of 2 to 3 inches can be ac ­
c o m o d a t e d . 

T h e use of m o l d e d plast ics with children 
requires c lose superv i s ion to prevent the oc­
currence of pres sure a r e a s , a n d the d e v e l o p ­
ment of de formity m a y be reduced . 

T h e convent iona l m e t h o d of brac ing the 
child that h a s m y e l o d y s p l a s i a is with metal -
and- leather in the form of a h ip-knee-ankle-
foot or thos i s ( H K A F O ) . John G l a n c y (4) h a s 
descr ibed a n a l ternate m e t h o d us ing ther­
m o p l a s t i c s (Fig. 16) . T h e "sol id-ankle" or­
thosis uses the f loor react ion principle to 
p r o d u c e a knee extension m o m e n t dur ing the 
s tance p h a s e of gai t . 

M o b i l i t y a i d s for children a l s o fall under 
the heading of lower- l imb orthoses; they are 
s u p p o r t i v e , correct ive , a n d ass i s t ive . T h e 
child with sp ina bif ida must encounter the 
s a m e dai ly life experiences a s a n o r m a l child 
in order to h a v e n o r m a l psycho log ica l 
g r o w t h , but the child with sp ina bif ida re­
quires special care f r o m birth. S y s t e m s h a v e 
been deve loped by Col in M c L a u r i n , D o u g l a s 
H o b s o n , W a l l y M o t l o c h , a n d Dwight 
Driver , (8 ,12 ,7 ) to p r o v i d e mobi l i ty to this 
c lass of pat ients . With these sys t ems (Figs. 17 
a n d 18) , the child can be held safely , can sit 
a n d learn a b o u t his s u r r o u n d i n g s b y use of 
head a n d eye m o v e m e n t s , sit independently 
a n d use his a r m s a n d hands , m o v e a b o u t a n d 
exp lore , then s tand , a n d for the first time not 
be required to a l w a y s look u p . 

T h e mos t recent new a p p r o a c h to b r a c i n g 
h a s been in the f o r m of functional electrical 
s t imulat ion (FES) for pat ients with upper 
m o t o r neuron d i sorders (2) . T w o s y s t e m s a r e 
a v a i l a b l e : surgical ly implanted a n d external­
ly app l i ed (Fig. 19) . T h e fact that the p a ­
tient's reflex a r c is intact enables the 
per ipheral nerves a n d musc les to receive 
s t imulat ion . S t imula t ion is triggered by a 
foot switch as the heel l eaves the g r o u n d . 
T h e anter ior musc les are s t imulated , caus ing 
dors i f lexion, until heel strike occurs a g a i n . 
Both external a n d internal sy s t ems require 
c o n s i d e r a b l y m o r e research a n d d e v e l o p ­
ment be fore rout ine clinical app l i ca t ion can 
be expected . Research is a l so being con-



Fig. 17. Memphis Rehabilitation Engineering 
Center plastic upright positioner orthosis— 
(PUP). 

Fig. 18. PUP system with mobility cart. 

Fig. 19. Patient with peroneal functional electri­
cal stimulation device in place. The electrodes in 
this case are external to the body. 

ducted to a s s e s s the effects of F E S in conjunc­
tion with external orthot ic m a n a g e m e n t . 
M u s c l e re sponse var ies a m o n g pat ients , but 
a p p e a r s m o r e effective in the p r o x i m a l jo ints 
a n d seems to i m p r o v e overal l a m b u l a t o r y 
funct ion. 

T h e current d e c a d e has been o n e of 
t r e m e n d o u s c h a n g e in the field of orthot ics . 
M e t h o d s of pat ient e v a l u a t i o n h a v e i m p r o v ­
ed, result ing in m o r e a c c u r a t e detai led 
descr ipt ion a n d class i f icat ion of patients' 
dys funct ion . N e w mater ia l s a r e b e c o m i n g 
a v a i l a b l e that lend themselves to un ique or­
thotic m a n a g e m e n t . T e c h n i q u e s of f a b r i c a ­
tion a r e changing , permit t ing c u s t o m des ign­
ing of orthot ic s y s t e m s , which m a y a p p e a r 
s imple a n d uncomplex , but ac tua l ly require 
cons iderab le k n o w l e d g e for prescr ipt ion 
d e v e l o p m e n t a n d fabr icat ion . T h e orthotist 
of t o d a y cannot be just a n ar t i san , skil led at 
fabr icat ion , but he or she m u s t be 
k n o w l e d g e a b l e in the a r e a s of a n a t o m y 
p h y s i o l o g y , mater ia l s , a n d engineering prin­
ciples . 



In addi t ion , there must be free a n d open 
c o m m u n i c a t i o n a m o n g all m e m b e r s of the 
clinical t e a m — p h y s i c i a n s , surgeons , orthotists, nurses , therapis ts , engineers , a n d 
psycho log i s t s . Research d i s seminat ion a n d 
educat iona l p r o g r a m s are m a n d a t o r y in 
order to faci l i tate the uti l ization of orthot ic 
s y s t e m s a n d techniques . T h e A m e r i c a n 
A c a d e m y of Orthot i s t s a n d Prosthet i s ts h a s 
a s s u m e d responsibi l i ty for content a n d a d ­
minis trat ion of cont inuing educat ion in the 
Uni ted S ta te s , not only for the orthot ist , but 
for a n y m e m b e r of the clinical team. Pract i ­
t ioners a r e kept u p to d a t e with new techni­
ques , p r o c e d u r e s , mater ia l s , a n d s y s t e m s a s 
they a r e d e v e l o p e d . 

T h e respons ib i l i ty for educat ion of those 
w h o are entering the field of orthot ics is left 
to the univers i t ies . It is not the p u r p o s e of 
the univers i ty to teach fabr icat ion of every 
dev ice a v a i l a b l e , but to d e v e l o p a b a s i c 
k n o w l e d g e of concepts a n d principles of or­
thotic m a n a g e m e n t a n d , through g o o d af­
filiation p r o g r a m s , r o u n d out the s tudents ' 
educat ion . Like all other profess ions , the orthotist's experience real ly beg ins when he or 
she enters clinical pract i ce a n d cont inues 
throughout the profess ional career. 

A d v a n c e m e n t in lower- l imb orthot ics is 
dependent not only u p o n our cont inuat ion 
of research but a l s o on our abi l i ty to 
d i s seminate a n d transfer k n o w l e d g e ga ined 
through research to the orthot ic pract i t ioner . 
Wi thout the transfer of informat ion , our 
research will be of little v a l u e . 
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SPINAL ORTHOTICS 

Allen S. Edmonson, M.D. 

T h e r e a r e at least two pertinent q u e s t i o n s 
which can serve a s an introduct ion to this 
topic . First, is it poss ib l e to ac tua l ly i m m o b i ­
lize the spine with an or thos i s that the p a ­
tient can to lerate? S e c o n d , in a t t empt ing to 
immobi l i ze the spine with a n orthot ic device , 
can the n o r m a l differences in p o s t u r e of the 
spine f r o m s tand ing to sitt ing be a c c o m o d a t ­
ed in the fit? 

W e shou ld cont inue to a s k m o r e ques t ions 
than w e answer , c h o o s e s o m e of the better 
ones a n d get on with it. 

K e e p i n g these ques t ions in mind , w e will 
l o o k at spinal or thoses of two b a s i c types: 1) 
those for general immobi l i za t ion of the spine 
a n d 2) those which h a v e special ized g o a l s . 
By general immobi l i za t ion , I m e a n the or­
thoses for painful b a c k s , p o s t o p e r a t i v e or­
thoses a n d pos t in jury or those s . Under or tho­
ses for special ized g o a l s , w e will d i scuss 
those concerned with specific p r o b l e m s such 
a s scol ios is , k y p h o s i s a n d spinal cord injur­
ies. 

Spinal or thoses general ly a r e classif ied ac ­
cording to the a n a t o m i c a l a r e a s to which 
they are app l i ed . W e will d i scuss them under 
cervical , thoracic , t h o r a c o l u m b a r a n d lum­
b o s a c r a l ( and I a m a w a r e of C T L S O ) . T h e 
presentat ion of each a r e a will be b r o k e n 
d o w n into or thoses which are n o w a v a i l a b l e 
a n d or thoses for future needs . For those n o w 
a v a i l a b l e , w e will a s k w h a t they ac tua l ly a c ­
compl i sh a n d if there a r e deficiencies. 

O R T H O S E S N O W A V A I L A B L E F O R T H E 
C E R V I C A L S P I N E 

Beginning at the top with cervical ortho­
ses, those which are n o w a v a i l a b l e are of 
several types: the v a r i o u s types of co l lars 
including the fu l l -molded plast ic col lars , the 
four -pos ters , the two-pos ters , the S O M I ' s 
a n d , by extending the definition of orthoses , 
the ha lo jacket a n d ha lo cast . 

C o l l a r s (Figs. 1 A - B ) h a v e been used for a 
long t ime a n d can be r e a s o n a b l y comfor t -

Fig. 1A: So f t c o l l a r ( f o a m ) a n d B : H a r d c o l l a r ( p o l y e t h y l e n e ) . ( F r o m A m e r i c a n 
A c a d e m y of O r t h o p a e d i c S u r g e o n s : Atlas of Orthotics: Biomechanical Principles 
and Application, S t . L o u i s : T h e C . V . M o s b y C o . , 1 9 7 5 , p . 3 6 1 . ) 



Fig. 2: Four-poster orthosis in A: flexion and B: extension. (From American Academy 
of Orthopaedic Surgeons: Atlas of Orthotics: Biomechanical Principles and Applica­
tion, St. Louis: The C . v. Mosby Co . , 1975, p. 362.) 

Fig. 3: Custom-molded orthosis. (From American 
Academy of Orthopaedic Surgeons: Atlas of Or­
thotics: Biomechanical Principles and Applica­
tion, St. Louis: The C . V . Mosby Co . , 1975, p. 
363.) 

ab le . T h e y limit either flexion or extens ion 
a n d can be des igned or a d j u s t e d to d o o n e or 
both , but they don't immobi l i ze . T h e y d o 
very little to limit ro ta t ion . T h e y a r e r e m o v ­
able b y the pat ient for c o m f o r t a n d for hy­
giene. 

T h e four -pos ter b r a c e (Fig. 2) , a n d s o m e 
better two-pos ter braces , are m o r e compl i ­
cated devices which general ly g ive better 
control of the h e a d with l imitat ion of r o t a ­
tion. When fitted tightly aga ins t the chin a n d 
occ iput , they a r e relat ively u n c o m f o r t a b l e 
for the pat ient a n d m a n y require frequent re­
a l ignment . T h e S O M I b r a c e a l s o a c c o m ­
plishes the s a m e function a n d is p o s s i b l y a 
little m o r e c o m f o r t a b l e , but like the others is 
r e m o v a b l e by the pat ient . In general , the ef­
ficiency of this g r o u p of b r a c e s is directly re­
lated to the a m o u n t of chin-occiput pres sure 
for which they a r e fitted. 

O f the r e m o v a b l e co l lars , the Phi lade lphia 
or m o l d e d or thos i s (Fig. 3) which encloses 
the neck, chin, occ iput a n d b a s e of the neck 
is p r o b a b l y the m o s t efficient. It g ives better 
l imitat ion of ro ta t ion c o m b i n e d with l imita­
tion of flexion a n d extens ion than the ord i ­
n a r y co l lars . It can be m a d e r e a s o n a b l y c o m ­
fortab le . 



Fig. 4: Halo cast. Fig. 5: Halo-vest assembly (halo jacket). (From 
brochure on "Halo Traction Equipment," Ace 
Orthopedic C o . , Hawthorne, California.) 

T h e only or thos i s , if I m a y call it that , 
which c o m e s c lose to the theoretical "total 
immobi l i zat ion" is the ha lo cast (Fig. 4 ) . T h e 
h e a d is r igidly held b y the ha lo which is a t ­
tached to a snug cast on the t o r s o . It o b v i ­
o u s l y d o e s not "total ly immobi l ize" the cer­
vical sp ine , but is v e r y efficient. 

T h e r e m o v a b l e h a l o jacket (Fig. 5) which 
is be ing m a r k e t e d , a n d with which I h a v e 
h a d n o first h a n d experience, at least poten­
tially c a n be harmfu l . If b y a p p l y i n g a ha lo 
to the skul l , y o u i m p l y that the instabi l i ty of 
the cervical sp ine is s ignif icant , then an effi­
cient i m m o b i l i z a t i o n dev ice is needed. T h e 
h a l o jacket s y s t e m a l l o w s the poss ib i l i ty of 
loosen ing or par t ia l r e m o v a l of the jacket b y 
the pat ient a n d d a n g e r o u s a l terat ion of pos i ­
t ion of the h e a d . T h e l ong lever a r m a t tached 
rigidly to the h e a d just a b o v e the spinal in-

stabi l i ty , w o u l d seem to m a g n i f y the r isk 
a n d s tress to the uns tab le s egments . Th i s is 
an empir ic concern, a n d I don't real ly k n o w 
whether it h a s p r o v e n to be real . P e r h a p s , 
s o m e of the p a r t i c i p a n t s of this w o r k s h o p 
can shed light on this. 

Future N e e d s in the C e r v i c a l A r e a 

F r o m the phys ic ian's s tandpo in t , I w o u l d 
like to see a m e t h o d of immobi l i za t ion of 
f lexion, extens ion a n d ro ta t ion wi thout skul l 
penetrat ion . F r o m the pat ient 's s tandpo in t , 
three qual i f i cat ions s h o u l d be met: 1) the or­
thosis s h o u l d be r e a s o n a b l y c o m f o r t a b l e , 2) 
the pat ient s h o u l d h a v e the abi l i ty to conti­
nue his o c c u p a t i o n , a n d 3) the pat ient s h o u l d 
h a v e r e a s o n a b l e abi l i ty to remain c lean. 



Fig. 6A: Jewett Brace—front. Fig. 6B: Jewett Brace—side. 

Fig. 6C: Jewett Brace—rear. 

O R T H O S E S N O W A V A I L A B L E F O R T H E 
T H O R A C I C A N D T H O R A C O L U M B A R 
S P I N E 

I will d i scuss these together. W e h a v e 
three b a s i c types: 1) the Jewett (Figs . 6 A - C ) , 
which prevents flexion pr imar i ly in the tho­
r a c o l u m b a r a r e a , 2) the long T a y l o r (Figs . 
7 A - C ) , which is r e a s o n a b l y efficient in pre ­
vent ing flexion, extension a n d lateral m o ­
tion, a n d 3) the c o w - h o r n b r a c e , which ac­
compl i shes m u c h the s a m e . T h e r e are b a s i c 
deficiencies in or thoses for the thoracic spine 
in that unless a cervical or thos i s is a t tached 
rigidly, there is little s u p p o r t or immobi l i za ­
t ion a b o v e 1-7 or T-8 . T h e or thoses which 
are des igned to limit f lexion are r e a s o n a b l y 
efficient when proper ly fitted. L o n g T a y l o r 
or thoses can s u p p o r t the sp ine in extens ion 
a l s o but are efficient only when very tightly 
app l i ed a r o u n d the s h o u l d e r s a n d the ax i l lae . 



Fig. 7A: Long Taylor Brace—front. Fig. 7B: Long Taylor Brace—side. 

Fig. 7C: Long Taylor Brace—rear. 

Future N e e d s in the T h o r a c i c a n d 
T h o r a c o l u m b a r A r e a 

Future needs for the phys ic ian are: 1) bet­
ter m e t h o d s of immobi l i za t ion of the upper 
half of the thoracic spine , a n d 2) s o m e m e a n s 
of mainta in ing immobi l i za t ion a n d s u p p o r t 
while a l lowing changes in p o s t u r e f r o m 
s tand ing to sitt ing. A g a i n , the patient is 
l ook ing for r e a s o n a b l e comfor t , the abi l i ty 
to cont inue his w o r k a n d r e a s o n a b l e m e a n s 
of mainta in ing g o o d hygiene . 

L U M B O S A C R A L O R T H O S E S 
P R E S E N T L Y A V A I L A B L E 

I h a v e g r o u p e d these since a g o o d orthos i s 
for the l u m b a r spine which does not inc lude 
the pelv is p r o b a b l y doesn't exist. T h e r e are 
at least three general types: 1) the Knight , 
cha i rback or low T a y l o r type, 2) the Wil­
l iam's flexion brace a n d 3) the rigid m o l d e d 
p las t ic jackets , m a n y of which are flexion 
jackets . T h e Knight (Figs . 8 A - C ) , c h a i r b a c k 
or low T a y l o r brace d o e s a r e a s o n a b l e j o b of 



Fig. 8A: Knight Brace—front. Fig. 8B: Knight Brace—side. 

Fig. 8C: Knight Brace—rear. Fig. 9A: Williams Brace—front. 



Fig. 9B: Williams Brace—side. Fig. 9C: Williams Brace—rear. 

l imit ing flexion a n d extens ion a s well a s lat­
eral bend ing . T h e W i l l i a m s (Figs . 9 A - C ) flex­
ion b r a c e l imits extens ion a n d tends to m a i n ­
tain a p o s t u r e of slight flexion. T h e rigid 
m o l d e d p las t ic or thoses (Figs . 1 0 A - D ) , espe­
cially those with inf latable p a d s a n d those 
with a c o m p r e s s i b l e lining p r o b a b l y are the 
most efficient t o w a r d a goal of immobi l iz ing 
the l u m b a r a n d l u m b o s a c r a l sp ine in all 
p lanes . A b d o m i n a l pres sure tends to u n l o a d 
the sp ine a n d , a p p a r e n t l y , is a s ignif icant 
p a r t in the increased efficiency of this type of 
or thos i s . Its chief d r a w b a c k is that these 
r ig id or thoses a r e frequent ly u n c o m f o r t a b l e 
when fitted l o w e n o u g h a r o u n d the pelv is 
a n d trochanters a n d high e n o u g h a r o u n d the 
r ibs . M a n y a d u l t s cannot tolerate this for a 
signif icant per iod of act iv i ty . For m o s t effi­
cient wear ing , a c u s t o m - m a d e a p p l i a n c e is 
p r o b a b l y necessary . T h e r e s h o u l d be s o m e 
d e b a t e on this point . 

Future N e e d s in the L u m b o s a c r a l A r e a 

A s for the future , I'd l ike to h a v e a n or tho-

sis to a c c o m p l i s h the efficient immobi l i za ­
tion of the r ig id jacket with the a b d o m i n a l 
p r e s s u r e to u n l o a d the sp ine a n d p r o d u c e 
minimal d i s c o m f o r t s o that the or thos i s can 
b e w o r n dur ing the entire w o r k i n g per iod . 

O R T H O S E S F O R S P E C I A L G O A L S 

W e n o w m o v e on to or thoses for these 
special g o a l s : treatment of sco l ios is , k y p h o ­
sis a n d sp ina l c o r d injury . 

O R T H O S E S F O R S C O L I O S I S 

T h e o r t h o s e s n o w a v a i l a b l e for sco l ios i s 
include the s t a n d a r d M i l w a u k e e b r a c e a n d a 
n u m b e r of "underarm" or thoses a n d rigid 
jackets for the trunk. T h e s e u n d e r a r m j a c k ­
ets a n d b r a c e s inc lude the rigid Lexan jacket 
f r o m P a s a d e n a , the or thop las t jacket f r o m 
the d u Pont Institute in Wi lmington a n d the 
B o s t o n p r e f a b r i c a t e d sy s t em. All are de­
s igned to treat a lateral d e f o r m i t y of the 
spine in g r o w i n g chi ldren. 



Fig. 10A: R i g i d m o l d e d p la s t i c o r t h o s i s wi th in­
f l a t ab le p a d s — f r o n t . 

F ig . 10B: R i g i d m o l d e d p l a s t i c o r t h o s i s with in­
f l a t ab le p a d s — s i d e . 

F ig . 10C: R i g i d m o l d e d p la s t i c o r t hos i s w i th in­
f l a t ab le p a d s — r e a r . 

