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T his is a report on experience ga ined 
since publ icat ion of the article by 

Wilson a n d Stills (1) in the March 1976 
issue of "Orthotics and Prosthetics" on ul
tralight prostheses for below-knee a m p u 
tees m a d e by vacuum-forming sheet poly
propylene (Fig. 1) . T h e design resulted in 
a prosthesis that weighs one-third of the 
more conventional P T B prosthesis, with 
essentially the s a m e function, depending 
upon the t reatment of the sole and heel. 
In addi t ion to offering the possibility of 
a decrease in energy requirements , sus
pension problems might be reduced. In 
the article it was s ta ted that the Rehabi l i 
tat ion Engineer ing Center would wel
come other g roups to par t ic ipate in the 
development of this concept . 

With part ia l support from the Vet
erans Adminis t ra t ion work on this pro
ject was continued and a l though the 
original a im of the project was to provide 
a better prosthesis for the geriatr ic pa 
tient, it was found that the active pat ient 
also apprec ia ted advantages offered by 
the new design. By March 1976 a draft 
of a m a n u a l was sufficiently complete so 
that it was pract ical to invite prosthetists 
from each of the Rehabi l i ta t ion Engi
neering Centers, the Veterans Adminis
tration Prosthetics Center, and several 
privately prac t ic ing prosthetists to North
western University to become acqua in ted 

with the technique so that it could be 
appl ied in their own setting a n d provide 
information useful in m a k i n g the tech
n ique as pract ical as possible. 

With the help of the par t ic ipants the 
original fabr icat ion technique was modi
fied to use hand d r ap ing of the poly
propylene to mo ld the shank to provide 
more uniform wall thickness a n d an an
terior s e a m . A n alternate method of 
fabr icat ing the foot was also introduced 
(F ig . 2 ) . Dur ing the fall of 1976 a fabri
cat ion m a n u a l (2) was p repa red and 
submit ted to the V A with the suggest ion 
that the ultralight below-knee prosthesis 
be evalua ted nationwide through the V A 
outpat ient ampu tee clinics. 

Instead of act ing upon this suggest ion, 
the V A requested a proposal from us for 
the conduct of clinical trials through the 
Phi ladelphia Regional Office A m p u t e e 
Clinic. T h e proposal was accepted by the 
V A , a n d the p r o g r a m was init iated in 
J a n u a r y 1978 . 

M e t h o d 

Seven Phi ladelphia-area prosthetic 
firms agreed to par t ic ipate in the study. 
T h e prosthesis design selected was the one 
using the r igid toe section since it was the 
lightest of the two designs. T h e prosthe
tists were instructed in the fabr icat ion 



Fig . 1. S t e p s in f a b r i c a t i o n o f u l t ra l ight be low-knee prosthes is f r o m sheet t h e r m o p l a s t i c . 

a n d fitting of the ultralight prosthesis in 
a twelve-hour course at the Rehabi l i ta
tion Engineer ing Center of Moss Reha
bilitation Hospital in J a n u a r y 1978. 
T h e prosthetists then fitted amputees 
from the V A Regional Office A m p u t e e 
Clinics, and from their own private prac
tices who were referred to the study from 
two other local clinics. Amputees who 

were receiving their first definitive pros
thesis as well as amputees who already 
were successful P T B users were included 
in the study. D a t a were collected by 
means of questionnaires (Appendices A 
a n d B ) . For the former P T B users, one 
quest ionnaire was administered before 
fitting and another one was adminis
tered two weeks after a "satisfactory" 



F i g . 2 . T h e f o o t - a n d - a n k l e sect ion o f a n u l t ra l igh t be low-knee prosthes i s when the full funct ion o f a S A C H 
foot is des i red . 

fit was obta ined. A "satisfactory" fit was 
one which was agreeable to both the 
pat ient a n d prosthetist. In addit ion, an 
unannounced followup was done one 
month after the final fitting in order to 
determine if the subjects were still using 
the ultral ight prosthesis or if they h a d 
gone back to their conventional pros
thesis. At this t ime the subjects were also 
asked whether they liked the lightness of 
the prosthesis, other factors as ide . T h e 
prosthetists were given a quest ionnaire 
(Appendix C ) after all patients h a d been 
fitted in order to assess fabricat ion and 
fitting problems and the applicabil i ty of 
the device as a first definitive prosthesis 
versus a P T B replacement . D a t a in this 
respect were not collected on the new 
amputees since they had no prosthetic 
experience on which to base a compar i 
son. 

T o da te (January 1979), the sample 
consists of thirty-six patients who have 

been fitted with the ultralight prosthesis. 
Of that number , four are receiving it 
as their first definitive prosthesis. Of the 
remain ing thirty-two patients, complete 
d a t a have been obta ined on fourteen. 
All but one are m a l e . One pat ient d ied 
dur ing the course of the study from an 
unrela ted cause . 

