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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 . 