F ig . 10D: In ter ior v i e w s h o w i n g in f l a tab le p a d s . 



Fig. 11A: Underarm prefabricated orthoses for 
scoliosis. Lumbar lordosis is also controlled— 
front. 

Fig. 11B: Underarm prefabricated orthoses for 
scoliosis. Lumbar lordosis is also controlled— 
side. 

Fig. 12A: Nine-year-old male with left lumbar 
curve of 32 degrees. 

T h e M i l w a u k e e b r a c e , which p r o d u c e d 
i m p r o v e m e n t bel ieved to be p e r m a n e n t in 
the l u m b a r , t h o r a c o l u m b a r a n d thoracic 
curves but not in upper thoracic curves , is 
n o w be ing seen in a little different light. Ser­
ies of parents f r o m both M i n n e a p o l i s a n d 
from M i l w a u k e e indicate that mos t of the 
"permanent" correct ion is eventua l ly lost ev­
en though there are o b v i o u s spec tacu lar ex­
cept ions . T h e L e x a n jacket f r o m P a s a d e n a 
a n d the or thop las t jacket f r o m Wilmington 
a l s o seem to be "holding devices" for s t o p ­
ping p r o g r e s s i o n of scol iot ic curves in g r o w ­
ing children a n d seem to offer little h o p e for 
actual i m p r o v e m e n t of the sco l ios i s . 

T h e verdict is not yet in on the B o s t o n or­
thosis (Figs . 1 1 A - B a n d 1 2 A - C ) a s for as"per-
manent improvement" is concerned. After 
only a few y e a r s of usage , it s eems to be very 
efficient in treating l u m b a r a n d t h o r a c o l u m ­
b a r curves a n d m a y p r o v e sa t i s fac tory in 
thoracic curves a l though this is still not yet 
determined. T h i s or thos i s p r o v i d e s very rig­
id immobi l i za t ion of the l u m b a r a n d thora­
c o l u m b a r spine, but a s I see it, does not al-



Fig. 12B: With plastic orthosis applied, curve 
measures 7 degrees. 

Fig. 12C: Lateral view shows almost complete 
flattening of the lumbar lordosis. 

Fig. 13A: Milwaukee brace with prefabricated 
plastic girdle. 

l o w the s a m e f reedom of act iv i ty of the 
trunk a s the s t a n d a r d M i l w a u k e e . Whether 
or not this will m a k e a difference in the long-
term results will not be determined for an­
other 10 to 15 y e a r s . Pre fabr ica ted p las t ic 
g irdles (Fig. 1 3 A ) of several types a r e ava i l ­
a b l e . In the B o s t o n s y s t e m (Figs. 1 4 A - C ) , the 
b l a n k for the girdle is constructed s o that the 
m a j o r por t ion of the u n d e r a r m orthos i s is 
a l s o pre fabr i ca ted . 

A s for the future needs for or thoses for 
scol ios is , w e are still l o o k i n g for p r o d u c t i o n 
of p e r m a n e n t i m p r o v e m e n t in the scol ios is 
a n d p e r m a n e n t i m p r o v e m e n t with the least 
restrict ion of trunk a n d total b o d y act iv i ty . 
R e m o v a l for trunk exercises seems to be im­
p o r t a n t . T h e pat ient a g a i n is look ing for cos ­
metic acceptance , g o o d hygiene a n d minimal 
restriction in act iv i ty . T h e cosmet ic a d v a n ­
tages of the u n d e r a r m b r a c e are o b v i o u s to 
everyone . If they l ive u p to their p r o m i s e , 
they m a y well be a great s tep f o r w a r d in or­
thoses for sco l ios i s . W a l l y Blount h a s 
po inted out repeated ly for m a n y y e a r s that 
u n d e r a r m b r a c e s were not effective in con­
troll ing or i m p r o v i n g sco l ios i s . 



Fig. 13B: "Fixed" lumbar pad. Fig- 14A: Blanks for prefabricated plastic girdles. 

Fig. 14B. Blanks for prefabricated plastic girdles. Fig. 14C: Another b lank for a prefabricated plas­
tic girdle. 



Fig. 15: Milwaukee brace principle for kyphosis bracing. (From Blount, Walter P., and Moe, 
John H.: The Milwaukee Brace. Baltimore: The Williams and Wilkins Co . , 1973, p. 74.) 

O R T H O S E S F O R K Y P H O S I S 

M o v i n g on to k y p h o s i s b r a c e s , the ones 
n o w a v a i l a v l e a r e two types: 1) the s t a n d a r d 
M i l w a u k e e b r a c e a n d 2) the u n d e r a r m b r a c e s 
e m p l o y i n g the flexion or an t igrav i ty princi­
ple . T h e r e is no ques t ion but that the full 
M i l w a u k e e b r a c e (Fig. 15) with control of 
the h e a d a n d neck a n d the u p p e r por t ion of 
the thoracic spine is far m o r e efficient than 
a n y of the u n d e r a r m or ant igrav i ty type 
b r a c e s . T h e m o l d e d pre fabr i ca ted pelv ic gir­
dle which is very efficient in f lattening the 
l u m b a r lordos i s , a d d e d to the regu lar Mil­
w a u k e e supers truc ture b e c o m e s the m os t ef­
ficient or thos i s for k y p h o s i s to m y knowl ­
edge . A g a i n , a s for scol ios is , for the future 
w e need a n or thos i s to p r o d u c e p e r m a n e n t 
i m p r o v e m e n t a n d restrict the act iv i ty of the 
trunk a n d the pat ient a s little a s poss ib le . In 
addi t ion , w e m u s t h a v e cosmet ic a p p e a r ­
ance . A g a i n a l so , the greater cosmet ic ac­
ceptance of the u n d e r a r m b r a c e s is o b v i o u s 
a n d w o u l d seem to be the direct ion for future 
deve lopment . 

O R T H O S E S F O R S P I N A L C O R D I N J U R Y 

T h e last a r e a to be covered is that of or­
thoses for adu l t s with spinal cord injury. I 
k n o w of no su i table or thos i s for the q u a d r i ­
plegic which can be used for other than very 

short p e r i o d s of t ime. T h i s includes or thoses 
s imilar to long T a y l o r s , m o l d e d plast ic jack­
ets a n d so on. T h e c o m b i n a t i o n of a co l laps ­
ing para ly t i c spine a n d insensit ive skin is for­
m i d a b l e . For a p a r a p l e g i c with low level a n d 
protec t ive sensat ion over the lower a b d o ­
men , a n d in the for tunate patient with sensa ­
tion a r o u n d the iliac crest, mos t of the thora­
c o l u m b a r or l u m b o s a c r a l or thoses can be 
used . P r o b a b l y the mos t frequently used is 
the Jewett type of extension orthos is which 
d o e s not d e p e n d on pres sure a r o u n d the crest 
of the i l ium or over the s a c r u m . 

While it is certainly true that a long spine 
fus ion with internal f ixat ion will p r o v i d e the 
best p e r m a n e n t stabi l i ty for the spine of a 
spinal cord injury patient , a d r e a m for the 
future in orthot ics is a spinal orthos is with a 
p r e s s u r e fit a r o u n d the pelvis a n d the thorax 
sufficient to s u p p o r t the sp ine wi thout p r o ­
duc ing skin necros is . Included in this m u s t 
be a fit a r o u n d the a b d o m e n which does not 
inhibit or restrict resp irat ion to a n y signifi­
cant degree . For pat ients with high level spi­
nal c o r d injury, a shell type modi f i ca t ion of 
the seat ing device m a y be the only r e a s o n ­
ab le answer . 

T h e s e c o m m e n t s shou ld serve a s an intro­
duct ion a n d wi thout quest ion are not all in­
c lus ive . T h e "big picture" a s I h a v e presented 
it will u n d o u b t e d l y l ook different to m a n y of 
y o u . Perhaps , the w o r k s h o p will get us into 
the p lanning or p o s s i b l y sketching s t a g e of a 
new big p icture . 



DELIVERY OF PROSTHETICS 
AND ORTHOTICS SERVICES 

CURRENT STATUS AND FUTURE NEEDS 

Ted Thranhardt, C.P.O. 

T h e finest research a n d d e v e l o p m e n t p r o ­
g r a m in a n y field of medic ine is of little v a l u e 
unless the results are m a d e a v a i l a b l e to the 
pat ients that it w a s intended to help. 

C o n s i d e r a b l e success h a s been achieved in 
this country a n d in C a n a d a in m a k i n g the re­
sults of research a n d d e v e l o p m e n t in p r o s ­
thetics a n d orthot ics a v a i l a b l e to a p p r o p r i a t e 
pat ients b y p r o v i d i n g educat iona l o p p o r t u n ­
ities to prosthet i s ts , orthot is ts , phys ic ians , 
a n d therapis ts . Yet , w e all k n o w that the de­
l ivery of prosthet ics a n d orthot ics services 
are not a s efficient a s they might be . 

Before m a k i n g r e c o m m e n d a t i o n s for 
i m p r o v e m e n t let u s l ook at s o m e of the ques ­
tions a n d facts facing pract ic ing prosthet is ts 
a n d orthot is ts . 

T o w h o m a r e the services rendered? 
• Phys ic ians? N o , that is to w h o m we are 

respons ib le for fai lure s ince the phys ic ian ex­
pects us to p e r f o r m our duties successful ly . 

• T h e pat ient? Yes, but where are these 
pat ients? What are their disabi l i t ies? H o w 

m a n y a r e there to be treated? 

Where a r e these pat ients? 
• T h e pat ients being current ly treated b y 

our exist ing del ivery sys tem a r e bas ica l ly in 
the p o p u l a t e d a r e a s . 

• "There is a universal ly accepted thesis 
that or tho t i c /pros the t i c services are used in 
direct re lat ionship to their ava i lab i l i ty a n d 
qual i ty ." 1 

• But, the pat ients a v a i l a b l e or in need of 
treatment are in every county , par i sh , a n d 
p r o v i n c e in the w o r l d . 

W h a t a r e their disabi l i t ies? 
• A m p u t a t i o n 
• P a r a l y s i s 
• Birth Defects 
• Deformit ies 
• D i s e a s e 
H o w m a n y of these pat ients a r e there? 
• A c c o r d i n g to the f igures compi l ed in 

1971 a n d 1973 b y the N a t i o n a l A c a d e m y of 
Sciences there are: 



• These f igures a m o u n t to a b o u t 7 percent 
of the p o p u l a t i o n . Th i s 7 percent f igure 
c lose ly agrees with the 7 1/2 percent f igure 
q u o t e d f r o m the United K i n g d o m . 

• 7 percent—that is what the u n e m p l o y ­
ment rate is in the United S ta te s . S h o u l d 
equal e m p h a s i s be p laced on car ing for the 
d i sab led a s the u n e m p l o y e d ? 

H o w m a n y a r e being cared for? 
• T h i s a very difficult ques t ion to a n s w e r 

accurate ly . In communi t i e s where service is 
a v a i l a b l e a n d of high qual i ty , the per cap i ta 
expendi ture is a b o u t one do l lar a n d twenty 
five cents ($1 .25) per year . T h i s c o u l d 
conce ivab ly be greater if even higher qual i ty 
services were readi ly a v a i l a b l e . 

• T h e expendi ture per cap i ta is a b o u t 
seventy cents (70c) annua l ly . 

• If these f igures are a c c u r a t e , only 56 per­
cent of the needed services are being per­
f o r m e d b y the current sy s t em. 

B y w h o m are these services being per­
f o r m e d ? 

• T h e only a c c u r a t e n u m b e r s concerning 
pract i t ioners we h a v e are concerned with 
those invo lved in the p r o g r a m of the 
A m e r i c a n B o a r d for Cert i f icat ion; a n d un­
fortunate ly there are m a n y peop le del ivering 
services w h o are not invo lved with the cer­
tification p r o g r a m . 

• T h e r e are currently a b o u t 1,600 pract i ­
t ioners certified b y A . B . C . 

C P — 36 percent 
C O — 41 percent 

C P O — 23 percent 

• Of these 1 ,600—12.5 percent h a v e b a c ­
ca laurea te level educat ion . 

• 50 percent of these h a v e high school 
educat ion or less — N O short courses , N O 
col lege level training at all . 

• 22 .5 percent of these certifees will retire 
in the next ten y e a r s (or a r e retired). 

• 50 percent h a v e been in the field m o r e 
than 20 years . 



H o w a r e these services being de l ivered? 
• T h e y are for the mos t par t de l ivered b y 

a par t - t ime , semi -profess iona l . 
• T h e y are del ivered b y a par t - t ime 

mechanic , carpenter , c r a f t s m a n . 
• T h e y are ordered b y an independent , 

better educated , oft-t imes a u t o n o m o u s , but 
not s o k n o w l e d g a b l e , phys ic ian , through a 
shy, inferiority complex r idden, under-
educa ted ( formerly) prosthet is t or orthotist 
w h o in addi t ion to pat ient care re­
sponsibi l i t ies , must fabr ica te the devices in 
his "shop." 

• N o t every pract i t ioner fits the a b o v e 
descr ipt ion just a s every clinic a n d phys ic ian 
certainly does not , but the n u m b e r s of p r o ­
sthetists , orthot ists , phys i c ians a n d clinics 
that d o certainly generate the p r e d o m i n a t e 
c o l o r s of the current p icture of service 
de l ivery in prosthet ics a n d orthot ics . 

• Still 56 percent of the needed services 
a r e be ing p r o v i d e d . 

Future N e e d s 

If that is the current s tate of del ivery, w h a t 
can the future ho ld? W h a t m u s t the future 
h a v e to p r o v i d e a m o r e comple te , m o r e 
m o d e r n , m o r e realistic, m o r e economica l , 
m o r e efficient, m o r e beneficial del ivery of 
services? 

T o w h o m ? 
• W e cannot m a k e our p lans b a s e d on 

s o m e o n e curing p a r a p l e g i a or q u a d r i p l e g i a , 
but m u s t ant ic ipate there will be at least a s 
m a n y , if not more , a s medica l science pre ­
serves these l ives. T h e s a m e can be sa id of 
the other categor ies out l ined. We m u s t a s ­
s u m e w e will cont inue to be needed b y 7 per­
cent of the total p o p u l a t i o n . 

W h o will del iver these services? 
• T h e A . B . C . h a s taken the first m a j o r 

s tep in defining w h o will p r o v i d e pat ient 
care serv ice in orthot ics a n d prosthet ics with 
the u p g r a d i n g of requirements for certifica­
tion examinat ion . T h e requirement for a 
b a c c a l a u r e a t e degree will p r o v i d e the p a ­
tient, phys ic ian a n d clinic with not only a 
better educated , but m o r e self-confident, 
k n o w l e d g a b l e , full-t ime pract i t ioner of p a ­
tient m a n a g e m e n t . 

• T h i s pract i t ioner will not h a v e the 
m a n u a l trade skills so evident in current 
pract ice , a n d s h o u l d not need them. 

• Rather than trade skills the pract i t ioner 
of t o m o r r o w will h a v e a m o r e thorough 
k n o w l e d g e of the b o d y sciences, including a 
finer unders tand ing of w h a t is truly i n v o l v e d 
rather than a superficial overv i ew of the p r o ­
b lem. He will, of necessity, h a v e mechanica l 
a n d electrical concepts included in his e d u c a ­
tion. 

• H e will, in short , need to h a v e a "profes­
sional's" educat ion , responsibi l i ty , a n d at­
t i tude. T h a t educat ion will h a v e to be 
a v a i l a b l e in m a n y col leges a n d universit ies , 
not just o n e or two . 

H o w will these services b e de l ivered? 
• W e n o w get into the real charge to this 

w o r k s h o p . 
• What can research d o to faci l i tate 

de l ivery of services to the full 7 percent of 
the p o p u l a t i o n ; to the sp ina b i f ida in Pineville, Virginia , to the p a r a p l e g i c in Plains , 
G e o r g i a , to the cerebral p a l s y v ict im in Bel­
mont , N e v a d a ? 

• Research must first d e v e l o p a sys t em (or 
sys tems) of m e a s u r e m e n t a n d des ign that c a n 
be transmit ted to a fabr icat ion center or l a b ­
o r a t o r y s o rap id ly a n d s o accurate ly that the 
l a b o r a t o r y can p r o d u c e devices that fit, 
funct ion, a n d faci l i tate habi l i tat ion or re­
habi l i tat ion . 

T h e prosthet ics a n d orthot ics pract ice of 
t o m o r r o w will not h a v e a "shop" a n y m o r e 
than the dentist's treatment r o o m or the cast 
r o o m is a "shop." 

T h e dentist a n d the orthopedis t use 
m o d u l a r c o m p o n e n t s a n d w e a r e fast a p p r o ­
aching that in prosthet ics ; but there r e m a i n s 
the fabr ica t ion of the in ter face—the socket . 

O r t h o t i c s h a s not yet deve loped a 
m o d u l a r sys t em in lower l imbs a n d h a s 
touched only the sur face in u p p e r - l i m b a n d 
spinal p r o b l e m s . 

R e c o m m e n d a t i o n s 

For each a r e a of t rea tment—lower - l imb 
orthot ics , spinal orthot ics , be low-knee p r o -



sthetics, e t c . — a sys tem shou ld be d e v e l o p e d 
for m e a s u r i n g , correct ing or modi fy ing those 
m e a s u r e m e n t s , a n d transmit t ing the cor­
rected m e a s u r e m e n t s to a fabr icat ion center 
rap id ly , whether the center is 4 miles , 40 
miles or 400 miles a w a y . 

Each new device , c o m p o n e n t , technique, 
or des ign must be c o m p a t i b l e with a central 
fabr icat ion sys t em or p r o v i d e for such use . 

T h e achievement of the central p r o d u c t i o n 
s y s t e m m u s t not c o m p r o m i s e pat ient care ef­
fect iveness but m u s t enhance it. 

A s all legal contrac t s s a y "time is of the es­
sence," this sy s t em must faci l i tate r a p i d 
del ivery rather than i m p e d e it. 

In the future w e m u s t deliver our serv ices 
to all w h o need them. W e m u s t p r o v i d e these 
services to every local ity in a t imely a n d 
qua l i ty fash ion . O n l y b y a l lowing the 
pract i t ioner to pract ice his profess ion m o r e 

a n d trade less, can he reach out ot offer his 
services to m o r e people in less densely 
p o p u l a t e d a r e a s . 

At least 44 percent of the p o p u l a t i o n that 
need help is not being helped. O n l y we h a v e 
the skill, educat ion , a n d responsibi l i ty to 
c a r e for them. 

Serv ice? De l ivery? Research? Yes, they g o 
hand- in -hand! Each is dependent u p o n the 
other. 
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It is e s t imated there are 100 ,000 upper-
l imb a m p u t e e s in the United S ta te s of w h o m 
a b o u t half ac tua l ly w e a r pros theses . L a c k of 
accep tance of pros theses is a complex , mult i -
faceted subject , but it is k n o w n that p r o s ­
theses are accepted for a b o u t four reasons: 

(a) g o o d a p p e a r a n c e (cosmet ic) 
(b) useful funct ion 
(c) rel iabil ity 
(d) comfor t 

B o d y - p o w e r e d , cable -dr iven upper - l imb 
pros theses h a v e g o n e through a 25-30 year 
evo lu t ionary p r o c e s s a n d , within their l imi­
tat ions , h a v e funct ioned well. T h e y will be 
i m p o r t a n t in upper - l imb prosthet ics for 
m a n y y e a r s to come , but i m p r o v e m e n t s in 
their function a n d a p p e a r a n c e are needed. 
H o w e v e r , d r a m a t i c b r e a k t h r o u g h s in this 
a r e a seem to be unlikely. 

A m p u t e e s t o d a y h a v e high expectat ions 
for their pros theses a n d the g o a l of research 
a n d deve lopment shou ld be to create im­

p r o v e d pros theses which are funct ional a n d 
cosmet ic while a l s o being rel iable (repair free 
for one-year intervals) a n d c o m f o r t a b l e . 
P o w e r e d l imbs offer potent ia l for i m p r o v e d 
pros theses , but it is e s t imated that only one 
percent of the upper - l imb a m p u t e e s in the 
Uni ted S t a t e s currently use p o w e r e d p r o s ­
theses of a n y form. E x p a n d e d g r o w t h in this 
a r e a is expected . 