Resu l t s 

T h e patient d a t a are presented in 
F igure 3. T h e responses of one patient , 
H . G . , need to be considered in light of 
the fact that shortly after receiving the 
prosthesis he moved out of s tate . H e then 
h a d a structural failure of the foot of 
the prosthesis which altered its cosmesis, 
fit, and a l ignment . He indicated that 
this was the reason for his unfavorable 
response to several of the questions. 
Those responses are circled. H e was un
ab le to return to Phi ladelphia to be fitted 



with another ultralight prosthesis. 
T h e following general conslusions can 

be drawn from this prel iminary d a t a : 

1. Al though wear ing t ime and walking 
dis tance do not appea r to increase 
when the lighter prosthesis is used 
the overwhelming majority of the 
subjects felt that the lighter pros
thesis requires less energy to walk 
with than a conventional prosthesis. 

2 . Opinions were mixed regard ing 
which prosthesis is easiest to control 
a n d which one was the most com
fortable to walk on. In both cases, 
however, the majori ty favored the 
exper imental prosthesis. 

3. T h e majority of the subjects felt 
that conventional prostheses are 
more cosmetically acceptab le than 
the ultral ight (polypropylene) 
mode l . 

4 . For the most par t , either there was 
no difference in ease of donning and 
doffing, or else the lighter pros
thesis was slightly superior in this 
a rea . 

5. T h e overall preference was over
whelming for the ultralight pros
thesis. T h e two who preferred their 
conventional prosthesis both liked 
the lightness of the exper imental 
prosthesis, but they were very dis
satisfied with the foot act ion. 

6. The re were six incidences of struc
tural fai lure. Th ree were fractures 
of the polypropylene at the toe a rea 
of the foot. T w o other cases 
involved crushing of the internal 
keel foot. T h e other failure was a 
subluxat ion of the socket within 
the shank. T h e first two problems 
were corrected by using an external 
keel foot. T h e socket problem was 
solved by using a heavier g u a g e 
polypropylene and meticulous 
welding at the b r im. It m a y be 
noted that structural failures oc
curred with both of the bilateral 

amputees . Structural failure also 
occurred most frequently in patients 
who subjected the prosthesis to ex
treme stress, as would be expected. 

7. All but three subjects were using the 
ul tral ight prosthesis at follow-up. 
Of the three who did not, two gave 
their reasons as dissatisfaction with 
the "fit" that they h a d as a result of 
the r igid foot. T h e third subject 
( H . G . ) was not wearing his prosthe
sis because the crushed foot pre
c luded its use . 

8. T h e subjects were unan imous in 
their approval of the lightness of 
the prosthesis. 

9. Ha l f of the patients commented 
that they disliked the r igid foot of 
the prosthesis, and there were some 
interesting comments about the 
light weight of the prosthesis. T w o 
subjects ( L . B . and J . C . ) commented 
that the lighter weight noticeably 
reduced pistoning of the s tump in 
the socket. T w o others ( A . W . and 
H . G . ) stated that they had found 
the leg useful for work in and 
a round water. A . W . also Com
mented that his s tump was in better 
condit ion than it h ad ever been 
before. R . S . felt that the light
weight legs were superior to his con
ventional ones in every way except 
durabil i ty. D a t a from the prosthetists's questionnaires has not 
been compi led yet since some sub
jects are still undergoing fitting 
modif icat ions. F r o m informal com
municat ion, however, the princi
pa l complaints of the prosthetists 
a r e : (a ) that the ultralight pros
thesis is difficult to modify once it 
is m a d e ; (b) structural failures, 
especially at the foot, pose a prob
lem. 

Discuss ion 

T h e prel iminary d a t a seem to indi
ca te that the concept of an extremely 



Fig . 3 . C h a r t showing i n t e r i m resul ts o f c l in ica l t r ia l s o f u l t ra l ight be low-knee prosthes i s . 

light below-knee prosthesis is val id . T h e 
model used for this study seems to be 
inferior to conventional below-knee pros
theses only in the areas of adjustability, 
durabil i ty, and , in some cases, function 
of the foot. Ha l f of the patients sampled 
compla ined about action provided by 
the rigid foot. Most frequently the com
plaint was that heel-strike was j a r r ing , 
and that it was hard to walk up inclines 
because of difficulty in "rolling over" 
the foot. T h e complaints about the rigid 
foot may be simply a matter of "gett ing 
used to it," especially after being used to 
a S A C H foot. Nevertheless, the rigidity 
of the foot as well as its structural weak
ness can probably be solved by the incor
pora t ion of an external keel foot, a pos
sibility now be ing considered by the R E C . 
It is es t imated that an external keel foot 
would a d d about 8 oz. to the prosthesis. 
R e g a r d i n g cosmesis, the R E C is now 
investigating the use of prosthetic skins 

that have been developed elsewhere. 
T h e current model is probably best used 
with patients who do not subject the pros
thesis to extreme stress. It is of potential 
benefit to amputees of all ages , but it may 
be part icularly indicated for patients 
with cardio-vascular impai rments . 

A final report on this project will be 
issued toward the end of 1979. Mean
while a new fabricat ion m a n u a l will be 
published, a n d it is hoped that the Amer
ican Academy of Orthotists and Pros
thetists will undertake a nationwide clini
cal evaluat ion of this technique on behalf 
of the Veterans Adminis t ra t ion. 
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