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INTRODUCTION 
T h i s paper p resen t s the results of a c l in i ­

cal evaluat ion o f an u l t ra l ightweight poly­
propylene be low knee pros thes i s recent ly 
comple t ed at the Nat iona l Cen t re for 
T ra in ing and Educa t ion in Pros the t ics and 
Or tho t i c s , S t ra thc lyde Univers i ty , and its 
p ros the t ic c l in ic at the Sou thern Genera l 
Hospi ta l in Glasgow. T h e evaluat ion w a s 
funded b y the Scot t i sh H o m e and Heal th 
Depa r tmen t . T h e u l t ra l ightweight poly­
propylene p ros thes i s wil l b e referred to as 
U P in s u b s e q u e n t d i scuss ion ; s imilar ly, 
the a m p u t e e s ' p rev ious res in l amina ted 
p ros thes i s wil l b e referred to as O P (origi­
nal p ros thes i s ) for brevi ty . 

T h e concep t of U P was deve loped at 
M o s s Rehabil i ta t ion Hosp i t a l 1 and at Rancho Los A m i g o s Hosp i t a l . 2 A report of an 
evaluat ion in Phi ladelphia of a U P was 

publ i shed in Orthotics and Prosthetics, Vol. 
3 3 , No . 2, J u r e , 1 9 7 9 . 3 Information from 
ques t ionna i res c o m p l e t e d during this eval ­
uat ion indicated an overall preference for 
the U P by the ampu tees compared with 
their previous prosthesis , a l though half of 
the a m p u t e e s disliked the rigid poly­
propylene foot of this type of pros thes is . A 
revised fabrication manua l w a s subse­
quent ly produced , r e c o m m e n d i n g an ex­
ternal kee l foot. 

T h e des ign ut i l ized in this eva lua t ion in­
corporated a supracondylar suspended 
po lypropy lene socket wi th a soft Pel i te 
liner® (Pelite is the trade name of a closed 
cell po lye thy l ene foam ma te r i a l ) . T h e 
socket is we lded to a ho l low po lypropylene 
calf and kee l , w h i c h is b o n d e d to the flex­
ible soleplate o f an external keel O t to Bock 
S A C H foot. A s tockine t te cosme t i c cover is 
appl ied . 



In the early s tages of the G la sgow eval­
ua t ion of a UP, manufac tur ing p rob­
l ems—resu l t ing from part icular c o m b i n a ­
t ions o f mater ia ls and hand l ing tech­
n i q u e s — w e r e encoun te r ed , resul t ing in 
loss of a l ignment . T e c h n i q u e s to c o m p e n ­
sate for these difficulties were ident i f ied 
and repor ted in Prosthetics and Orthotics 
International, Vol . 8, N o . 1, Apr i l , 1984. T h e 
cl inical eva lua t ion w a s delayed unt i l such 
t ime as the c l in ic ian and pros the t i s t s were 
sat isf ied wi th the U P a l ignment s and that 
differences b e t w e e n U P and O P were 
m i n i m i z e d . A detai led manua l of the m a n ­
ufacturing m e t h o d adopted is avai lable 
from the Nat iona l Cen t re for T ra in ing and 
Educa t ion in Pros the t ics and Or tho t i c s , in 
G la sgow, Sco t l and (Bal lan tyne et . al . , 
1 9 8 3 ) . 4 

• T h e five a ims o f the G la sgow evalua­
t ion w e r e to 
— M o n i t o r a m p u t e e s ' r e sponse to this 

modi f i ed U P v ia ques t i onna i r e s 
s imi la r to the Ph i l ade lph ia evalua­
t ion 

— A s s e s s act ivi ty level changes wi th a 
step coun te r 

— N o t e c o m m e n t s of the c l in ic team 
— R e c o r d the we igh t s of the U P a n d 

the O P 
— N o t e the manufac tur ing t imes and 

mater ial cos ts of the U P 
A total of 24 act ive male ampu tees w e r e 

suppl ied wi th a UP. F igures 2 and 3 provide 
ampu tee d e m o g r a p h i c s . 