S tate -o f - the-Art 

Current s tate-of- the-art in upper - l imb 
prosthet ics pract i ce is defined to inc lude de­
vices (or sys tems) a n d techniques which are 
a v a i l a b l e t o d a y (1977) to the general a m p u ­
tee p o p u l a t i o n . State-of - the-art is s u m m a r ­
ized in T a b l e s 1 , 2, a n d 3 which relate a m p u ­
tat ion levels with s t a n d a r d pract ice . 



T A B L E 1 



T A B L E 2 



T A B L E 3 



I m p r o v e m e n t s h a v e been m a d e in upper-
l imb prosthet ics dur ing the last ten y e a r s al­
though none of these h a v e been significant 
e n o u g h to revolut ionize the field. A part ia l 
list of i m p r o v e m e n t s is a s fo l lows: 

(1) I m p r o v e d s u p r a c o n d y l a r below-elbow socket s . 

(2) I m p r o v e d a b o v e - e l b o w socket sys ­
tems. 

(3) Se l f -contained a n d se l f - suspended 
p o w e r e d pros theses . 

(4) D e v e l o p m e n t of external ly p o w e r e d 
h a n d s a n d other c o m p o n e n t s . 

(5) Myoe lec tr ic control s y s t e m s . 
Myoe lec tr ica l ly control led h a n d s for the 

b e l o w - e l b o w a m p u t e e are a v a i l a b l e through 
regular channels . P o w e r e d l imbs for the 
a b o v e - e l b o w a m p u t e e a n d the higher level 
a m p u t e e a r e a v a i l a b l e in special centers. 
Electrically p o w e r e d h o o k s , to p r o v i d e 
h o o k - h a n d interchangeabi l i ty are r e a d y for 
clinical e v a l u a t i o n . 

I m p r o v e d prosthet ics pract i ce is not limit­
ed to technology . T h e technology is here, the 
b iggest p r o b l e m concerns the transfer of the 
technology to the field (clinical pract ice ) . 
T h i s d o e s not m e a n that technical i m p r o v e ­
ments are not neces sary with exist ing de­
vices . It m e a n s that technology can out -race 
our abi l i ty to implement it in the field. 

R e c o m m e n d a t i o n s 

T h e r e are m a n y r e c o m m e n d a t i o n s which 
cou ld b e m a d e in the field of upper - l imb 
prosthet ics . O n l y a few are l isted here in or­
der to e m p h a s i z e their part icu lar impor­
tance. T h e y are listed in order of perce ived 
i m p o r t a n c e . 

1 . It is s trongly r e c o m m e n d e d that the de­
l ivery of a v a i l a b l e technology a n d tech­
niques (e .g . , b e l o w - e l b o w myoelectr ic 
prostheses ) b e p r o m o t e d act ive ly . 
(a) A T E S T (Techno logy-Extens ion-

Serv ice -Tes t ing) p r o g r a m s h o u l d be 
instituted to implement the new de­
v e l o p m e n t s . T h e T E S T p r o g r a m 
cou ld o p e r a t e s o m e w h a t a s an Ex-

tension service (e .g . , T h e Agr icu l ­
ture Exper iment S ta t ion S y s t e m ) . 
T h i s organ iza t ion w o u l d transfer 
technology to the "grass roo t s" level 
through extens ion educat ion p r o ­
g r a m s and be invo lved with over­
seeing service p r o b l e m s a n d e v a l u a ­
tion (test ing) . A c a t a l o g of a v a i l a b l e 
c o m p o n e n t s a n d sys t ems , a s well a s 
u p - d a t e d in format ion on new devel­
o p m e n t s , cou ld be p r o v i d e d b y this 
g r o u p to local prosthet i s ts , thera­
pis ts , a n d phys ic ians . 

(b) N e w prosthet ics techniques a n d sys ­
tems that h a v e been s h o w n to be 
w o r t h y shou ld be taught in the b a s i c 
a n d cont inuing prosthet ics e d u c a ­
tion p r o g r a m s of the U . S . T h e s e 
p r o g r a m s shou ld be directed t o w a r d 
the clinic t eam, pr imar i ly the prosthetist, the phys ic ian , a n d the thera­
pist . 

(c) T h e A m e r i c a n A c a d e m y of Orthotists a n d Prosthet i s ts s h o u l d p l a y an 
ac t ive role in this del ivery p r o g r a m . 

(d) T h i r d p a r t y p a y e r s (e .g . , insurance 
c o m p a n i e s , agenc ies , etc . ) shou ld be 
kept in formed of the benefits a n d 
cost of new prosthet ics pract ice . 

2 . It is r e c o m m e n d e d that a m e c h a n i s m for 
the clinical e v a l u a t i o n of new a n d exist­
ing research d e v e l o p m e n t s be e s tab­
l ished. Prov i s ion shou ld be m a d e for a 
c o o r d i n a t e d effort in this field to insure 
effective a n d efficient use of re sources . 
(a) It is especial ly i m p o r t a n t for the 

school facult ies a n d m a n u f a c t u r e r s 
a s well a s the deve lopers to be in­
v o l v e d in the eva lua t ion cycle . 

(b) T h e funct ions of the former C o m ­
mittee on Prosthet ics Research a n d 
D e v e l o p m e n t ( C P R D ) s h o u l d be re-
inst i tuted for this p u r p o s e . 

(c) T h e A A O P s h o u l d be invo lved in 
e v a l u a t i o n of u p p e r - l i m b p r o s ­
theses. 

(d) Cl inical e v a l u a t i o n s s h o u l d be per­
f o r m e d by object ive e v a l u a t o r s a n d 
not b y the deve lopers . 



3 . It is r e c o m m e n d e d that special ized cen­
ters be deve loped to p r o v i d e service a n d 
to u n d e r t a k e research concerning the 
special p r o b l e m s of the high-bi lateral 
a m p u t e e a n d other difficult c a s e s . 
(a) S u c h centers shou ld serve children 

a n d a d u l t s . 
(b) T h e s e centers s h o u l d be few in n u m ­

ber a n d c a p a b l e of handl ing multimembral a m p u t e e s . 

(c) T h e centers w o u l d p r o v i d e in forma­
tion a n d consu l ta t ion to the upper -
l imb prosthet ics field. 

(d) T h e s e centers w o u l d focus on ava i l ­
ab le technology , whatever its 
s o u r c e . A n i m m e d i a t e g o a l shou ld 
be to ob ta in for eva lua t ion the sys ­
tem d e v e l o p e d for amel ic children 
b y S i m p s o n in S c o t l a n d . 

4. It is r e c o m m e n d e d that the ach ievement 
of se l f - suspended a n d se l f -contained 
pros theses be p r o m o t e d s trongly for the 
a m p u t e e p o p u l a t i o n . 
(a) E m p h a s i s initially s h o u l d be direct­

ed t o w a r d a b o v e - e l b o w level p r o s ­
theses. 

(b) T h e use of external ly p o w e r e d el­
b o w s s h o u l d be s tudied a n d devel ­
o p m e n t expedi ted . 

(c) D r . M a r q u a r d t ' s surgical technique 
of a n g u l a r o s t e o t o m y , to increase 
suspens ion a n d rotat ional s tabi l i ty 
for a b o v e - e l b o w l imbs, s h o u l d be 
s tudied a n d r e c o m m e n d a t i o n s m a d e 
for clinical pract i ce . 

5 . T h e deve lopment of i m p r o v e d p r o s ­
thetic skin a n d soft t issue for a r m p r o s ­
theses is r e c o m m e n d e d . 
(a) Reference s h o u l d be m a d e to pre ­

v i o u s speci f icat ions p r e p a r e d b y 
C P R D for prosthet ic skin a n d soft 
t i ssue. 

(b) C o m m e r c i a l enterprise s h o u l d be 
funded to d e v e l o p an i m p r o v e d 
prosthet ic skin mater ia l . 

(c) O t h e r efforts shou ld b e recognized 
a n d s tud ied for poss ib le interim or 
long r a n g e benefit for certain s i tua­
t ions . T h e s e include efforts of O t t o 

B o c k (new g love ) , a n d of Dr . Leo­
n a r d (acryl ic coat ings ) , M r . S a u t e r 
(s i last ic) , a n d M r . Bi l lock ( latex) . 

6. It is r e c o m m e n d e d that the i m p r o v e ­
ment of b o d y - p o w e r e d upper - l imb 
pros theses not be neglected in a trend 
t o w a r d p o w e r e d pros theses . 
(a) I m p r o v e d h a r n e s s techniques which 

opt imize the effectiveness of b o d y 
m o t i o n s a r e needed . 

(b) Se l f - suspens ion techniques shou ld 
be examined for use in m a n y b o d y -
p o w e r e d pros theses . S o c k e t s , in 
general , h a v e not been g iven a d e ­
q u a t e attent ion in deve lopment la­
b o r a t o r i e s a n d in pract i ce not 
e n o u g h concern is s h o w n for inti­
m a c y of fit. 

(c) C r e a t i v e exper imentat ion with c o m ­
b i n a t i o n s of b o d y p o w e r a n d ex­
ternal p o w e r (hybrid sys tems) is 
s t rong ly e n c o u r a g e d . 

S t a n d a r d s 

N o n - i n v a s i v e , u p p e r - l i m b pros theses a r e 
not life threatening a n d p o s e no m o r e h a z a r d 
than the non-amputee ' s n o r m a l phys io log i ­
cal l imb. Mechan ica l or electric fai lure of u p ­
per - l imb pros theses n o r m a l l y p o s e n o h a z a r d 
to the user. C o n s e q u e n t l y , these devices 
s h o u l d b e exempt f r o m regula t ions . 

Future pros these s which might conta in im­
p l a n t a b l e or t r a n s c u t a n e o u s c o m p o n e n t s 
(electrical or mechanica l ) w o u l d need to be 
cons idered s epara te ly . 

L o n g - R a n g e C o n s i d e r a t i o n s 

1 . T h e deve lopment of s u b c o n s c i o u s con­
trol of pros these s h a v i n g mult iple func-



t ions is des irable . S u c h a sys t em w o u l d 
relieve the a m p u t e e , a s m u c h a s p o s s i ­
ble, of c o n t i n u o u s moni tor ing of the 
pros thes i s a n d permit s the pros thes i s to 
serve the a m p u t e e instead of the a m p u ­
tee serv ing the prosthes i s . A n u m b e r of 
technical s y s t e m s are be ing d e v e l o p e d 
for this p u r p o s e . T h e s e include: 
(a) Extended phys io log ica l p r o p r i o c e p ­

tion ( e . p . p . ) . 
(b) T r a j e c t o r y control which directs the 

endpoint (hand) a n d a u t o m a t i c a l l y 
a d j u s t s for chang ing t o r q u e s a n d 
l o a d s . 

(c) Mul t ip le a n d single myoelectr ic 
channel s ignal process ing for con­
trol of mult ip le o u t p u t s . 

(d) Neuroe lectr ic control (mult iple-
channel) f r o m n e r v o u s t issue. 

S o m e of these techniques require c o m ­
plex electronics technology . H o w e v e r , 

recent a d v a n c e s in microe lectronics 
m a k e these s y s t e m s potent ia l ly pract i ­
cal , f r o m a technical s t a n d p o i n t . 

2 . T h e deve lopment of art iculated a n d 
mult i funct ional h a n d s a p p e a r s p r o m i s ­
ing. 

3. Direct skeletal a t tachment is a l a u d a b l e 
l o n g - r a n g e g o a l in upper - l imb p r o s t h e ­
tics. 

4. I m p r o v e d bat tery des ign w o u l d b e help­
ful in upper - l imb prosthet ics . High en­
ergy a n d p o w e r densit ies a r e des irable 
to reduce weight a n d size. Increased 
r u g g e d n e s s a n d greater rel iabil i ty a r e 
a l s o needed. 

5 . T h e deve lopment of electric h a n d s that 
a r e smal ler than a n d larger than those 
current ly a v a i l a b l e is des irable . 

6. N e w prehens ion s y s t e m s such a s the 
h o o k p r o p o s e d by Bot tomley in 1966 
s h o u l d b e invest igated . 
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T h e panel w a s convened after the presen­
tat ion of the pos i t ion p a p e r s , a n d we con­
s idered the p r o b l e m s in light of the charges 
given; that is, to consider those devices cur­
rently a v a i l a b l e on the marke t , a n d those 
p e r h a p s in need of clinical eva lua t ion . We 
a t t empted to set s o m e sort of pr ior i ty in ref­
erence to the devices a n d techniques that are 
needed. W e a l s o m a d e r e c o m m e n d a t i o n s for 
research, deve lopment , educat iona l efforts, 
mater ia l s deve lopment , fabr icat ion a n d fit­
ting techniques , a n d e v a l u a t i o n p r o g r a m s . 

Surg ica l P h a s e 

For the lower- l imb a m p u t e e , it w a s the 
op in ion of the g r o u p that there w a s a great 
need to i m p r o v e the surgical technique or the 
p e r f o r m a n c e of the a m p u t a t i o n s that are 
subsequent ly fitted a n d treated by the p r o s ­
thetist a n d therapist . Ideas were expressed 
that for s o m e pat ients the prosthet ist shou ld 
be invo lved in the decis ion a s to the level of 
a m p u t a t i o n pr ior to the actual p r o c e d u r e . 
B e c a u s e a great n u m b e r of lower- l imb a m p u ­
tat ions a r e p e r f o r m e d b y general surgeons 
a n d v a s c u l a r surgeons it w a s the consensus 
that a p r o t o c o l s h o u l d be es tabl i shed for a m ­
puta t ions to yield the best poss ib l e results for 
subsequent rehabi l i tat ion. S ince the Veter­
a n s A d m i n i s t r a t i o n h a s been a leader in the 
field of prosthet ics , it w a s sugges ted that 

such a p r o t o c o l be es tabl i shed for the per­
f o r m a n c e of a m p u t a t i o n s in V A H o s p i t a l s 
(with involvement of a m p u t e e clinic teams) 
a n d this technique could then m o v e into the 
n o n - V A sector . 

T h e quest ion of selection of a m p u t a t i o n 
level for the v a s c u l a r a m p u t e e w a s a l s o dis­
cussed . A t present there are several w a y s of 
determining a sa t i s fac tory level of a m p u t a ­
tion that w o u l d be r e a s o n a b l y successful , 
such as the Xenon 133 technique, the ther­
m o g r a p h , the a n g i o g r a p h , the osc i l loscope , 
the D o p p l e r technique with its var ia t ions ; 
a n d as a clinical apprec ia t ion of sa t i s fac tory 
level, the bleeding at 3 minutes pos t - tourn i ­
quet t ime. Th i s subject w a s of such impor­
tance in the p e r f o r m a n c e of the a m p u t a t i o n 
that a s t rong r e c o m m e n d a t i o n w a s m a d e 
that a w o r k s h o p be convened , consis t ing of 
s u r g e o n s k n o w l e d g e a b l e in the field, w h o 
could then a l s o establ ish a pro toco l for the 
v a r i o u s p r o b l e m s a s s o c i a t e d with surgery . 
T h e s e w o u l d include level determinat ion in 
the v a s c u l a r case , the p lace of d isart iculat ion 
p r o c e d u r e s , a m p u t a t i o n s in children, a n d 
a m p u t a t i o n s s e c o n d a r y to t u m o r s . It is rec­
o m m e n d e d that this s a m e surgical w o r k s h o p 
p r o v i d e g u i d a n c e in the post -surgica l treat­
ment of a m p u t a t i o n s pr ior to the fitting of a 
pros thes i s . 

A g a i n recogniz ing the fact that the m a j o r ­
ity of the a m p u t a t i o n s are d o n e b y s u r g e o n s 
unfami l iar with rehabi l i tat ion techniques, 



but rather in most instances by general sur­
g e o n s a n d others , and that these ind iv idual s 
general ly d o not, a s a rule, r e a d the texts or 
b o o k s specif ically re lated to a m p u t a t i o n sur­
gery, that an effort be m a d e to reach the 
publ i shers of general surgical t e x t b o o k s such 
a s Chr i s topher , imply ing in these notif ica­
t ions that there is a great deal of new infor­
m a t i o n a v a i l a b l e in the a r e a of a m p u t a t i o n s , 
a n d that when these b o o k s are revised that 
an u p d a t e section on a m p u t a t i o n surgery be 
included. Th i s w o u l d then reach the medical 
s tudents a n d those w h o are do ing or will be 
do ing the a m p u t a t i o n s , as ide f rom the very 
smal l g r o u p that has a d e q u a t e k n o w l e d g e of 
the p r o b l e m s at the present time. 

It w a s a l s o brought to the attention of the 
g r o u p that a l though there are g o o d m e t h o d s 
of treating a m p u t e e s prior to the fitting of 
definitive pros theses , a n d a l though there ex­
ists a per iod of t ime in the pos t - surg ica l 
p h a s e where a t e m p o r a r y prosthes i s is of 
great va lue , it has been the experience of the 
surgeons present that third par ty p a y e r s , in­
c luding M e d i c a i d a n d Medicare , will not re­
i m b u r s e the patient for the cost of such p r o s ­
theses. T h e s e t e m p o r a r y pros theses are pro­
v ided in large par t b y prosthet i s ts , a n d a s the 
costs invo lved can be cons iderable , there 
shou ld be s o m e c o m m u n i c a t i o n with the 
third p a r t y p a y e r s that indicates that tem­
p o r a r y pros theses are a part of cont inuing 
medica l treatment of the a m p u t e e , a n d is 
needed a s well a s a definitive pros theses . 

Prescr ipt ion of L o w e r - L i m b Pros theses 

Prescr ipt ion of lower- l imb pros theses is 
p r o b a b l y best p r o v i d e d in the env irons of an 
a m p u t e e clinic, or in a physic ian's office. 
T h e r e is a cons iderable number of new c o m ­
ponents a n d new techniques a v a i l a b l e to the 
lower- l imb a m p u t e e during the past ten or 
fifteen years , and it w a s the opinion of the 
g r o u p that a w o r k s h o p of those involved in 
teaching and determining prescript ion prin­
ciples be held in order to s tandard ize modern 
prescr ipt ion criteria. In addi t ion , part icular­
ly in the a t m o s p h e r e of the a m p u t e e clinic, 
the prosthet is t shou ld be invited to des ignate 
a prescr ipt ion r e c o m m e n d a t i o n for the par­

ticular patient prior to the involvement of 
the phys ic ian . T h i s technique m a y a c c o m ­
m o d a t e the natural reticence of the prosthe­
tist, w h o , a s of now, ends u p second-guess ­
ing the phys ic ian in the prescr ipt ion of the 
pros thes i s . 

Leve ls of A m p u t a t i o n 

Partial Foot and Syme's Levels of Amputa­
tion 

T h e S t a t e of the Art at this level of a m p u ­
tat ion is anyth ing f rom stuffing materia l into 
the toe of a shoe to p r o v i d i n g m o l d e d plast ic 
devices , indicat ing a rather wide divergence 
of prosthet ic pract ice in a m p u t a t i o n s 
through the foot . It w a s r e c o m m e n d e d that 
the A A O P Newslet ter include a quest ion­
naire to explore the v a r i o u s so lut ions al­
r e a d y in use for this p r o b l e m , and that fol­
lowing this a small meet ing of prosthet i s ts 
w h o are invo lved in this a r e a be held at the 
time of an A A O P meet ing in order to e s tab­
lish a m o r e w o r k a b l e solut ion to this p r o b ­
lem. It w a s recognized that the Syme' s a m ­
puta t ion a n d prosthes i s present no ser ious 
p r o b l e m s at the present time but this area 
might be invo lved in the s a m e d iscuss ion . 
The Below-Knee Level of Amputation 

C o n s i d e r a b l e d iscuss ion w a s held on the 
s tate of the art . D i scuss ion concerning the 
foot revealed that the S A C H , the single axis , 
a n d the mult i -ax is (Greissenger) feet are in 
use at present . A hydraul ic foot by M a u c h is 
a p p a r e n t l y near ing comple t ion . Th i s foot de­
sign i n c o r p o r a t e s a hydraul i c joint which 
m a y i m p r o v e m a n y of the p r o b l e m s 
a s s o c i a t e d with artificial feet. It w a s further 
r e c o m m e n d e d that the des igns of the foot be 
modi f ied for the geriatric a m p u t e e a n d that 
part of this r e c o m m e n d a t i o n include the 
weight of such a foot. It w a s r e c o m m e n d e d 
that a mechanical foot be des igned that al ­
l ows dors i - a n d plantarf lex ion, invers ion 
a n d evers ion , and transverse ro ta t ion . T h e 
exist ing mult i -ax is foot does not a l low an ef­
fective range of t ransverse rotat ion . T h i s 
foot shou ld a l so include heel-height a d j u s t ­
ment in order to enable pat ients to wear 
shoes with different heel-heights and to m o d ­
ify their a l ignment . 