Figure 2. Amputees' Age Groups (years) 



Figure 3. Years Wearing Prostheses 

Table 1. Amputees' opinion of old prosthesis 

T h e 24 ampu tee s all p rev ious ly w o r e a 
res in l amina ted p ros thes i s w i th a soft Pe ­
lite® l iner and S A C H foot. T w e n t y - o n e of 
the O P had supracondylar su spens ion , the 
o the r three O P w e r e cuff su spended . T w o 
pros the t i s t s w e r e involved in the f i t t ings. 

RESULTS OF CLINICAL 
EVALUATION 
• Monitoring Amputee Response 

T h e ampu tee s were in formed that the 
mater ia l o f the p ros thes i s w a s c h a n g e d and 
thei r comparab le v i e w s of the O P and the 
U P were requ i red . Q u e s t i o n n a i r e s were 
comple t ed by the ampu tees a n d c l in ic t eam 
at pe r iod ic intervals . Dur ing the first vis i t , 
w h e n a nega t ive impres s ion w a s taken for 
the UP, the a m p u t e e was asked h i s o p i n i o n 
of h i s current p ros thes i s (OP) (Table 1 ) . 

T h e ampu tee s were also asked h o w 
m a n y hour s per day they w o r e thei r O P 
and also h o w far they walked . T h e wea r ing 
t ime ranged from seven to 16 hour s , w i th 
an average of 14 hour s . The wa lk ing dis­
tance ranged from 200 yards to four mi les , 
w i t h an average o f 1 1/2 mi les per day. T h e 
informat ion from th is first ques t ionna i r e 
p rov ided data that cons t i tu ted a start ing 
po in t . 

T h e s econd a n d thi rd ques t i onna i r e s 
were comple ted two w e e k s and three 
m o n t h s , respect ively , after del ivery of the 
UP. T h e ampu tee s were asked to compare 
thei r O P and U P wi th respec t to a n u m b e r 
o f factors . 

• Questions 
— D o you w e a r your po lypropy lene 

p ros thes i s less/same/more hours pe r 
day than your or ig ina l p ros thes i s? 

— C o m p a r e d wi th your or ig ina l pros­
thes i s , do y o u walk less/same/more 
w i t h you r po lypropy lene p ros thes i s? 

— A r e you less/same/more t i red wa lk ing 
w i t h the po lypropy lene p ros thes i s 
vs . or ig ina l p ros thes i s? 

— D o y o u have less/same/more control of 
the po lypropy lene p ros thes i s vs . or i ­
g ina l p ros thes i s? 

— W i t h the po lypropy lene p ros thes i s , 
w h a t ac t iv i t ies do y o u par t ic ipa te in? 

— I s the socket fit o f po lypropy lene 
p ros thes i s vs . o r ig ina l p ros thes i s 
worse/same/better? 

— W a l k i n g comfor t of po lypropy lene 
p ros thes i s vs . or ig ina l p ros thes i s : 
worse/same/better? 

— D o you th ink you r po lypropy lene 
p r o s t h e s i s is heavier/same/lighter 
than your or ig ina l p ros thes i s? 

— O v e r a l l , w h i c h p ros thes i s do y o u 
prefer: original/no preference/poly­
propylene prosthesis? 

T h e final ques t i onna i r e was comple ted 
b y the ampu tee o n e m o n t h after rever t ing 
to h i s OP. Th i s p rocedure enab led the am­
putee to famil iar ize h i m s e l f w i th h i s O P 
again before b e i n g asked to compare bo th 
p ros theses . 

— W h i c h p ros thes i s do y o u prefer origi­
nal/no preference/polypropylene? 



T a b l e 2. 



Table 2 represents the ampu tee s ' re­
sponse to specif ic ques t ions compar ing the 
U P and OP. S o m e amputees did not com­
plete all ques t i onna i r e s due to e i ther the 
re ject ion of the u l t ra l ightweight pros the­
s i s , failure to a t tend specif ic c l in ics , i l lness , 
o r death dur ing the evalua t ion . T w e n t y 
ampu tees comple ted the two w e e k q u e s ­
t ionna i res and 18 ampu tees comple ted the 
three m o n t h ques t i onna i r e and the final 
ques t ionna i r e . 