T h e subject of be low-knee socke t s in­
v o k e d cons iderab le d i scuss ion , reveal ing 
a m o n g other things, that the present s tate of 
the art did not a l low for a definitive clinical 
decis ion as to when the residual l imb is m a ­
ture, a n d that p e r h a p s a device to size or 
sense the l imb is needed. Foort a n d D u n c a n 
in C a n a d a a n d Herron in H o u s t o n are s tudy­
ing the p r o b l e m using p h o t o g r a p h i c tech­
niques . Th i s w o u l d a l so a l low a m o r e a p p r o ­
pr iate size of the cosmet ic cover to a p p r o x i ­
m a t e the size a n d s h a p e of the o p p o s i t e leg. 
T h e p r o b l e m of socket adjus tabi l i ty w a s a l s o 
d i scussed . A m p u t e e s w h o are children, a r e 
on c h e m o t h e r a p y , are a lcohol ics , or are geri­
atr ics with weight f luctuation p r o b l e m s 
usua l ly h a v e frequent v o l u m e changes in 
their res idual l imbs , necessitat ing m a j o r 
socket modi f icat ions , new pros theses , or re­
jection of the pros thes i s . T h e use of t empo­
rary pros theses is usual ly not economica l ly 
feasible , a n d not pract ica l for a chronic 
p r o b l e m . There fore , it is r e c o m m e n d e d that 
a m e t h o d for easi ly adjus t ing definitive sock­
et fit, par t i cu lar ly v o l u m e , be deve loped . 
T h e final technique should be ab le to m a k e 
use of the a l r e a d y fabr icated plast ic socket-
s h a n k a n d foot of the prosthes i s . A further 
p r o b l e m noted, in addi t ion to size a n d s h a p e 
changes , w a s that in g o i n g f rom s tand ing to 
sitting p o s t u r e the be low-knee a m p u t a t i o n 
s t u m p tends to ride out of the socket . T h i s 
m a y be due to either i n a d e q u a t e fitting or 
p e r h a p s the pos ter ior trim lines of the socket 
are not a d e q u a t e for change in pos i t ion . A 
s tudy of socket s h a p e and fit to control this 
p r o b l e m w a s a l s o sugges ted . 

S u s p e n s i o n of be low-knee socket s w a s felt 
to be handled at this point rather well, utiliz­
ing the v a r i o u s m e t h o d s of prov id ing sus ­
pens ion such a s the s u p r a c o n d y l a r s t r a p with 
pelvic belt, r e m o v a b l e wedge , or a s u p r a ­
c o n d y l a r s u p r a p a t e l l a r modi f icat ion . M o s t 
be low-knee a m p u t e e s could be handled b y 
o n e of these suspens ion techniques . For the 
few a m p u t e e s w h o require hinges a n d thigh 
corset , there w a s a l so d iscuss ion suggest ing 
use of p las t ic jo ints rather than metal , a n d it 
is p r o b a b l y in order to cons ider a clinical 
e v a l u a t i o n of such joints . C o s m e t i c covers 
for be low-knee pros theses w a s a l so d i scussed 
with the trend t o w a r d m o d u l a r pros theses , 

indicat ing that at present there w a s s o m e dif­
ficulty in contour ing the inside of the cover 
to a c c o m m o d a t e the socket , a l though the 
outs ide contour ing cou ld be well handled by 
mos t tools in the l imb facilities. H o w e v e r , 
the cover or cosmet ic skin for cosmet ic cov­
ers a p p a r e n t l y is well on the w a y to so lut ion 
under the direct ion of Dr . Fred L e o n a r d at 
G e o r g e W a s h i n g t o n Univers i ty with V A 
funding. Further, with the use of m o d u l a r 
c o m p o n e n t s a l ightweight, g o o d socket - to -
p y l o n coupl ing dev ice that is easi ly a d j u s t ­
ab le a n d inexpens ive is required. 

It is a l so sugges ted that weight of p r o s ­
theses be cons idered a prob lem for geriatr ics 
a n d ac t ive a m p u t e e s a n d it is no teworthy 
that the p o l y p r o p y l e n e pros theses a r e a step 
in that direct ion. It is r e c o m m e n d e d that de­
ve lopment of these l ightweight pros theses be 
further e n c o u r a g e d for appl i ca t ion of such 
p r o b l e m s . A n e v a l u a t i o n of l ightweight 
pros theses s h o u l d be conducted , including 
p o s s i b l e suspens ion a n d energy c o n s u m p t i o n 
benefits . 

T h e A b o v e - K n e e Level of A m p u t a t i o n 

T h e q u a d r i l a t e r a l - s h a p e (Berkeley) a b o v e -
knee socket has been in use for m a n y years , 
but f r o m the d i scuss ion in the g r o u p it is evi­
dent that there is a need for re-design of this 
type of socket in v iew of p r o b l e m s encount­
ered concerning the difference between geri­
atric a n d y o u n g adul t a m p u t e e s . Pat ients 
w h o h a v e large m u s c l e m a s s e s m a y need bet­
ter a c c o m m o d a t i o n for the glutei, the rectus, 
a n d the a d d u c t o r musc les . T h e height of the 
anter ior a n d lateral wall is a l so a subject rec­
o m m e n d e d for review. Since the m a j o r i t y of 
a b o v e - k n e e socket s are n o w plast ic , there is 
a l so a need for a thorough review of the 
m e t h o d s of obta in ing the mode l used for the 
definitive socket cas t . 
Knee Joints 

In the a r e a of constant friction joints it 
w a s po inted out that the Nor thwes tern "Varigait" knee has been i m p r o v e d with the use 
of better mater ia l s , a n d at present this is a 
very definite addi t ion to the lower- l imb a r m ­
a m e n t a r i u m . T h e r e is a need for brak ing , or 
yielding, knees, a n d a l though the present de-



s igns are r e a s o n a b l y g o o d , those that are 
m o r e efficient such as the K o l m a n knee, 
h a v e a noise p r o b l e m a s well a s function 
p r o b l e m s . H o w e v e r , it w a s b r o u g h t to the 
attent ion of the panel that there is a g r o u p at 
Berkeley w h o are w o r k i n g on this p r o b l e m 
a n d m a y c o m e to a so lut ion r a p i d l y . T h o s e 
in m a n u f a c t u r i n g at present h a v e a v a i l a b l e 
mater ia l s that could so lve the p r o b l e m of 
m a i n t e n a n c e at a quicker p a c e a n d with less 
effort than p e o p l e w h o a r e pr imar i ly do ing 
research in the field. It is r e c o m m e n d e d that 
funding of these m a n u f a c t u r e r s be con­
s idered in order to p r o v i d e them with the 
s t imulus to d o this part icu lar j o b . 

D i scus s ion concerning fluid control units 
revea led that the hydraul i c units are at ac ­
ceptab le levels of deve lopment , the m a j o r 
d r a w b a c k to hydraul i c units at present being 
ma in tenance p r o b l e m s . M r . M a u c h indicat­
ed that this has been a cont inuing p r o b l e m 
a n d m a y take a further per iod of t ime to 
so lve . 

D i scuss ion a l so p r o v i d e d the in format ion 
that eventual ly there well m a y be myoe lec ­
tric control of knee units to p r o v i d e locking 
in the s tance p h a s e a n d / o r increase s tance 
p h a s e s tabi l i ty . T h e r e is s o m e low prior i ty 
research go ing on in this a r e a at the present 
time, a n d it is r e c o m m e n d e d that this be con­
t inued on that pr ior i ty level. T h i s technique 
w o u l d h a v e to h a v e cons iderab le safety fea­
tures built in to it to prevent injuries that 
might p r o v o k e p r o d u c t l iability suits . 

Further d i scuss ion of the myoelectr ic situ­
at ion revealed that an electronical ly con­
trolled a d j u s t a b l e leg for the be low-knee a m ­
putee a s well a s the a b o v e - k n e e a m p u t e e 
might be a significant a d v a n c e in i m p r o v i n g 
a l ignment p r o c e d u r e s . T h i s cou ld p r o v i d e 
d y n a m i c a l ignment , so that minor changes 
cou ld b e a c c o m p l i s h e d by the patient or 
prosthet is t while the patient is walking , 
rather than h a v i n g the patient s top to c h a n g e 
the a l ignment or rotat ion . T h i s a g a i n is a low 
priori ty item. T h e r e a r e several centers 
w o r k i n g on this p r o b l e m (Univers i ty of T e n ­
nessee a n d M o s s Rehabi l i tat ion) a n d it w a s 
r e c o m m e n d e d that this w o r k be e n c o u r a g e d . 

K n e e Disart icu la t ion 

T h e r e are several s y s t e m s n o w a v a i l a b l e to 
handle the knee d isart iculat ion level with hy­
draul ic y o k e s , outs ide knee hinges, a n d four 
b a r - l i n k a g e m e c h a n i s m s . Discuss ion re­
vea led that eventual ly the four bar - l inkage 
m e c h a n i s m shou ld be perfected to the point 
where it w o u l d p r o b a b l y replace mos t of the 
other m e c h a n i s m s . Di scuss ion as to surgical 
tai loring of the s t u m p to p r o v i d e better sock­
ets revealed that this p e r h a p s should be dis­
c o u r a g e d b e c a u s e one of the v a l u e s of the 
knee d i sart icu lat ion is the large b u l b o u s dis­
tal port ion p r o v i d i n g end-bear ing potent ial 
a s well a s r o t a t o r y stabi l i ty . A n y surgical 
technique that might e l iminate these fea­
tures, in our opinion, should be d i s c o u r a g e d . 

H ip Disart icu la t ion 

Discuss ion at this point indicated that the 
p r e v i o u s rigid plast ic sockets h a v e been 
modif ied b y mos t prosthet i s ts to p r o v i d e 
m o r e flexibility, part icu lar ly on the unaffect­
ed s ide a n d it is sugges ted that p e r h a p s this 
in format ion shou ld be d i s seminated m o r e 
widely than it is a p p a r e n t l y k n o w n at pres­
ent. Techn iques for p r o v i d i n g socket flexi­
bility s h o u l d a l s o be included. D i scus s ion 
a b o u t the h ip-disart iculat ion hip joint re­
vea led that they were p r o b a b l y too w e a k in 
a s m u c h as b r e a k - d o w n is a signif icant p r o b ­
lem. T h e r e is not e n o u g h control of hip m o ­
tion, part icu lar ly dur ing swing p h a s e , a n d a 
device that will p r o v i d e s o m e cadence con­
trol to the hip m o t i o n needs to be deve loped . 
Furthermore , the size a n d s h a p e of the hip 
joint shou ld be modi f ied to a l low easier sit­
ting. 

D i scuss ion a l so revealed that mos t of the 
h ip-disart iculat ion pros theses t o d a y are be­
ing m a d e with m o d u l a r c o m p o n e n t s , a n d 
this, in m a n y cases , so lves the p r o b l e m of ex­
cess weight . Further d iscuss ion revealed that 
there w a s a tendency for instabil ity of the 
plast ic cover on the pros theses and this needs 
to be i m p r o v e d . Secondly , the quest ion of 
"creep" of the flexed knee into extension be­
c a u s e of the stretching of the anter ior cos -



metic cover a n d the c o m p r e s s i o n of the p o s ­
terior cover , is a p r o b l e m that is not readi ly 
so lved . A further look at this area seems to 
be indicated. 

H e m i p e l v e c t o m y 

Socke t des igns aga in h a v e been modif ied 
slightly f rom the original concepts , a n d per­
h a p s in format ion a b o u t these modi f i ca t ions 
need d i s seminat ion . A d d i t i o n a l suspens ion 
techniques for s o m e of the hemipe lvec tomy 
socket s a r e a l s o needed. Th i s might be a 
shoulder s t r a p . It is r e c o m m e n d e d that this 
area be invest igated, p e r h a p s through the 
ques t ionna ire technique p r o v i d e d by the 
N E W S L E T T E R — P r o s t h e t i c s a n d Ortho t i c s 
Clinic recently i n a u g u r a t e d by the A m e r i c a n 
A c a d e m y of Orthot i s t s a n d Prosthet i s t s . 

T r a i n i n g 

It w a s b r o u g h t out that there were a p p a r ­
ently m a n y v a r i a t i o n s in the techniques of 
training lower- l imb a m p u t e e s and that per­
h a p s a w o r k s h o p c o m p o s e d of therapists , 
a n d those in the schools invo lved in training 
a m p u t e e s , shou ld be convened to res tudy 
thoroughly the whole subject of training 
techniques. Th i s w o r k s h o p shou ld include 
pract ic ing prosthet i s t s . 

Chi ldren P r o b l e m s 

S o m e d i scuss ion w a s held on children's 
prosthet ics . O n e of the p r o b l e m s noted is 
b o n y o v e r - g r o w t h . T h i s matter c o u l d be re­
ferred to the w o r k s h o p on surgery to bring 
out the latest techniques for handl ing the 
o v e r - g r o w t h prob lem in the g r o w i n g child. 
Second ly , the quest ion of g r o w t h and the re­
quired lengthening and increase in sizing of 
the pros theses were d i scussed briefly. T h e 
opin ion w a s that m o d u l a r c o m p o n e n t s could 
p r o b a b l y so lve the length p r o b l e m s signifi­
cant ly . T h e quest ion a r o s e of a d a p t a t i o n of 

socket s for c h a n g e in s h a p e a n d size. It w a s 
r e c o m m e n d e d that this be referred to a Re­
habi l i tat ion Engineering Center that is w o r k ­
ing on children's p r o b l e m s , par t i cu lar ly in 
prosthet ics . A further p r o b l e m a d d r e s s e d is 
that of s w i n g - p h a s e control units for the chil­
dren a n d ado lescents . T h e Rehabi l i tat ion En­
gineering Center at the Univers i ty of Tennes ­
see at M e m p h i s w o u l d be part icular ly suited 
to this task . 

R e c o m m e n d a t i o n s 

T h e fo l lowing r e c o m m e n d a t i o n s s u m m a r ­
ize the conc lus ions of the panel . T h e y are 
classif ied b y pr ior i ty—high , m e d i u m , or low 
— a n d each c lass is then s u b d i v i d e d by pri­
ority, the highest being at the top of the list. 

I. High Priori ty R e c o m m e n d a t i o n s 
A . W o r k s h o p on L o w e r - L i m b A m p u ­

tat ion S u r g e r y 
1. R e c o m m e n d a t i o n s for tech­

niques for predict ing successful 
a m p u t a t i o n levels. 

2. R e c o m m e n d a t i o n s for d isart icu­
lat ion p r o c e d u r e s . 

3 . Re lat ive v a l u e of musc le stabil i ­
zat ion techniques. 

4. A m p u t a t i o n procedures for can­
cer pat ients . 

5. A m p u t a t i o n procedures in chil­
dren. 

6. Post - surg ica l m a n a g e m e n t . 
B. D e v e l o p m e n t of A d j u s t a b l e Defini­

tive S o c k e t s to A c c o m m o d a t e 
G r o w t h a n d V o l u m e Fluctuat ions 
a n d A c c u r a t e M e t h o d s of M e a s u r ­
ing L i m b V o l u m e 

C . D e v e l o p m e n t of a Mul t i -Ax i s Foot 
T h a t P r o v i d e s Lateral M o t i o n , 
T r a n s v e r s e Rota t ion , a n d Heel-
Height Adjus tab i l i t y . 

D . U p d a t i n g the Literature on A m p u t a ­
tion S u r g e r y 
1. Revis ing general surgery texts 

such as the Chr i s topher text. 
2. P r e p a r e a new text on a m p u t a ­

tion surgery . 
3 . Determine a u t h o r s of a b o v e 

publ i ca t ions . 



E. Establ i shment of a Protoco l for 
A m p u t a t i o n s 
1. Establ ish o p t i m u m sys tem for 

a m p u t e e rehabi l i tat ion. 
2 . S tress clinic team a p p r o a c h . 
3 . R e c o m m e n d methods of deter­

mining a m p u t a t i o n level. 
4. R e c o m m e n d pos t - surg ica l proce ­

dures . 
5. Prosthet ist consul ta t ion before 

surgery when poss ib le . 
6. Prosthet ist initiate prescr ipt ion 

r e c o m m e n d a t i o n s . 
F. D e v e l o p m e n t a n d Eva luat ion of 

Lightweight Pros theses 
1. Utilize new mater ia l s and fabri ­

cat ion techniques. 
2. M e a s u r e energy cost . 
3. M o d i f y suspens ion techniques to 

take a d v a n t a g e of weight reduc­
tion. 

4. Eva lua t ion training. 
G . D e v e l o p m e n t of a Hip Joint for Hip 

Disart icu la t ion Prostheses 
1 . M o r e d u r a b l e than exist ing m o d ­

els. 
2. A l l o w ease of sitting. 
3. P r o v i d e cadence control . 

H. W o r k s h o p on Prescript ion Princi­
ples for L o w e r - L i m b Pros theses 
1. T o be a t tended by phys ic ians , 

prosthet i s ts , therapists , a n d rep­
resentat ives from teaching insti­
tut ions. 

2. Rev iew of exist ing prescr ipt ion 
principles a n d teaching m a ­
terials . 

3. R e c o m m e n d new prescript ion 
principles b a s e d on u p d a t e d sur­
gical and prosthet ic techniques 
a n d c o m p o n e n t s . 

4. P r e p a r e a brief m a n u a l to e s tab­
lish guidel ines of prescr ipt ion 
principles for the lower l imb. 

M e d i u m Priori ty 
A . D e v e l o p m e n t of I m p r o v e d Meth­

o d s of Prov id ing C o s m e s i s to L o w ­
er -L imb Pros theses 
1. D e v e l o p m e n t of a prosthet ic 

skin to coat f o a m cosmet ic cov­
ers . 

2. D e v e l o p m e n t of m e t h o d s or m a ­
terials to prevent rotat ion of 
f o a m covers a n d creep of these 
covers , part icu lar ly for a b o v e -
knee a n d hip-disart iculat ion 
prostheses . 

3. D e v e l o p m e n t of m e t h o d s such 
as p h o t o g r a m m e t r y for accura te 
s h a p i n g of the cover of the p r o s ­
thesis. 

B. I m p r o v e m e n t of Brak ing K n e e 
M e c h a n i s m s 
1. Reduct ion of noise and mainte­

nance p r o b l e m s . 
2 . M a n u f a c t u r e r s best qualif ied for 

this a n d s h o u l d be e n c o u r a g e d 
through funding. 

C . D e v e l o p m e n t of R e m o t e C o n t r o l 
D y n a m i c Al ignment Dev ice 
1 . A l l o w al ignment changes while 

the patient is wa lk ing . 
2. A l l o w the patient to m a k e his 

o w n al ignment changes . 
3. A l l o w m o r e v a r i a t i o n s of al ign­

ment to be tried dur ing fitting 
p r o c e d u r e . 