S ix teen o f the 24 ampu tees preferred 
thei r UP. T h i s m a y have b e e n due ma in ly to 
a be t t e r f i t t ing socket and a general im­
proved feel ing of comfort . 

F ive of the 24 ampu tees re jected their U P 
for the fol lowing reasons : 

• O n e a m p u t e e cons ide red the U P 
socket b r i m to b e too f lexible . T h i s 
crea ted a feel ing of insecur i ty . T h e 
c l in ic t eam cons ide red this ampu tee to 
b e " c o n f u s e d . " 

• O n e U P w a s rejected due to loss o f 
a l ignment detected b y the cl inic team 
at delivery. A qual i ty control check 
had b e e n conduc ted dur ing the man­
ufacture of this p ros thes i s , bu t this 
did not detect the p rob lem. 

• O n e ampu tee expe r i enced excess ive 
pressure w i t h i n the socket at the t ib ia l 
tuberc le . T h i s p rob l em was also ex­
pe r i enced b y two other ampu tees , b u t 
m i n o r socket rect i f icat ion p roduced 
acceptable sockets in thei r cases . T h i s 
s o c k e t p r e s s u r e d i s c o m f o r t w a s 
thought to b e due to socket dis tor t ion 
dur ing manufac ture . 

• O n e amputee compla ined of excess ive 
pressure on the lateral aspect of h i s 
residual l i m b wi th the UP. T h e prosthetist had a t tempted a l ignmen t com­
pensa t ion in the U P to correct a poor 
gai t obse rved wi th h is OP. 

• O n e amputee exper i enced discomfort 
wi th the supracondylar suspens ion of 
the U P and compla ined that the foot of 
this p ros thes i s was " t o o r i g id . " T h i s 
ampu tee ' s O P was cuff su spended . 

T h e v i ews of the r ema in ing three am­
putees are inconc lus ive . O n e amputee 
failed to a t tend c l in ics after del ivery of h is 

UP, one amputee b e c a m e a bi la teral am­
putee dur ing the eva lua t ion , and the o ther 
ampu tee d ied dur ing the evalua t ion . 

Activity Level Assessment Results 
In parallel w i t h the ques t ionna i r e ap­

proach, a quant i ta t ive assessment of walk­
ing activity was carried out by fitting a pres­
sure swi tch and s tep counter b e t w e e n the 
pros the t ic foot and shoe . Sub jec t ive as­
s e s s m e n t s o f wa lk ing dis tance v ia ques ­
t ionna i res are unre l iab le . T h e pressure 
swi tch was pos i t ioned on the heel or ball of 
the foot, dependen t on the fit of the pros­
thet ic foot w i t h i n the shoe . T h e pressure 
swi tch and step coun te r w e r e worn for a 
two w e e k per iod w h e n wear ing bo th types 
of p ros theses to m o n i t o r the n u m b e r of 
s teps taken dur ing these per iods . 

Fai lure o f the p ressure swi tch dur ing the 
two w e e k pe r iod or failure of the amputee 
to a t tend appropr ia te c l in ics p reven ted a 
c o m p r e h e n s i v e study. S tep coun t data 
relat ive to bo th types of p ros theses was 
recorded for e igh t ampu tee s . T h e average 
a c t i v e a m p u t e e a c c u m u l a t e d 4 , 8 0 0 
s t eps /day (2 1/2 mi les ) w h e r e a s the average 
i n a c t i v e a m p u t e e a c c u m u l a t e d 1 ,500 
s t eps /day ( < 1 mi l e ) . No increase or de­
crease in s tep coun t w i th these ampu tees 
could b e a t t r ibuted to act ivi ty level changes 
in t roduced b y e i the r the O P or UP. 

Summarized Comments of 
Evaluation Team 

No detailed c o m m e n t s from the pros the­
tists were repor ted in the Phi ladelphia 
evaluat ion report . T h e role of the clinic 
t eam w a s to assess this type o f U P com­
p a r e d w i t h the l a m i n a t e d p r o s t h e s i s 
supplied at present . 