D . W o r k i n g on A K C a s t i n g a n d S o c k ­
et Fitting and Al ignment Tech­
niques 
1. R e c o m m e n d a t i o n s for i m p r o v e ­

ment of exist ing cast ing f ixtures. 
2. R e c o m m e n d a t i o n s for new cast 

modi f icat ion techniques. 
3. R e c o m m e n d a t i o n s for new sock­

et mater ia l s a n d des igns . 
4. R e c o m m e n d a t i o n s for al ign­

ment. 
E. W o r k s h o p on Physical a n d Func­

tional Tra in ing of L o w e r - L i m b 
A m p u t e e s 
1. At tended by therapists , pros the­

tists, a n d representat ives from 
the educat ional institutions. 

2. Rev iew existing texts and teach­
ing mater ia l s . 

3. R e c o m m e n d protoco l for train­
ing. 

4. P r e p a r e a m a n u a l prov id ing 
guidel ines for training of lower-
l imb a m p u t e e s . 



III. L o w Prior i ty 
A . D e v e l o p m e n t of Electronic K n e e 

Units 
1 . Myoe lec tr ic contro l s . 
2. Swi tch contro l s . 
3 . Electronic control of hydrau l i c 

knee units . 
4. E lec tromagnet ic b r a k i n g knee 

unit . 
B . T r e a t m e n t of Part ia l Feet a n d 

S y m e ' s A m p u t a t i o n s 
1 . S u r v e y of present fitting tech­

niques through the A A O P 
N E W S L E T T E R . 

2. Meet ing of experienced pract i ­
t ioners at a nat ional A A O P 
meet ing. 

3 . Publ icat ion of the resul ts of such 
a meet ing including r e c o m m e n ­
d a t i o n s for treatment . 

C . P T B Socke t M o d i f i c a t i o n s to C o r ­
rect Si t t ing D i s c o m f o r t 
1 . D i s s e m i n a t e exist ing in forma­

tion concerning the so lut ions to 
this p r o b l e m . 

2. S u r v e y of the field to determine 
other so lut ions to this p r o b l e m . 

D . S o c k e t D e s i g n s for H i p Disar t i cu la ­
tion a n d H e m i p e l v e c t o m y P r o s ­
theses 
1 . S u r v e y of phys ic ians , therapis ts , 

a n d prosthet i s ts through the 
A A O P N E W S L E T T E R . 

2. Meet ing of experienced pract i ­
t ioners at a nat ional A A O P 
meet ing. 

3 . Publ icat ion of the results of the 
s u r v e y a n d meet ing in a profes ­
s ional j o u r n a l . 



REPORT 
PANEL ON UPPER-LIMB ORTHOTICS 
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S teve Reger 
T e r r y S u p a n 

Current ly upper - l imb orthot ics require­
ments h a v e included a b r o a d s p e c t r u m of u p ­
per- l imb disabi l i ty a r e a s . T h e orthotist h a s 
been cal led u p o n to supp ly orthot ic devices 
in two p r i m a r y a r e a s — t e m p o r a r y or thoses 
(as required in acute care) a n d permanent 
long term or thoses . 

T h e upper - l imb or thoses required for tem­
p o r a r y or short term use are m o s t frequently 
needed in t raumat i c a r m and h a n d injuries 
( involv ing skeletal , soft t issue, a n d nerve 
d a m a g e ) pediatr ic spl inting when g r o w t h 
spur t s require frequent splint changes , a n d 
p r o g r e s s i v e spl inting such a s needed for the 
burn pat ient . T h e m a j o r i t y of splinting for 
this g r o u p ind iv idual s is d o n e with low to 
m o d e r a t e t empera ture thermoplas t i c s . T h e y 
are p r e d o m i n a n t l y used b e c a u s e of ease of 
fabr icat ion directly on the pat ient . Orthoplast, P o l y f o r m , a n d A q u a p l a s t are mos t fre­
quent ly used for low t empera ture require­
ments . Because these mater ia l s d o not re­
quire either a pos i t ive or negat ive m o l d , or­
thoses can be m a d e a n d fitted within minutes 
instead of hours . Progress ive serial p laster 
spl inting h a s a l so been used for t e m p o r a r y 
a n d short - term app l i ca t ions . 

T h e m a j o r i t y of these orthot ic require­
ment s are static in nature , while d y n a m i c 
spl int ing is used pr imar i ly for s u p p o r t while 
a l lowing joint excurs ion . Often occupat iona l 
therapis ts h a v e suppl i ed these orthot ic 
needs . T h e orthot is t fabr icates s imilar or­
thoses with m o d e r a t e to high t empera ture 

thermoplas t i c s for h e a v y use requirements . 
N u m e r o u s ass i s t ive self help devices for 

activit ies of dai ly l iving ( A D L ) are a v a i l a b l e 
commerc ia l l y which fulfill the short term or­
thotic need. Fred S a m m o n s , Inc. , C leo , Zimmer, a n d O E C are a few of the special ty 
c o m p a n i e s w h o s u p p l y the m a j o r i t y of these 
i tems. Permanent long term or thoses of a so ­
phis t icated nature are required for the spinal 
c o r d injured pat ients . These pat ients p o s e a 
chal lenge to all orthot is ts a n d occupat iona l 
therapis ts w h o m u s t train the patient to use 
the or thoses . Between 8 a n d 10 ,000 new 
spinal c o r d t raumat ica l ly injured pat ients oc­
cur each year . Of these 5 ,500 are q u a d r i p l e ­
gics , all of w h o m require orthot ic devices to 
regain s o m e degree of independence . A c ­
cord ing to D r . John Y o u n g of the N a t i o n a l 
Spinal C o r d Injury D a t a Research Center in 
Phoeniz , A r i z o n a , only 10 percent of the 
quadr ip leg i c s are treated in regional spinal 
c o r d centers . T h e remain ing 90 percent are 
treated in acute care hosp i ta l s , rehabi l i tat ion 
centers, a n d U . S . Mi l i tary facilities. 

Current ly five b a s i c orthot ic s y s t e m s a r e 
a v a i l a b l e for use by quadr ip leg ic pat ients: 
T h e Engen ( H o u s t o n ) , I R M / N Y U (Institute 
of Rehabi l i tat ion M e d i c i n e — N e w York Uni­
vers i ty) , R a n c h o (Cal i forn ia ) , Engel (Uni­
vers i ty of Wiscons in) and R I C (Rehabi l i ta­
tion Institute of C h i c a g o ) m o d e l s . T h e 
I R M / N Y U , R a n c h o , a n d Engel m o d e l s are 
n o w currently a v a i l a b l e in kit form a n d must 
be cons tructed bas ica l ly from flat , s tock 



which invo lves a m a x i m u m a m o u n t of p r o ­
fessional l abor until all the splint a d j u s t ­
ments are c o m p l e t e d . 

T h e R I C model can be constructed m o r e 
quickly of either low or m o d e r a t e t empera­
ture p las t ics . T h e R I C sys tem is used in the 
early e v a l u a t i o n a n d training s t a g e s . It h a s 
l imitat ions however , a s special modi f i ca­
tions a n d external p o w e r cannot be a d d e d 
easi ly a n d thus economica l ly . 

T h e m o d u l a r sys t em offered b y Engen is 
the only readi ly a s s e m b l e d orthos i s with a 
wide range of app l i ca t ion . 

T h e I R M / N Y U orthos i s n o w uses Nyloplex (high t empera ture thermoplast ic ) a s the 
splint mater ia l which is a great i m p r o v e m e n t 
in a p p e a r a n c e a n d a l lows interesting design 
so lut ions . T h u s the avai labi l i ty of new ther­
m o p l a s t i c s a s well a s a n a t o m i c a l a n d b i o m e ­
chanical cons idera t ions h a v e reflected s o m e 
a d v a n c e s in des ign a n d fit. 

U p p e r - l i m b orthot ics for the arthrit ic has 
not s h o w n a n y new a d v a n c e s though m a n y 
or thoses are being constructed dai ly . O n e 
reason could be the lack of agreement by the 
medical profess ion in the efficacy of orthot­
ics in relation to medica l a n d surgical m a n ­
agement of the arthrit ic pat ient . Little defini­
tive research w o r k has been d o n e a n d cer­
tainly s h o u l d be p u r s u e d . T h e w o r k at the 
Univers i ty of Mich igan a n d that b y D r . R o b ­
ert Bennett is a s tart . Invest igat ion in the use 
of or thoses in r h e u m a t o i d arthrit is requires 
act ive a n d comphrehens ive act ion . In spite 
of the r e c o m m e n d a t i o n s of the w o r k s h o p 
s p o n s o r e d b y the C o m m i t t e on Prosthet ics 
Research and D e v e l o p m e n t in 1973 at Hot 
S p r i n g s , A r k a n s a s , no significant research 
h a s been d o n e . A c o m p r e h e n s i v e research 
a n d deve lopment p r o g r a m for functional 
orthot ic devices w a s r e c o m m e n d e d by the 
W o r k s h o p Panel especial ly because of the 
large n u m b e r of arthrit ic pat ients that need 
help. 

T h e fo l lowing nine a r e a s are listed in an 
a p p r o x i m a t e order of priori ty a s needing fur­
ther research and deve lopment: 

1. Review prehension patterns for 
quadriplegics. Trad i t iona l ly , the three-
point prehension pat tern h a s been 
s tressed for quadr ip leg ic s . It is bel ieved 
h o w e v e r , that this prehension pattern 

m a y not be best suited for this type of 
patient in view of the lack of s ensory 
f e e d b a c k and an interruption of the 
n o r m a l pattern of the kinetic chain . For 
e x a m p l e , a lateral pinch prehens ion pat ­
tern w o u l d permit the patient to use vis­
ual cues better in g r a s p i n g objects . At 
the s a m e time, this might p r o v e useful 
in transfer act ivites and in propel l ing a 
wheelchair a s it w o u l d leave the thumb 
"out of the w a y " for these act ivit ies . It 
is bel ieved that this could be investi­
g a t e d b y identifying certain neces sary 
activit ies of dai ly l iving expected of a 
quadr ip l eg i c pat ient , and testing his 
abil i ty in these tasks with v a r i o u s pre­
hension pat terns . T h e results could then 
serve a s an a id to the design of the or­
thoses which p r o v i d e a prehens ion pat ­
tern best suited for the quadr ip leg i c p a ­
tient. 

2. Control systems for the high 
quadriplegic. A t present , mos t external­
ly energized s y s t e m s are control led by 
e lectromechanica l t ransducers . It is recognized that the use of e lec tromechan­
ical t ransducers is l imited by the a v a i l a ­
bility of an a d e q u a t e n u m b e r of control 
sites. It is therefore r e c o m m e n d e d that 
other m e a n s of control l ing a mult iple-
degree-of - freedom sys tem be explored , 
e .g . , myoe lec tr ic control which requires 
a better unders tand ing of the E M G p o ­
tentials a v a i l a b l e in the facial a n d cervi­
cal a r e a s . Th i s shou ld be b a s e d on a 
m a p p i n g of these a r e a s a s well a s ex­
p lora t ion of E E G control or a hybr id 
sys t em involv ing v a r i o u s control sys ­
tems. 

3. Body powered/hybrid systems for 
quadriplegics. It is bel ieved that there is 
not only a need for m o r e sophis t icat ion 
in prov id ing function for quadr ip leg ic s 
but s impl i f icat ions a s well. A s such, the 
w o r k being d o n e by Gui l ford which 
uses the effects of grav i ty beneficial ly 



a n d thereby enhances the use of resi­
dual b o d y p o w e r to p r o v i d e h a n d a n d 
a r m function is recognized. Other rel­
a ted s y s t e m s p r o v i d e m a n u a l control or 
locking of a prehens ion or thos i s . S u c h 
b o d y p o w e r e d sys t ems m a y a l so be in­
c o r p o r a t e d , in part , in external ly energ­
ized mult ip le-degrees-of freedom sys ­
tems. 

4. Hand manipulators. T h i s is conce ived 
to be an externally energized sys t em for 
high level quadr ip l eg i c s . T h e s e sys t ems 
need not be b a s e d on an a n a t o m i c a n a ­
log of the a r m , but rather w o u l d b y p a s s 
his shoulder , e lbow, a n d wrist jo ints to 
s imply gu ide the patient's h a n d a long 
an X Y Z ax i s . Th i s is not to be confused 
with m a n i p u l a t o r s presently under in­
ves t igat ion at the Univers i ty of Ca l i ­
fornia , L o s Ange le s , by L y m a n , which 
are sys t ems that d o not i n c o r p o r a t e any 
par t of the patient's b o d y . 

5. Improved man-machine interface 
materials. Genera l ly , it is f o u n d that 
u p p e r - l i m b or thoses tend to migrate 
distal ly on the patient's hand or fore­
a r m . T h u s , it is r e c o m m e n d e d that bet­
ter s tabi l izat ion by i m p r o v e d a t tach­
ments a n d mater ia l s with necessary fric­
tion character is t ics be invest igated . 

6. New materials. It is felt that there is a 
need to invest igate a n d d e v e l o p mater­
ials that are both transparent a s well a s 
l ow t empera ture forming in order to 
o b s e r v e injured a r e a s in acute spl inting. 

7. Improved functional orthoses for the 
C-6 quadriplegic. A l though wrist -driv­
en prehension or thoses are a v a i l a b l e for 
this type of patient it w a s bel ieved that 
such or thoses k inemat ica l ly inhibit not 

only wrist m o v e m e n t but induce c o m ­
p e n s a t o r y m o v e m e n t at the other m a j o r 
m o r e prox imal joints . It is r ecom­
m e n d e d that the fitting of a h a n d or tho­
sis distal to the wrist that m a y be energ­
ized either by external p o w e r or by 
b o d y power be invest igated. Such an 
or thos i s w o u l d a l low the patient to 
m o v e his m a j o r joints , including the 
wrist , wi thout inhibition by the or tho­
sis. 

8. Improved arm sling designs. A n 
eva lut ion of the des igns of a r m sl ings is 
be l ieved to be in order to identify the 
relat ive v a l u e of each. It is recom­
m e n d e d a l so that the vertical a r m s u p ­
por t sling be m a d e a v a i l a b l e to a larger 
pat ient p o p u l a t i o n in order to enhance 
the cosmes i s a n d permit better pos i t ion­
ing of the a r m . 

9. Elbow flexion assist for ambulatory 
patients. A need exists for an e l b o w 
flexion ass is t , which m a y use either 
external p o w e r or s tored energy f rom 
the b o d y , to a id pat ients with total 
p a r a l y s i s of the upper l imb, part icu lar ly 
those with brachia l p lexus les ions. 

T h e r e are two remain ing a r e a s of top pri­
ori ty that were not ment ioned in the preced­
ing listing due to their special ized needs . 

T h e first, a n d p e r h a p s mos t urgent , con­
cerns arthr i s t s . It is recognized that v e r y lit­
tle has been d o n e for arthrit ic pat ients . O t h ­
er than the w o r k being d o n e by Dr . Robert 
Bennett a n d by the g r o u p at the Univers i ty 
of Mich igan referred to earlier, no real act ive 
a n d c o m p r e h e n s i v e act ion has been taken to 
invest igate the entire p r o b l e m of the r h e u m a ­
toid arthrit ic pat ient . Specif ic reference is 
m a d e to the r e c o m m e n d a t i o n s noted at the 
C P R D - s p o n s o r e d W o r k s h o p Panel held in 
M a y , 1973 in Hot Spr ings , A r k a n s a s . In 
spite of these r e c o m m e n d a t i o n s f rom the 
W o r k s h o p Panel , w e are not a w a r e of a n y 



significant research be ing d o n e in this a r e a 
s ince that t ime. In v iew of the large n u m b e r 
of arthrit ics , this is deemed a m a j o r priority 
i tem. It is general ly agreed that Early Fitting 
P r o c e d u r e s m u s t be a c c o m p l i s h e d in order to 
p r o v i d e g o o d profess ional service . C o n t r a c ­
tures a n d deformit ies can be prevented if the 
pat ient w a s fitted p r o m p t l y a n d accurate ly . 
T h e r e is a definite need for m o r e qual i f ied 
personnel b o t h in orthot ics a n d occupat iona l 
therapy to h a n d l e this p r o b l e m . In add i t ion , 
we feel that our educat iona l inst i tutions 
shou ld p lace a m u c h greater e m p h a s i s on 
current m e t h o d s a v a i l a b l e . 

In the a r e a of service del ivery, it w a s re­
cognized that p r o b l e m s exist due to the un­
avai lab i l i ty of competent orthot ic service. 
T h e mos t a d v a n c e d orthot ics m a n a g e m e n t is 
present ly pract iced at a few select m a j o r re­
habi l i tat ion centers. However , the needs of 
m a y pat ients requir ing orthot ic services a r e 
not met opt imal ly in m a y a r e a s of the coun­
try. It is therefore r e c o m m e n d e d that central 

fabr icat ion facilities be e n c o u r a g e d to pro­
v ide u p p e r - l i m b orthot ic services . Further, it 
is bel ieved that i m p r o v e d prefabr icat ion sys ­
tems might a id the orthot is t w h o treats only 
a l imited n u m b e r of pat ients in the c o u r s e of 
the y e a r . For e x a m p l e , a bas ic wr i s t -hand 
or thos i s m a y be s tocked by the orthot is t a n d 
t r immed to specific needs , e .g . , b a s i c o p p o n ­
ents or thos i s , wrist s u p p o r t , etc. 

In conc lus ion , it shou ld be recognized that 
the deve lopment of newer dev ices a n d tech­
niques a s r e c o m m e n d e d a b o v e in itself will 
not result in o p t i m u m patient care . Rather , 
such d e v e l o p m e n t s shou ld be v iewed as im­
p o r t a n t tools in the overal l m a n a g e m e n t b y 
the rehabi l i tat ion team in which the orthotist 
must p l a y an integral role . With the advent 
of the m o r e sophis t i cated technology that is 
a v a i l a b l e t o d a y including environmenta l 
control s y s t e m s for the quadr ip leg ic pat ient , 
it b e c o m e s impor tant to p r o v i d e a d v a n c e d 
training for orthot is ts or rehabi l i tat ion engi­
neers to be ab le to p r o v i d e these services . 



REPORT 
PANEL ON LOWER-LIMB ORTHOTICS 

M e m b e r s h i p : 
C h a i r m a n : C h a r l e s M . Fryer 
Recorder: B r a d d L. Rosenquis t 
M e m b e r s : Dwight Dr iver Melv in Stil ls 

Rober t Ni t schke T e d T h r a n h a r d t 
G u s t a v Rubin 

T h e first task cons idered w a s the defini­
tion of the "Current S t a t e of the Art" in 
Lower L i m b Orthot i c s . It w a s felt that the 
"Posit ion" p a p e r presented b y Melv in Stil ls 
serves this p u r p o s e accura te ly . 

M a j o r A d v a n c e s 

M r . Stil ls cited the fo l lowing i tems a s sig­
nificant d e v e l o p m e n t s occurr ing within the 
last five to ten years : 

1. T h e deve lopment of current n o m e n c l a ­
ture . 

2. A p p l i c a t i o n s of p last ics a n d v a c u u m 
forming . 

3. T h e ava i lab i l i ty of pre fabr i ca ted c o m ­
ponent s . 

4. Fracture or thoses . 
5. T h e stress on pat ient e v a l u a t i o n . 
6. Educat iona l requirements for certif ica­

tion. 
7. Cont inu ing educat ion as implemented 

b y the A m e r i c a n A c a d e m y of Orthotists a n d Prosthet i s ts . 

8. T h e mult id isc ip l inary clinic a p p r o a c h 
to children's orthot ics for certain c lasses 
of pat ients such a s those with sp ina bi­
f ida . 

" F U N C T I O N A L E L E C T R I C A L S T I M U ­
L A T I O N " is the only item defined b y the 
panel a s being a v a i l a b l e only through special 
centers or c i rcumstances . 

I tems Being Eva lua ted 

T h o s e orthot ic devices a n d / o r techniques 
current ly in clinical e v a l u a t i o n are a s fol­
lows: 

1 . B i o f e e d b a c k dev ices for training. 
2. Funct ion Electrical S t imula t ion S y s ­

tems . 
3. A d j u s t a b l e A F O foot pos i t ion ing or­

thosis ( R a n c h o ) . 
4. S h o e r o t a t o r ( G l a n c y ) . 
5. Infant hip joint for treatment of hip dis­

locat ion a n d / o r sub luxat ion (Ni tschke) . 

I tems Needed 

Dev ices a n d techniques which are m o s t ur­
gently needed a r e a s fo l lows: 

1 . I m p r o v e d mater ia l s technology a n d a p ­
plied des ign as they affect function, cosmesis, a n d cost . 

a. I m p r o v e d joint m e c h a n i s m s to a i d 
sitting a n d s tand ing ( E x a m p l e : Bilat­
eral H K A O ' S ) . 

b . S e n s o r y f eedback m e c h a n i s m s . 
c. D a m p e n i n g of mot ion ( E x a m p l e : 

C P ) . 
2 . T o d e v e l o p better uti l ization of the es­

tabl i shed channels of c o m m u n i c a t i o n s 
between all discipl ines invo lved in p a ­
tient services . 

3. A m e t h o d of brac ing to mainta in joint 
integrity under patho log ica l a n d nor­
mal (Example : spor t s ) condi t ions . 



Inherent P r o b l e m s in Del ivery 

T h r e e a r e a s , either s ingular ly or in c o m b i ­
nat ion, a r e cited as present ing p r o b l e m s in 
the del ivery of new devices a n d services . 

1 . E v a l u a t i o n of new devices . 
2 . Financing. 
3. E d u c a t i o n . 

R e c o m m e n d a t i o n s 

It is the panel 's intent to r e c o m m e n d only 
those i tems felt to be of m a j o r s ignif icance. 
T h e order in which they are listed does not 
indicate perce ived i m p o r t a n c e . 

1 . " S t a n d a r d s " s h o u l d be d e v e l o p e d by the 
Ortho t i c s Profess ion a s is current ly tak­
ing p lace through the A S T M a n d the 
F D A for pros theses . 

2. A w o r k s h o p be convened to determine 
respons ib i l i ty for the d i s seminat ion of 
in format ion to the fo l lowing g r o u p s : 
a. Phys ic ians . 
b . T h i r d p a r t y p a y e r s . 
c. Al l ied Health Profess ions . 
d. T h e General Publ ic . 
T h e panel specified those g r o u p s re­
spons ib le for the d i s seminat ion of infor­
m a t i o n to be: 

a. A m e r i c a n A c a d e m y of Or tho t i s t s 
a n d Prosthet i s ts . 

b . "The Univers i t ies ." 
c. A m e r i c a n A c a d e m y of O r t h o p a e d i c 

S u r g e o n s . 
d. T h e C o n g r e s s of Physical Medic ine 

a n d Rehabi l i ta t ion . 
e. Or thot i s t s . 
f. Federal Agenc ie s ( V . A . , R . S . A . ) . 

3. M a n d a t o r y cont inuing educat ional re­
qu irements shou ld be establ i shed, a n d 
an organ iza t ion be specified to h a v e this 
a s their responsibi l i ty . 

4. A sys t em of m e a s u r e m e n t , modi f i ca ­
tion, a n d c o m m u n i c a t i o n needs to be 
d e v e l o p e d to faci l i tate central fabr ica­
tion in lower- l imb orthot ics . T h e pur­
p o s e is to p lace the responsibi l i ty of de­
cis ion m a k i n g as concerns patient m a n ­
agement , orthot ic des ign a n d fit on the 
or thos i s . T h e function of the central 
fabr icat ion l a b o r a t o r y will be l imited to 
fabr icat ion only . 

5. A m o r e c o m p r e h e n s i v e training p r o ­
g r a m is needed for orthot is ts in the a r e a 
of shoe a n d foot orthot ic p r o b l e m s . T h e 
shoe is recognized a s an integral par t of 
a lower- l imb orthot ic sys tem. 

6. A p r o g r a m of nat ional s cope shou ld be 
es tabl i shed for the collection of, e v a l u a ­
tion of, a n d d i s seminat ion of in forma­
tion on new devices a n d techniques . 



REPORT 
PANEL ON SPINAL ORTHOTICS 

C h a i r m a n : Al len S . E d m o n s o n 
Recorder: C h a r l e s D a n k m e y e r , Jr . 
M e m b e r s : M a r t i n Buckner J a m e s M o r r i s 

F r a n k C o o m b s D o n V a r g o 
J o h n G l a n c y H u g h W a t t s 
M a r i o n Mil ler 

S ince the a r e a for d i scuss ion w a s qui te large , w e chose to e l iminate f r o m cons iderat ion "total-
b o d y " or thoses or those which incorpora ted l imb or thoses with trunk or those s . Sp ina l or thoses 
were then cons idered f r o m two aspec t s , p u r p o s e a n d a n a t o m i c a l a r e a of app l i ca t ion . P u r p o s e 
w a s s u b d i v i d e d into general immobi l i za t ion a n d special p u r p o s e . O r t h o s e s for special p u r p o s e 
were correct ive , prevent ive , a n d ass i s t ive a n d included dev ices for pat ients with scol ios is , 
k y p h o s i s , a n d n e u r o m u s c u l a r d i s o r d e r s with a n d without s ensory deficit. B e c a u s e or thoses for 
mye lomeningoce l e frequent ly e n c o m p a s s b o t h the tor so a n d the lower l imbs , this ca tegory w a s 
d i scussed on ly brief ly. 

T h e c lass i f icat ion s y s t e m used a l o n g with s o m e c o m m e n t s is s h o w n in T a b l e s 1 a n d 2 . 

T A B L E 1 

S P I N A L O R T H O S E S F O R G E N E R A L I M M O B I L I Z A T I O N 





T A B L E 2 

S P I N A L O R T H O S E S F O R S P E C I A L P U R P O S E S 



R E C O M M E N D A T I O N S 

(IN O R D E R O F P R I O R I T Y 
W I T H I N E A C H S E C T I O N ) 

A . G E N E R A L 

1. E v a l u a t i o n a n d a n a l y s i s of b a s i c spinal 
or thoses b o t h those present ly used a n d 
those in exper imental s t u d y a r e needed 
so that prescr ipt ion a n d app l i ca t ion 
can b e d o n e m o r e nat iona l ly . A 
m e t h o d of eva lua t ion us ing object ive 
engineering principles s h o u l d be devel­
o p e d first, however . 

2. S u m m a r y a n d review articles compi l ed 
f rom o r t h o p a e d i c j o u r n a l s a n d texts in 
orthot ic a n d prosthet ic pub l i ca t ions 
shou ld be carr ied in the j o u r n a l s a s a p ­
p r o p r i a t e to a l low each half of the team 
to read m o r e efficiently in the other's 
a r e a of expert ise . 

3. P r o m o t i o n of the "image" of the or­
thotist a n d the patient wear ing an or­
thosis s h o u l d be s u p p o r t e d . 

B. O R T H O S E S F O R G E N E R A L 
I M M O B I L I Z A T I O N 

l . A m e t h o d to "unload" or distract the 
sp ine a n d immobi l i ze the head without 
skull p ins s h o u l d be deve loped . M a n d i ­
ble a n d anter ior neck s h o u l d be free. 

2. A new orthos i s for immobi l i za t ion of 
the upper thoracic spine, ( T - l — T-8) 
s h o u l d b e deve loped . 

3. D e v e l o p m e n t of a semi-flexible l u m b a r 
s u p p o r t p r o b a b l y of m o l d e d plast ic is 
needed. 

4. A better m e t h o d of orthot ic f ixation of 
the pelvis shou ld be d e v e l o p e d for lumbo-sacral orthoses . 

5 . C o r s e t s u p p o r t s should be redes igned 
to be m o r e comfor tab le , m o r e s table , 
m o r e easi ly appl ied , m o r e easi ly a d ­
justed , a n d constructed of better f a b ­
rics . 

C . O R T H O S E S : S C O L I O S I S A N D 
K Y P H O S I S 

1 . D e v e l o p m e n t of an orthos i s to correct 
preferably without a neck ring. 

2 . A n organ iza t ion of orthot is ts interest­
ed in sco l ios i s should be f o r m e d to 
w o r k with the Sco l ios i s Research S o ­
ciety. 

3 . Des ign i m p r o v e m e n t is needed for up­
per thoracic a n d cervical curves in sco­
l iosis a n d i m p r o v e m e n t in treatment of 
rib de formity a n d rota t ion . 

4. A better or thos i s for the elderly k y p h o ­
tic with pain is needed. 

5. T h e educat ion of orthot is ts s h o u l d in­
c lude x -ray e v a l u a t i o n of sp inal de­
formit ies us ing s t a n d a r d i z e d pos i t ion­
ing of the pat ient . 

6. I m p r o v e d cosmes i s is needed in or­
thotics for ado lescents for treatment of 
sco l ios i s and k y p h o s i s . 

7. A n i m p r o v e d orthos i s for scol ios is in 
infants shou ld be deve loped . 

8. Spec ia l ized local treatment center for 
sco l ios i s a n d k y p h o s i s s h o u l d be e s tab­
l ished. 

9 . D e s i g n s in or thoses for sco l ios i s a n d 
k y p h o s i s shou ld be m o r e a d j u s t a b l e in 
the clinic to p r o v i d e a wider r a n g e of 
fitting poss ibi l i t ies . 

D . O R T H O S E S F O R N E U R O - M U S C U L A R 
D I S O R D E R S 

1. I m p r o v e d mater ia l s a n d des ign for or­
thoses that a l low use on pat ients with 
s ensory deficit are needed. 

2. D e v e l o p m e n t of a "dynamic" orthos i s 
which utilizes external forces to p r o ­
v ide both s u p p o r t a n d ass i s tance 
s h o u l d be init iated. 

3 . T h e r e shou ld be a coord inat ion of edu­
cat ional efforts in the field of genitouri ­
n a r y surgery a n d general surgery with 
orthot ic a d v a n c e s to accompl i sh m o r e 
opt imal p lacement of ur inary "osto­
mies ." 



E. D E L I V E R Y O F N E W D E V I C E S A N D 
S E R V I C E S 

With the demise of the C o m m i t t e e on 
Prosthet ics Research and D e v e l o p m e n t , 
there is at present no organ iza t ion to co­
ord inate , e v a l u a t e a n d d i s seminate infor­
m a t i o n on new devices a n d services . A n 
o r g a n i z a t i o n to meet this need is impera­
tive. It is needed to w o r k with the educa­
tional sy s t em so that prosthet is ts , or tho­
tists, phys ic ians , therapists a n d other in­
terested p e r s o n s can b e c o m e famil iar 
with wor thy devices a n d services in order 
that they be del ivered proper ly to the 
publ ic . Unreal is t ic regulat ions a n d inade­
q u a t e fee schedules are a barr ier to de­
l ivery of new devices a n d services . Edu­
cat ion of governmenta l agencies and 
other "third-party" organ iza t ions should 
be the best m e a n s to achieve modi f ica­
tion. 

F. W H O S H O U L D P R O V I D E S P I N A L 
C O R S E T S ? 

T h i s special c h a r g e w a s cons idered at 
length. It w a s po inted out that s o m e cor­
sets are c u s t o m fitted and others are not. 
P r e s u m a b l y one important factor in­
v o l v e d in p r o v i s i o n of "unfitted" or "off-
the-shelf" corsets is e c o n o m y of t ime a n d 
/ o r m o n e y . T h e r e w a s u n a n i m o u s agree ­
ment that all "fitted" corsets shou ld be 
p r o v i d e d by an orthot ic facility. If no fit­
ting w a s des ired by the purchaser , agree ­
ment w a s not u n a n i m o u s but s trongly in 
f a v o r of s u p p l y b y an orthotic facil ity. 
M o s t agreed that fitting a corset w a s 
"best pat ient care ." 
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LETTERS TO THE EDITOR 

Editor 5 July 1977 
O r t h o t i c s a n d Prosthet ics 
1444 N Street , N . W . 
W a s h i n g t o n , D . C . 20005 
Gent lemen: 

S ince the pub l i ca t ion of "Po lypropy lene 
Sp ira l Ank le -Foot O r t h o s e s " in Ortho t i c s 
a n d Prosthet ics , Vo l . 29 , N o . 2 , p p 3 3 - 3 5 , 
J u n e 1975 , an i m p r o v e d technique for v a c u ­
u m f o r m i n g p o l y p r o p y l e n e has been w o r k e d 
out . 

T h e ta l cum p o w d e r ment ioned prev ious ly 
w a s f o u n d to be especial ly t roub le som e from 
the safety s t a n d p o i n t — b r e a t h i n g of a i rborne 
mater ia l , a n d a l so a great deal of t ime w a s 
w a s t e d r e m o v i n g the p o w d e r f rom every­
where. W e even received c o m p l a i n t s f rom 
other d e p a r t m e n t s . T h e oven w a s the p r i m e 
culprit here, caus ing the dust-fi l led air to cir­
culate . 

A s i d e f r o m esthetics, the p r o c e d u r e w a s 
a l so m a d e m o r e functional ly s tab le . We 
f o u n d a s t e a d y state t emperature that a l lows 
the p o l y p r o p y l e n e material to remain in the 
oven b e y o n d the t ime it is ac tua l ly soft 
enough to be m o u l d e d . W e found this most 
useful f rom the pract ical s tandpoint since the 
staff cou ld at tend other matters a n d not h a v e 
to be concerned a b o u t overheat ing the m a ­
terial. 

In conjunct ion with this critical tempera­
ture, g o o d heat dis tr ibut ion and better s u p ­
por t of the material is had if the p o l y p r o p y ­
lene b lank is placed on a b a r e a l u m i n u m 
sheet. T h i s prevents the edges from being too 
soft a n d the center, especial ly of the foot­
plate , from being too h a r d . At the critical 
t emperature sticking of the material to the 
a l u m i n u m is not much of a p r o b l e m , but to 
be certain no st icking occurs , s i l icone is 

s p r a y e d lightly on the a l u m i n u m sheet or the 
plast ic b lank . 

In our oven , Gr ieve , M o d e l HB-500 , the 
critical t emperature w a s found to be 1 6 2 ° ± 
2 ° C ; a n d the t ime interval for heat ing the 
b l a n k s , 20 minutes or longer . It is i m p o r t a n t 
that the oven d o o r remains c losed through­
out the heat ing cycle . 

It is expected that different o v e n s will h a v e 
different critical t emperatures b e c a u s e of dis­
crepanc ies in thermostat ca l ibrat ion a n d 
other r e a s o n s . Y o u r readers might try a few 
smal l s a m p l e s first, s tart ing with the sugges t ­
ed t emperature . T h e w a y to be sure the criti­
cal t empera ture for a par t i cu lar oven h a s 
been reached is to watch for these character­
istics: 

• the p o l y p r o p y l e n e does not turn clear 
• it can be formed to complex surfaces 

without exerting m u c h p r e s s u r e 
• it does not stretch a n d thin out like 

chewing g u m d u e to its o w n weight 
• it does not readi ly stick to v a r i o u s m a ­

terials 
O n e m o r e change can be m a d e in the proce ­
d u r e for the s a k e of s impl i f icat ion. T h e 
p lacement of felt between the hot b l a n k a n d 
the P V A b a g can be e l iminated. However , 
the b a g s w o u l d h a v e to be replaced m o r e of­
ten. 

W e h o p e these sugges t ions will m a k e this 
v a c u u m forming p r o c e d u r e m o r e useful to 
y o u r readers . 
Sincerely , 
S a m u e l M . C o h e n , C . O . 
W a r r e n Frisina 
Ortho t i c s & Prosthet ics 
Institute of Rehabi l i ta t ion Medic ine 
N e w Y o r k Univers i ty Medica l Center 
400 East 34th S t . , N e w Y o r k , N . Y . 10016 



T h e Editor June 20, 1977 
O r t h o t i c s a n d Prosthet ics 
1444 N Street N . W . 
W a s h i n g t o n , D . C . 20005 

D e a r Sir: 
I w o u l d like to u p - d a t e y o u r editorial en­

titled "Present Use of O r t h o s e s for P e r s o n s 
with P a r a p l e g i a " in v o l u m e 3 1 , n u m b e r 1 , 
M a r c h 1977, p a g e 3 1 . 

Y o u q u o t e m e a s s tat ing in 1948 that o n e 
hour of s tand ing each d a y will prevent oste­
o p o r o s i s in the lower l imbs (1) . T h a t article 
w a s signif icant in that it s t imula ted a s p a t e of 
s tudies which d e m o n s t r a t e d that the effect of 
weight bear ing w a s min imal a s c o m p a r e d to 
the effects of m u s c l e contract ion which 
s tressed the skeleton to a far greater degree . 
T h e s e s tudies were s u m m a r i z e d in a p a p e r b y 
myse l f a n d De lag i (2) . 

In add i t ion , the use of the 10th thoracic 
ver tebra a s a l a n d m a r k when descr ib ing or­
thoses a n d the lack of need for us ing pelvic 

b a n d a n d Knight spinal a t tachments were 
a n a l y z e d b y mysel f in p a p e r s (3 ,4 ) . 
Sincerely y o u r s , 
A r t h u r S . A b r a m s o n , M . D . 
Profes sor a n d C h a i r m a n 
Rehabi l i ta t ion Medic ine 
A lber t Einstein Co l l ege of Medic ine 
Y e s h i v a Univers i ty 
1300 M o r r i s A v e n u e 
Bronx , N . Y . 10461 

1) Abramson, A.S.: Bone disturbances in injuries 
to the spinal cord and cauda equina: Their 
prevention by ambulation. J. Bone Jt. Surg. 
30-A: 982, 1948 

2) Abramson, A.S., Delagi, E.F.: The Influence 
of Weight-bearing and Muscle Contraction on 
Disuse Osteoporosis. Arch. Phys. Med. 42: 
147, 1961 

3) Abramson, A.S., Principles of Bracing in the 
Rehabilitation of The Paraplegic. Bull. Hosp. 
Jt. Dis. 10:175, 1949 

4) Abramson, A.S., Principles of Bracing the 
Paraplegic. Or th. Pros. Appl . J. 28:35, 1955 



N E W P U B L I C A T I O N S 

T h e A d v a n c e in Ortho t i c s , edited b y G e o r g e 
M u r d o c h , E d w a r d A r n o l d (Publ isher) 
L t d . , L o n d o n , 602 p p . N o w a v a i l a b l e in 
the United States through the Wi l l iams 
a n d Wilkins C o m p a n y at $ 6 7 . 5 0 

T h e review of this b o o k which w a s included 
in the M a r c h 1977 issue of "Orthot ics a n d 
Prosthet ics" is repeated here: 

T h i s b o o k conta ins 61 p a p e r s presented at 
a Conference held in D u n d e e , S c o t l a n d in 
1973, a n d which w a s organized by G e o r g e 
M u r d o c h , O r t h o p a e d i c S u r g e o n , S u r g e o n -
i n - C h a r g e D u n d e e L i m b Fitting Centre . In 
spite of the lag between the time of the C o n ­
ference and publ icat ion , this b o o k is qui te 
t imely b e c a u s e of the e m p h a s i s g iven to prin­
ciples in orthot ics a n d re lated fields. 

T h i s b o o k is d iv ided into 11 sect ions: 
• I N T R O D U C T I O N (His tory a n d Phi los­

o p h y ) 
• P R E S E N T O R T H O T I C P R A C T I C E 

(Upper a n d L o w e r L imgs ) 
• R E C E N T A D V A N C E S (Upper a n d 

Lower L i m b s ) 
• S P I N A L O R T H O T I C S 
• W H E E L C H A I R S 
• S P E C I A L O R T H O T I C P R O B L E M S 
• E V A L U A T I O N 
• T R A I N I N G O F T H E O R T H O T I S T 
• A R E V I E W O F R E S E A R C H 
• A N I N T E R N A T I O N A L VIEW 
• A D M I N I S T R A T I O N , S U P P L Y & T H E 

C L I N I C T E A M 
T h e essence of the d iscuss ion that fol­

l owed each sess ion is included at the end of 
each sect ion. 

T h e 61 p a p e r s e m a n a t e d from nine coun­
t r i e s — C a n a d a , D e n m a r k , England , India , 
Iran, Israel, P o l a n d , S c o t l a n d , a n d the 
U . S . A . , a n d it can certainly be sa id that they 
for the m o s t par t reflect the m o r e a d v a n c e d 
pract ices a n d ideas in the Western Wor ld in 
the field of orthot ics . T h e editing, presenta­
tion, a n d printing is excellent. T o achieve all 
of this is, no d o u b t , the reason for what 
seems like a long l apse in t ime between con­
ference a n d publ i ca t ion . A t a n y rate this vol ­
u m e is well worth the wai t a n d even the rel­
at ive ly high price of $ 6 7 . 5 0 

T o t a l H i p Prosthes i s , edited b y N . G s c h -
w e n d a n d H . V. Debrunner , Wi l l i ams a n d 
Wilkins , B a l t i m o r e , 1976; 328 p p . , p r o ­
fusely i l lustrated; $ 2 8 . 9 5 . 

T h e preface to this beautiful ly printed report 
of a retrospect ive s tudy of 2500 pat ients with 
total hip pros theses is r e p r o d u c e d here in 
full: 

T h e v ic tory of the total h ip-prosthes i s 
over the painful a n k y l o s e d degenerat ive ar ­
thritis is wor ld -wide . Since C h a r n l e y report ­
ed his first results m o r e than fifteen y e a r s 
h a v e p a s s e d . In the meanwhi le one single 
fac tory in this country has p r o d u c e d m o r e 
than 100 ,000 total hips a n d these h a v e p r o ­
b a b l y been inserted in an equal number of 
joints with the expectat ion of both the surg­
eon and the patient to reduce suffering a n d 
g ive b a c k phys ica l act ivity to the inval id . 

But how much addi t ional distress has been 
p r o d u c e d by iatrogen induct ion? H o w m u c h 
a v o i d a b l e insufficiency h a s influenced the re­
sults a n d where are the m a i n r i sks? 

Since 1968 this opera t ion is d o n e rout inely 
in an increasing n u m b e r of much too m a n y 
hosp i ta l s . There fore a halt is necessary . 
M a n y compl i ca t ions a p p e a r only after a p r o ­
longed p e r i o d of o b s e r v a t i o n s a n d these 
shou ld be careful ly anal ized . T h e S w i s s S o ­
ciety of O r t h o p a e d i c s h a s charged Professor 
G s c h w e n d with a po lyva len t a n d poly-cl ini­
cal s t u d y of the most i m p o r t a n t o r t h o p a e d i c 
clincis in order to review all materia l ava i l ­
a b l e . T h e results h a v e been reported at the 
annual meet ing of the S w i s s Soc i e ty of 
O r t h o p a e d i c s a n d the Nether land O r t h o ­
paed ic A s s o c i a t i o n in L a u s a n n e 1974. T h e 
s tudy w a s endangered by a lack of cooper ­
at ion to e n g a g e in an a n o n i m o u s c o m p u t e r -
s t u d y . T h u s the pr imar i ly expected n u m b e r 
of cases w a s reduced to half. H o w e v e r the 
actual f igure 2500 cases seems representat ive 
to get the necessary in format ion in order to 
i m p r o v e the results in the future. Selfcriti-
c i sm is essential and it is easier to obta in 
through neutral channels than by revewing 
the o w n results . 

In the n a m e of the S w i s s Soc iety of O r t h o ­
p a e d i c s all contr ibuters are to be congratu l -
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ated a n d cordia l ly thanked for the essential 
research . 

S w i s s Soc iety of O r t h o p a e d i c s 
T h e President 1974 
H e r m a n n Fredenhagen , M D 
Basle , O c t o b e r 1975 

Chi ldren's O r t h o p a e d i c s - P r a c t i c a l P r o b l e m s , 
N . J . B lockey , M . C h . O r t h . , F . R . C . S . 
(Eng. a n d G l a s . ) , But terworths , L o n d o n , 
B o s t o n , S y d n e y , Wel l ington, D u r b a n , 
T o r o n t o , 1976; 141 p p . , 92 illus. 

T h e f o r e w o r d b y Sir H a r r y Piatt is repro­
d u c e d here in full: 

"Mr. Noe l B lockey has a l w a y s had the 
c o u r a g e to e x p o u n d his v iews on m a n y of 
the d e b a t a b l e p r o b l e m s in the field of or tho­
paed ic s . D u r i n g his f o r m a t i v e y e a r s in the 
Univers i ty D e p a r t m e n t of O r t h o p a e d i c 
S u r g e r y in the M a n c h e s t e r R o y a l Inf irmary , 
this qua l i ty , b o t h to me as his Chief a n d to 
his c o n t e m p o r a r i e s and juniors , w a s mos t 
s t imulat ing . N o w with the r ipeness of y e a r s 
of experience in G l a s g o w at the R o y a l H o s p i ­
tal for S ick Chi ldren , M r . B lockey has se­
lected a number of topics in which, with 
s o m e just i f icat ion, he feels that he has s o m e ­
thing of pract ical i m p o r t a n c e to convey to 
the p o s t g r a d u a t e student of o r t h o p a e d i c s . A s 
I read this col lection of e s s a y s I recapture the 
essence of his critical mind, and I w e l c o m e 
the privi lege of writ ing this f o r e w o r d . " 

H. P. 

"Prosthet ics and Ortho t i c s International", 
T h e Internat ional Soc ie ty for Prosthet ics a n d 
O r t h o t i c s a n n o u n c e s the publ i ca t ion of an 

official profess iona l journal entitled "Pros­
thetics a n d Ortho t i c s Internat ional ." 

T h e core of each i ssue of the J o u r n a l will 
be scientific, clinical a n d pract ica l p a p e r s on 
all a spec t s of prosthet ics , orthot ics , rehabil i ­
tat ion engineering a n d related o r t h o p a e d i c 
surgery . A l t h o u g h no firm dec is ions h a v e 
been m a d e a s to the b a l a n c e of the articles 
which will a p p e a r in each issue r e g a r d i n g 
discipl ines or spec ia l ty , they h o p e to ensure 
that each indiv idual m e m b e r will find a large 
p r o p o r t i o n of the mater ia l of interest. T h e 
first two issues a r e being d e v o t e d to the pres ­
entat ion of u p - d a t e d vers ions of p a p e r s or ig­
inally presented at the W o r l d C o n g r e s s in 
M o n t r e u x in 1974. Future i ssues will be a 
blend of p a p e r s b a s e d on I S P O congresses , 
invited p a p e r s a n d , in part i cu lar , p a p e r s s u b ­
mitted b y the I S P O m e m b e r s h i p . 

Prosthet ics a n d Orthot i c s Internat ional is 
publ i shed three t imes year ly b y the Interna­
tional Soc ie ty for Prosthet ics a n d Orthot i c s 
( I S P O ) , P O Box 42 , D K - 2 9 0 0 , Hel lerup, 
D e n m a r k . S u b s c r i p t i o n ra te is $14 ( U . S . ) per 
a n n u m , single n u m b e r s $5 ( U . S . ) . T h e jour­
nal is p r o v i d e d free to M e m b e r s of I S P O . 
T h e subscr ip t ion ra te for A s s o c i a t e M e m b e r s 
is $7 ( U . S . ) per a n n u m . Remi t tances s h o u l d 
be m a d e p a y a b l e to I S P O . 

Editor ia l correspondence , advert i sement 
b o o k i n g s a n d enquir ies s h o u l d be directed to 
Prosthet ic a n d Ortho t i c s Internat ional , N a ­
tional C e n t r e for T r a i n i n g a n d Educat ion in 
Prosthet ics a n d Orthot i c s , Univers i ty of 
S tra thc lyde , 73 R o t t e n r o w , G l a s g o w G 4 
O N G (Tel . : 041-552-4049) . 



We are currently conducting a follow-up survey in regards to employ­
ment in the Prosthetic/Orthotic profession following graduation or 
attendance in the Cerritos College Program. If you are a former stu­
dent we would appreciate your cooperation in this matter by sending 
your current mailing address to: 

Robert W. Hinchberger, Instructor 
Prosthetic/Orthotic Department 
CERRITOS COLLEGE 
11110 E. Alondra Boulevard 
Norwalk, California 90650 

A N N O U N C E M E N T 

T h e abs trac t s of all p a p e r s presented at the 1977 I S P O - A O P A World 
C o n g r e s s a long with the names and addresses of all authors are now avai l ­
able from the Nat ional Office of A O P A - A B C - A A O P for $7 .00 . Both of the 
documents were contained in the p a c k a g e distributed to registrants at the 
C o n g r e s s , but there has been a d e m a n d for copies for individuals who could 
not attend and by l ibraries . 

T o order Abstracts and Address List—Fill out be low and send with $7 .00 
for each set to cover handl ing and mai l ing costs to: 

1977 I S P O World C o n g r e s s 
A B S T R A C T S 
c / o U S I S P O 
1444 N Street, N . W . 
Washington, D . C . 20005 

M a k e Checks P a y a b l e to 1977 WORLD CONGRESS 

Please Print: 

Addn^s 

Slate Country 
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C L A S S I F I E D A D V E R T I S E M E N T S 

Advertising Rates 
Regular—First 35 words, $24.00 (minimum). Additional words $1.00 each. Situations wanted advertisements half rate . Space 

rate additional: 13 x 13 picas-$105.00; 13 x 18 picas-$180.00. 
Specia l—Members of the American Academy of Orthotists and Prosthetists who wish to advertise their availability on a signed 

or unsigned bases are entitled to do so at the special rate of $5.00 per five line insertion per issue. Each additional line, $1.00. 
Mail addressed to National Office forwarded unopened at no charge. Classified Advertisements are to be paid in advance; 

checks should be made payable to "Orthotics and Prosthetics". Send to: Editor, Orthotics and Prosthetics, 1444 N St . , N.W. , Wash­
ington, D . C . 20005. 

CERTIFIED ORTHOTIST—Required immediately for 
expanding Prosthetic/Orthotic Department of this 349 
bed rehabilitation complex. Caseload consists of both 
adults and children. Experience with Boston and Mil­
waukee braces an advantage. Salary commensurate 
with experience. Liberal fringe benefits. Interested appli­
cants please submit resume of qualifications, experience 
and names of two referees (professional) to: Personnel 
Department, Clenrose Hospital, 10230 111 Avenue, Ed­
monton, Alberta. T5COB7 
CERTIFIED O R T H O T I S T — S a l a r y commensurate with 
experience. Hospital and life insurance. Profit sharing 
plan. Contact: John M. Metzker Co., 8409 Pine, Long 
Beach, CA 90813. (213)432-2987. 
SUPERVISING P R O S T H E T I S T - W a n t C P . capable of 
supervising, training; substantial clinic participation. 
Excellent compensation and fringe package. Reply in 
confidence to: Mr. Garvin D. Marty, ] . E. HANGER, 
INC., Main P O. Box 507, St. Louis, Missouri 63166 
(314) 231-1087. 
CERTIFIED O R T H O T I S T — W e seek an experienced 
Certified Orthotist or a person working for certifica­
tion. We offer good working conditions, fringe benefits, 
paid health insurance, paid Holidays, vacation pay. Al­
so leadership ability would be helpful. All replies will be 
handled in strict confidence. Send resume or contact: 
American Orthopedic Service, 825 VJ. Huron Street, 
Pontiac, Michigan 48053. Phone 1-313-6118. Mr. 
Joseph L. Gaskins, President. 
EXPERIENCED O R T H O T I C TECHNICIAN—Central 
fabrication position. Los Angeles Area. Medical and in­
surance benefits. Salary commensurate with experience. 
All inquiries confidential. Beverly Hills Prosthetics-Or­
thotics, Inc , 214 South Robertson Blvd., Beverly Hills, 
CA 90211. 
P R O S T H E T I C T E C H N I C I A N - E x p e r i e n c e d technician 
with working knowledge on all types of prostheses. Sal­
ary commensurate with experience, fringe benefits. Call 
or send resume to: Frank J. Malone, Jr., Frank J. Malone 
Son, Inc.. 108 So. 40th St., Phila.. PA 19104. (215) 

BA2-2365. 
P R O S T H E T I S T — Young growing prosthetic facility in 
Central Florida desires certified prosthetist with man­
agement capabilities leading towards part ownership. 
Must be able to perform all shop work plus attend clin­
ics. Orlando Prosthetics Laboratory. Inc.. 913 South 
Orange Ave.. Orlando, Florida 32806. 
O R H T O T I S T - P R O S T H E T I S T - P o s i t i o n available for 
experienced Prosthetist and Orthotist, not necessarily 
certified, for a growing Northern Vermont facility. Ex­
cellent opportunity for outdoor/ski enthusiast. Salary 
commensurate with experience. Send resume to: Green 
Mountain Orthopedics, Inc., Bakersfield. Vermont 
05441. 
O R T H O T I S T (SAUDI ARABIA)—Unique opportuni­
ties for qualified and experienced professional to work 

in Riyadh, Saudi Arabia with the King Faisal Specialist 
Hospital and Research Centre, managed by Hospital 
Corporation of America group. The Hospital is a 250-
bed referral and specialist Hospital staffed with profes­
sionals from the United States, Europe, and the Middle 
East. The individual selected will have a bachelor's de­
gree, certification as an Orthotist, and at least three 
years direct experience in the field. Salaries are excellent 
with furnished lodging, 30 days paid vacation with free 
transportation, free medical coverage, and other excep­
tional benefits. Interested, qaualified candidates should 
forward a resume with current salary and date of avail­
ability to: PERSHING P STAHLMAN, Hospital Cor­
poration International, One Park Plaza, Nashville, Ten­
nessee, 37203. An equal opportunity employer. 
CERTIFIED O R T H O T I S T — F o r t y bed childrens hospi­
tal needs progressive Certified Orthotist to direct Or­
thotic Department. Will work closely with medical 
staff. Excellent fringe benefits and working conditions. 
Shriners Hospital for Crippled Children. 1402 Outer 
Belt Drive, Houston, Texas 77030. 
CERTIFIED PROSTHETIST—Certi f ied or Board eligi­
ble Prosthetist needed to measure, fabricate, and fit pro­
sthetic appliances Opportunities to work in various 
clinics and rehabilitation centers. Professional growth 
and business opportunities will be rewarding if you are 
dynamic and motivated. Salary—negotiable. Paid vaca­
tion and medical benefits. Send resume and salary re­
quirement along with recent photo to: Medical Center 
Prosthetics, Inc., 108 Medical Towers Bldg.. Houston. 
Texas 77030. 

CERTIFIED PROSTHETIST—Posi t ion available for ex­
perienced C. P. Good salary, paid major medical insur­
ance, retirement plan, newly remodeled facility. All re­
plies confidential. Write: H. Grant Rice, Atlanta Pros­
thetics, Inc., 555 Forrest Avenue N.E , Atlanta, Georgia 
30312. 
O R T H O T I C TECHNICIANS—Orthomedics needs ex­
perienced orthotic technicians. Orthomedics' Central 
Fabrication Center is located in new modern, 10,000 
square foot, air conditioned building in the greater Los 
Angeles suburban area and in easy commuting time 
from Orange County and beach areas. Salary commen­
surate with experience. Monthly production bonus, 
hospital-surgical, life insurance, long term disability in­
come, profit sharing retirement plan. Orthomedics is a 
growth oriented company with currently thirteen 
branch offices, supported by the Central Fabrication 
Center. This provides unlimited opportunity for indi­
vidual advancement. Our interest is in those who desire 
a challenging career as an orthotic technician. Replies 
confidential. We are an equal opportunity employer. 
Contact: Mr. Colwell, Orthomedics, Ind., 8332 Iowa 
Street, Downey. CA 90241 (213) 862-1633 
O L D ESTABLISHED FIRM is considering sale of 
our entire operation which will include a favor-

80 



able lease of the premises. We desire personal re­
tirement and to turn over the operations to 
younger men. Phone: 8:00 a.m. to 4:30 p.m. 
(301) 587-6892; After 5:00 p.m. (301) 589-8346. 
PROSTHETIST M/F—Well established facility 
needs a Prosthetist immediately. Excellent work­
ing conditions. Contact: Mr. M. M. Amrich, C. 
P. Liberty Mutual Medical Service Center. 372 
Stuart St., Boston, Mass. 02117 Telephone (617) 
357-9599. An equal opportunity employer. 
ORTHOTIST—Ideal candidate will possess a 
broad range of experience in measuring, fabricat­
ing and fitting all types of orthoses. Certification 
preferred. Send resume with salary requirements 
to: John Grabon, Children s Hospital, 219 Bryant 
Street, Buffalo, New York 14222. 
CERTIFIED PROSTHETIST—Great opportuni­
ty. Salary and commission, paid vacation, medi­
cal benefits. Part time or full time. Call or write: 
Florida Brace-A M.P.A.C., 2503 Swann Ave., 
Tampa, Fla. 33609 (813) 870-3322 
"CERTIFIED PROSTHETIST-ORTHOTIST—For Pros-
thetic-Orthotic Shop in Childrens' Hospital. Experience 
and managerial skill desirable". Please contact: Made­
line Murphy, Administrator Shriners Hospital for Crip­
pled Children, 516 Carew Street, Springfield, Mass. 
01104. 
MANAGEMENT OPPORTUNITY—Modern certified 
orthotic/prosthetic laboratory in leading children's hos­
pital offers a stimulating supervisor's position for a cer­
tified individual. Successful candidate will delegate 
authority and responsibility for orthotics operations 
management. Position combines excellent fringe bene­
fits including health insurance, income disability insur­
ance and retirement program with the widely recog­
nized cultural and recreational advantages of the area. 
Salary commensurate with experience. Applicants must 
be certified in orthotics with a minimum of 5 years ex­
perience. B.S. degree and certification or significant ex­
perience in prosthetics desirable. Our staff is aware of 
this advertisement. Contact: Box §77-100. 
ORTHOTIST—Experienced Orthotists needed, not nec­
essarily certified. Profit-sharing, retirement plan, and 
other fringe benefits. Complete paid benefits. Salary 
commensurate with experience. Openings in Detroit, 
Lansing, Ann Arbor. Contact: Eugene Filippis, 19326 
Woodward Ave., Detroit, MI 48203 (313) 368-3300. 
ORTHOTIST AND ORTHOTIC TECHNICIAN—The 
Orthopaedic Appliance Facility of the University of Cal­
ifornia, San Francisco is seeking a second Orthotist and 
Orthotic Technician for expanding Facility. Excellent 
fringe benefits, pension plan, 3 week paid vacation/ 
year, sick leave. An Affirmative Action Employer. Ad­
dress Inquiries to: fames Morris, M.D., U414, Universi­
ty of California, San Francisco, San Francisco, Ca. 
94143. Telephone: 666-1904, 666-2228. 
PROSTHETIST—Pay commensurate with experience. 
Company Benefits, Pension Plan varies with longevity. 
Contact: Joseph Martino, C.P.O. 295 Columbia Road, 
Dorchester, Massachusetts 02121, 617—436-6110. 
ORTHOTIST &/OR PROSTHETIST—Full time posi­
tion available. Excellent salary, fringe and retirement 
benefits. Confidential. EH. ROWLEY COMPANY, 
INC., 11330 Woodward Ave., Detroit, MI 48202. 
ORTHOTIST—Experienced Technician desired—need 
not be certified. Salary commensurate with experience 
and ability. Direct inquiries to: Alexander Campanella, 
CO., Orthotic Department—Children's Hospital of 
Buffalo, 219 Bryant Street, Buffalo, N Y. 14222, 716-
878-7307. 
SENIOR TUTOR/LECTURER (2 POSITIONS)—The 
School of Prosthetics and Orthotics requires two Pros-

thetists/Orthotists for its teaching and clinical pro­
grams. Responsibilities include teaching and instructing 
students in Prosthetics and/or Orthotics, including the 
technical application of materials, use of tools and 
equipment, fitting, fabrication and alignment of appli­
ances. Salaries: Senior Tutor A$ll,491—A$13,229. 
Lecturer A$13,229-A$17,688. Assistance will be given 
towards fares and removal expenses. Send applications, 
c.v. and the names of three professional referees to the 
Staffing Officer, Lincoln Institute, 625 Swanston Street, 
Carlton. Victoria. 3053. Australia. 
BUSINESS FOR SALE—The owners of the Fit-Well 
Artificial Limb Company offer for sale their business, 
established 1908. Certified 1952. Present Owners CP. 
& C O . Partnership since 1956. Partners willing to stay 
on until owner or owners are well acquainted with our 
clients, doctors and clinics. A real going and prosperous 
business, with an excellent reputation. VA Contract. 
Address: Fit-Well Artificial Limb Company, 125 Wast 
3rd. South St., Salt Lake City, Utah 84101. 
CHIEF PROSTHETIST/ORTHOTIST—Required for a 
modern Regional Rehabilitation Centre serving North­
western Ontario. This area noted its many summer and 
winter recreational facilities. Salary commensurate with 
experience. Generous fringe benefits. Send Resume to: 
Personnel Director, St. Joseph's General Hospital, 35 N. 
Algoma Street, Thunder Bay, Ontario, Canada, P7B 
5G7. 
EXPERIENCED ORTHOTIC TECHNICIAN—Central 
fabrication position. Los Angeles Area. Medical and in­
surance benefits. Salary commensurate with experience. 
All inquiries confidential. Beverly Hills Prosthetics-
Orthotics Inc., 214 South Robertson Blvd., Beverly 
Hills, CA 90211. 
SUPERVISING PROSTHETIST—Want CP. capable of 
supervising, training; substantial clinic participation. 
Excellent compensation and fringe package. Reply in 
confidence to: Mr. Garvin D. Marty, J. E. HANGER, 
INC., Main P.O. Box 507, St. Louis, Missouri 63166, 
314—231-1087. 
CERTIFIED PROSTHETIST—Well established facility 
needs a Certified Prosthetist immediately. Excellent 
working conditions. Contact: Mr. Samuel Polsky, CP., 
J. E. Hanger, Inc. of New England, 804 Huntington 
Ave., Boston, Mass. 02115. 
ORTHOTIST/PROSTHETIST—Certified (or eligible 
for certification) orthotist and/or prosthetist to manage 
branch office of rapidly growing firm in Southern Calif. 
Salary and benefits commensurate with qualifications 
and ability. Send complete resume to: AOPA Box 77-
101, 1444 N. St. N.W. Washington, DC. 20005. 
CERTIFIED PROSTHETIST-To manage Prosthetic 
Department. Salary commensurate with qualifications. 
Fringe benefits—pension, health and life insurance. 
Contact: SCOTT-THORNTON ORTHOPEDIC, Inc., 
724 East 17th Avenue, Denver, CO 80203. Tel. (303) 
832-9074. Larry Bradshaw, Darryl Womack. 

CERTIFIED ORTHOTIST 
Required immediately for expanding Prosthetic/Orthot­
ic Department of this 349 bed rehabilitation complex. 
Caseload consists of both adults and children. 
Experience with Boston and Milwaukee braces on ad­
vantage. Salary commensurate with experience. Liberal 
fringe benefits. Interested applicants please submit resu­
me of qualifications, experience and names of two refer­
ees (professional) to: 

Personnel Department, 
Glenrose Hospital, 

10230 — 111 Avenue, 
Edmonton, Alberta. 
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RESOLUTION CONCERNING THE METRIC SYSTEM 

T h e fo l lowing reso lut ion w a s a d o p t e d by the B o a r d o f D i r e c t o r s o f the A m e r i c a n 
Orthot ic and Pros thet ic A s s o c i a t i o n at its mee t ing in S a n D i e g o O c t o b e r 3, 1973: 

W H E R E A S by A c t of C o n g r e s s it h a s been d e t e r m i n e d that the Uni t ed 
S t a t e s should p r o c e e d t o w a r d s a d o p t i o n o f the metr ic s y s t e m a s u s e d 
a l m o s t un iversa l ly throughout the rest o f the wor ld , and 

W H E R E A S the t echno log ica l p r o f e s s i o n s and m a n y s e g m e n t s o f the 
health p r o f e s s i o n s h a v e c o m m o n l y u s e d the metr ic s y s t e m o v e r an ex­
tended per iod o f t ime , and 

W H E R E A S it is important for m e m b e r s o f the or tho t i c /pros the t i c pro ­
f e s s i o n s to interact with their c o l l e a g u e s in the med ica l a n d technolog i ­
cal c o m m u n i t i e s for o p t i m u m pat ient s e r v i c e be it h e r e b y 

R E S O L V E D that the A m e r i c a n Orthot ic a n d Pros the t i c A s s o c i a t i o n 
e n d o r s e s the use o f the metr ic s y s t e m by its m e m b e r s a n d other orthot ic 
and p r o s t h e t i c p r a c t i t i o n e r s in the U n i t e d S t a t e s , and in w i t n e s s o f this 
e n d o r s e m e n t and A s s o c i a t i o n u r g e s the e d i t o r s o f its j o u r n a l Orthotics 
and Prosthetics to c o m m e n c e the dual repor t ing o f we ight s and 
m e a s u r e m e n t s in both the E n g l i s h and metr ic s y s t e m s at the ear l ies t 
p o s s i b l e d a t e with the o b j e c t i v e o f e m p l o y i n g the metr ic s y s t e m sole ly 
by the t im e of the 29th V o l u m e in 1975. 
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L E N G T H 

Equivalencies 
angstrom 
millimicron* 
micron (micrometer) 

To Convert from 

inches 
feet 
yards 
miles 

M E T R I C S Y S T E M 
C o n v e r s i o n F a c t o r s 

x 1 0 - 1 0 meter (0 .0 0 0 0 0 0 0 001 m) 
x 10- 9 meter (0 .000 000 001 m) 
x 10- 6 meter ( 0 . 0 0 0 001 m) 

To 

meters 
meters 
meters 
kilometers 

Multiply by 

0.0254+ 
0 .30480+ 
0 .91440+ 
1.6093 

A R E A 

To convert from 

square inches 
square feet 

square meters 
square meters 

V O L U M E 

Definition 

1 liter = 0 . 0 0 I t cubic meter or one cubic decimeter ( d m 3 ) 
(1 milliliter = 1+ cubic centimeter) 

To convert from 

cubic inches 
ounces (U .S . fluid) 
ounces (Brit, fluid) 
pints (U .S . fluid) 
pints (Brit, fluid) 
cubic feet 

T o 

cubic 
cubic 
cubic 
cubic 
cubic 
cubic 

centimeters 
centimeters 
centimeters 
centimeters 
centimeters 
meters 

0.00063616+ 
.092903 

Multiply by 

16.387 
29 .574 
28.413 
473 .18 
568 .26 
0 .028317 

MASS 

To convert from 

pounds (avdp.) 
slugs* 

F O R C E 

To convert from 

ounces-force (ozf) 
ounces-force (ozf) 
pounds-force (lbf) 
pounds-force (lbf) 

T o 

kilograms 
kilograms 

T o 

Multiply by 

0.45359 
14.594 

Multiply by 

newtons 0 .27802 
kilogram-force 0 .028350 
newtons 4 .4732 
kilogram-force 0 .45359 

*This double-prefix usage is not desirable. This unit is actually a nanometer (10- 9 meter = 10-7 centimeter). 
tFor practical purposes all subsequent digits are zeros. 
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S T R E S S (OR P R E S S U R E ) 

To convert from T o Multiply by 

pounds-force/square inch (psi) 
pounds-force/square inch (psi) 
pounds-force/square inch (psi) 

T O R Q U E (OR MOMENT) 

To convert from 

pound-force-feet 
pound-force-feet 

E N E R G Y (OR WORK) 

newton/square meter 
newton/square centimeter 
kilogram-force/square centimeter 

T o 

newton meter 
kilogram-force meters 

Definition 
One joule ( J ) is the work done by a one-newton force moving through a 
displacement of one meter in the direction of the force. 

6894.8 
0 .68948 
0 .070307 

Multiply by 

1.3559 
0 .13826 

To convert from 

foot-pounds-force 
foot-pounds-force 
ergs 
b.t.u. 
foot-pounds-force 

1 cal (gm) = 4 .1840 joules 

To 

joules 
meter-kilogram-force 
joules 
cal (gm) 
cal (gm) 

Multiply by 

1.3559 
0 .13826 
1 x 10 - 7 f 
252 .00 
0 .32405 

T E M P E R A T U R E C O N V E R S I O N T A B L E 

T o convert °F to °C ° C = - — — 
1.8 

°F °C 

98.6 37 
99 37.2 
99.5 37.5 

100 37.8 
100.5 38.1 
101 38.3 
101.5 38.6 
102 38.9 
102.5 39.2 
103 39.4 
103.5 39.7 
104 40 .0 

* A slug .is a unit of mass which if acted on by a force of one pound will have an acceleration of one foot per 
second per second. 



I N F O R M A T I O N F O R A U T H O R S 

ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

All submit ted manuscr ipts should inc lude: 
1. THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the dupl icate manuscripts 

should be complete wi th i l lustrat ions to facil i tate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in 

the body of the text. 
3. LEGENDS. List all i l lustrat ion legends in order, and number to agree with i l lustrat ions. 
4. ILLUSTRATIONS. Provide any or all of the fo l lowing: 

a. Black and white glossy pr ints 
b. Original drawings or charts 

Dono f submit : 
a. Slides (colored or black & white) 
b. Photocopies 

PREPARATION OF MANUSCRIPT 

1. Manuscr ipts must be TYPEWRITTEN, DOUBLE-SPACED and have WIDE MARGINS. 
2. Indicate FOOTNOTES by means of standard symbols (*). 
3. Indicate BIBLIOGRAPHICAL REFERENCES by means of Arabic numerals in parentheses (6). 
4. Write out numbers less than ten. 
5. Do not number subheadings. 
6. Use the word "F igu re " abbreviated to indicate references to i l lustrat ions in the text (. . . as 

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 

1. Number all i l lustrat ions. 
2. On the back indicate the top of each photo or chart. 
3. Write the author 's name on the back of each i l lustrat ion. 
4. Do not mount prints except wi th rubber cement. 
5. Use care with paper cl ips; indentat ions can create marks. 
6. Do not wri te on pr ints; indicate number, letters, or capt ions on an overlay. 
7. If the i l lustrat ion has been publ ished previously, provide a credit line and indicate reprint 

permission granted. 

NOTES: 
—Manuscr ip ts are accepted for exclusive publ icat ion in ORTHOTICS AND PROSTHETICS. 
—Art ic les and i l lustrations accepted for publ icat ion become the property of ORTHOTICS AND 

PROSTHETICS. 
—Rejected manuscr ipts wi l l be returned wi th in 60 days. 
—Publ icat ion of art icles does not const i tute endorsement of opin ions and techniques. 
—All materials publ ished are copyr ighted by the American Orthot ic and Prosthetic Associa­

t ion . 
—Permission to reprint is usually granted provided that appropr iate credits are given. 
—Authors wil l be suppl ied wi th 25 reprints. 



Fracture 
bracing 



lets your 
patients function 
while they heal. 
Encourages mobility and functioning of the extremity during the 
healing process—Adjacent joints remain mobile, reducing the need 
for post-fracture physical therapy—eases the economic burden for the 
patient by permitting faster resumption of full activities. 

ORTHOPLAST® Splints: the ideal material for fracture brac ing-
Lightweight, strong and durable, the ORTHOPLAST material is an 
easy-to-mold thermoplastic that can be worked with bare hands, is 
strong, conformable, self-adherent and washable, and has established 
its clinical benefits in tibial, femoral, Colles' and forearm fractures.1 5 

References: 1 Sarmiento, A.: Functional below-the-knee brace for tibial fractures, J . Bone Joint Surg. 
52-A-.295,1970. 2. Sarmiento, A.: Functional bracing of tibial and femoral shaft fractures, Clin. Orthop. 
82:2 ,1972. 3. Sarmiento, A., Cooper, J. , and Sinclair, W.F.: Forearm fractures, J. Bone Joint Surg. 
57-A:297,1975. 4. Sarmiento, A., era/ . : Col les' fractures, J. Bone Joint Surg. 57-/4:311,1975. 
5. Sarmiento, A.: Functional bracing of tibial fractures, Clin. Orthop. 705:202,1974. 

ORTHOPLAST 
SPLINTS 

To immobilize 
the fracture, 
not the patient 

| ~j Educational literature, reprints, brace pat-
Please send more information on functional bracing with 
ORTHOPLAST® Splints, 

Name 

Hospita l 

City State Z ip 

terns and samples may be obtained by writ ing 
to Johnson & Johnson, Department J-408, 
New Brunswick, New Jersey 08903. 

© Jj©&+t»OM*̂ ©&*t*cm 1976 
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B74 nosslyn Drive 
Inclnnati Ohio 45209 
13-271-4534 

285 Highland Cross 
Rutherford. N J 07D7O 
201-438-4132 

tan Francisco 
48 Victory Avenue 
b San Francisco Calil 
4080 415-761-3335 
I- - • - • " • 

in Canada Contact 
Airway Surgical 
Appliances L i d . 
Ottawa. Ontario 
KIR5T8 



FOR FIT & COMFORT 
OUR FAMOUS 
"BRACE SHOE" 
THE ROVER 
• L E A T H E R S O L E & H E E L 
• L O N G C O U N T E R 
• E X T R A S T R O N G S T E E L S H A N K 
• G O O D Y E A R W E L T C O N S T R U C T I O N 

O t h e r Patterns A l s o Ava i l ab le 
For Brace W o r k 

Sizes: 5-12 in varying widths, 
leather upper. 
Colors: Black, White, Beige, 
Blue, Green & Taupe Gluv. 
Brown 1 Demi-Llama 

DREW • DR. HISS 
CANTILEVER • DICKERSON 

Please Send For Our In Stock Catalog 
2 5 2 Q u a r r y R o a d / L a n c a s t e r , O h i o 4 3 1 3 0 

r NEWS LET ER . . . P r o s t h e t i c s a n d O r t h o t i c s C l i n i c 

A quarterly publication providing the means for interdisciplinary discussion among physicians, therapists, 
and practitioners. Its eight pages contain important articles, spirited dialogue, and a sense of shared discov-
ery, making it a valuable publication. 

Enclosed is my check for $8.00 for a 1 -year subscription to the Prosthetics and Orthotics Clinics Newsletter. 
(Foreign Subscription Price is $9.00) 

Mail to: 
AAOP 
1444 NStreet. N.W. 
Washington, DC. 20005 

Name 

u 

Address 

_ u 
City State Zip 

_ u _ 
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N E W F R O M S M A L L E Y & B A T E S 

VELCRO® Splint Strap 
Fasteners. Attach instantly, 
provide complete adjustability. 

ft. 
THE FACTS: 
VELCRO Hook and L o d W Fasten­
ers for secure hold • Use w i t h p r e ­
formed spl ints , spl int ing materi­
als, arm boards • Long life permits 
repeated spl int removal for exam 
• Presure sensitive adhesive back­
ing for instant attachment • Permits 
convenient spl int removal and re­
placement • Strap remains attached to 
the splint e l iminat ing the need for new 
tapes. C o n t a c t y o u r s u p p l i e r t o d a y . 

IMPORTANT TO REMEMBER: All hook and loop fasteners look much alike. But they don't 
function that way. For dependability's sake, demand the best — VELCRO BRAND 
FASTENERS. You can't afford less. 

j n s i ist on 

S M A L L E Y & B A T E S . I N C . 
IS>] 88 Park Avenue, Nulley. NJ 07110 - 201/661-5155 
M EXCLUSIVE DISTRIBUTORS OF VELCRO PRODUCTS FOR HEALTH CARE 
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For The Complete Line 
Of Orthopedic Appliances 
And Brace Components 

B E C K E R 
O R T H O P E D I C A P P L I A N C E C O M P A N Y 

O U R 4 4 t h Y E A R 

S e n d for Comple te Catalog 

1776 South Woodward Avenue, Birmingham, Michigan 48011 

P R E F A B R I C A T E D 

M I L W A U K E E 

G I R D L E S 

• Designed with even 3 /16 thickness consistency throughout . 
• Made in either medium or low density polyethelene. 
• Extra high form for high curve correct ion. 
• Avai lable in seven standard sizes. 
• Avai lable in complete assembly f rom measurements or 

negative cast. 

(Measurement & technique instructions available.) 

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

11913SO. Prairie Ave.. Hawthorne, Calif. 90250 • Phone (2131 644-9336, 644-5597 
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Y o u ' r e 

i n t h e 

B u s i n e s s 
You're in the business. You know how much the orthotic and prosthetic field has grown in 
the last decade. You know that complex technology has replaced the methods and devices 
of yesteryear. You know that a facility can not function without a qualified orthotist or pros­
thetist. You can look ahead to more growth, more development, and a need for more qual­
ified pracitioners whose education has prepared them for the future. 

Where will we find these practitioners? At universities and colleges. Students are will­
ing and eager to enter the professions; unfortunately, a professional education is expen­
sive. You can assure our profession of a steady supply of well-educated, certified ortho­
tic and prosthetic practitioners by giving to the American Orthotic and Prosthetic Edu­
cation Fund, Inc., which 
seeks out and aids deserving 
students. 

I 1 
Yes, I'd like to help our industry by helping a deserving student of or­
thotics and prosthetics. Enclosed please find my check for$ . 

Your tax-deductible contri­
bution will support the educa­
tion of these bright young 
people. Your profession 
needs your help today, to ed­
ucate the pracitioners of to­
morrow. Send a check now. 

Name 

Firm 

Address 

City. State Zip 
(make checks payable to AOPEF, and mail to 1444 N St.. NW, Wash., D C 20005) 



AMERICAN ORTHOTIC AND 
PROSTHETIC ASSOCIATION 
BUSINESS MANAGEMENT 

SEMINAR 

Presented by 

THE AOPA BUSINESS 

PROCEDURES AND DATA COMMITTEE 

will be held at 

THE HILTON INN GATEWAY HOTEL 

ORLANDO, FLORIDA 

JANUARY 17 & 18,1978 

Located a few miles from the 
Orlando Hyatt House—site of 
this year's AAOP Roundup. 

For Further Information Write to: 

Business Management Seminar 
American Orthotic and Prosthetic Association 

1444 N Street, N.W. 
Washington, D.C. 20005 



TWO-POST ORTHOSIS for stabilizing 
cervical and upper thoracic regions. 

Spinal orthoses are our only product. They are only 
available through ethical dispensing orthotists. Because 
of this we have the motivation and the skill to provide 
you with the highest Quality orthoses possible for max­
imum acceptance by your doctors and patients. And we 
back you up with, 24-hour delivery of your prescription 
orders anywhere in the country. Plus, we have a price 
structure to make our service • u g m •• 
your most profitable way to w* 101*1Cm«1 
fill prescriptions. Florida Brace n 

Corporation, P.O. Box 1299, H>1*51C© 
Winter Park, Florida 32789. 

Corporat ion 



SUTTON'S A P P L I A N C E F A C T O R Y . 

You'll Develop An 
Attachment For It 

Sutton's powerful l imb & 
brace machine combines 2 
60" fast cutt ing sanding 
belts with a total of 23 
different optional attach­
ments which f i t on the 
ends of the shaft. For 
gr inding, shaping, polish­
ing, rout ing; other opera­
tions on wood, plastic or 
metal. Powerful dust con-

. trol system. A key piece of 
'equipment for the l imb & 

brace professional. Wr i te 
today! 

/ 3 5 0 0 S c a r l e l Oak « St. Louts. Mo. 63122 « 314-225-5255 
[ ] Send complete Information on Sutton's S / J - 2 - 0 
[ ] Send complete Sutton catalog 

Address 

City. State. Zip 

Telephone 



A M E R I C A N ORTHOTIC A N D PROSTHETIC A S S O C I A T I O N 
1444 N STREET, N.W. 

W A S H I N G T O N , D.C. 2 0 0 0 5 
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