• T h e c o s m e s i s o f the U P was cons id ­
ered to be unsat isfactory. T h i s would 
have b e e n part icularly impor tan t for 
f e m a l e s . Spec i f i ca l l y , a r e l a t ive ly 
larger calf d i amete r and a t endency to 
damage the cosme t i c s tockinet te were 
no ted . T h e calf d iamete r was found to 
increase by 2 .5 c m s . on average w h e n 
us ing the t e c h n i q u e s inhe ren t in the 



U P d e s i g n . T h e a m p u t e e s — a l l 
ma les—par t i c ipa t ing in the s tudy d id 
not appear to be conce rned about 
cosmes i s . 

• C o m p a r e d to a res in l amina ted pros­
thes i s , more m i n o r socket adjust­
men t s o f the U P were necessary . T h i s 
was thought to b e due to s l ight local 
d is tor t ion of the po lypropy lene . A 
part icular p rob l em area wou ld appear 
to b e the t ibial tuberc le . Socke t d is­
comfort p r o b l e m s were not de tec ted at 
de l ivery of the p ros thes i s , bu t w e r e 
ident i f ied at the rev iew s tage . C o n ­
cern w a s expressed that if supply of 
such p ros theses were conduc ted on a 
n a t i o n w i d e scale , w i t h m a n y pros­
thet is ts invo lved , then potent ia l re­
sidual l i m b p rob l ems could pass un­
detec ted . 

• A favorable impre s s ion of the U P m a y 
have b e e n created b y the n e w socket 
w h i c h prov ided a be t te r fit. T h i s could 
have b e e n avo ided b y supply ing the 
ampu tee wi th a l amina ted p ros thes i s 
w h o s e socket could have b e e n dupl i ­
ca ted from a mas te r to provide the U P 
wi th an ident ica l socket . T h i s wou ld 
have ex tended the evaluat ion per iod 
cons ide rab ly as ampu tees b e c a m e ac­
cus tomed to thei r n e w l amina ted 
p ros thes i s . 

• T h e soleplate a t t achment to the poly­
propylene keel w a s cons ide red un­
satisfactory, as it w a s suscep t ib le to 
failure. 

• D i f f e r e n t t e c h n i c i a n s k i l l s w e r e 
needed than those requ i red for the 
manufacture of the l amina ted pros­
thes is des igns . T h e t echn ic ian com­
pensa ted for the shr inkage of Pelite,® 
polyure thane foam, and polypropyl ­
ene during manufacture . N e w skills 
were needed to perform the poly­
propylene welding. 

• No skin react ions were no ted . 
• T h e pros the t i s t s no ted that the inne r 

surface of the po lypropylene socket is 
rougher than that of a res in laminate 
socket . T h e result of this rough surface 
was that s o m e o f the elderly subjec ts 
had difficulty in w i thd rawing the re­

sidual l imb and Pelite® l iner from the 
socket w h e n doffing the l i m b . 

• T h e t echn ic ian r e c o m m e n d e d that 
some form of a l i gnmen t "qua l i ty con­
t rol" should be u sed before the U P is 
suppl ied to the pros the t i s t for del iv­
ery. T h i s is n e e d e d b e c a u s e the 
m e t h o d of manufac ture creates an in­
creased l ike l ihood of a l ignment loss 
compared wi th l amina t ion m e t h o d s . 
S ign i f ican t loss of a l ignment occurred 
dur ing manufac ture o f some U P s in 
the early s tages of the evaluat ion. 
These manufac tur ing p rob lems were 
o v e r c o m e b y the i n t roduc t ion of 
modif icat ions to the manufactur ing 
technique . However , the prosthet is t 
con t inued to have a reduced confi­
dence in the pros thes is . The pros the-
tist 's conf idence in the U P wou ld be 
res tored wi th more exper ience . 

• Ch i ld ren ' s g rowth spurts m a y b e 
more difficult to a c c o m m o d a t e w i t h 
the UP. 

Weights of the Ultralightweight 
Prostheses 

The we igh t of the 24 O P ranged from 2 .6 
lbs (1180 gm) to 4 .4 lbs (2020 gm) wi th an 
average of 3.2 lbs (1450 g m ) . The we igh t of 
the 24 U P ranged from 1.9 lbs (884 g m ) to 
3.0 lbs (1370 gm) wi th an average of 2 .2 lbs 
(1005 g m ) . T h i s represents a typical we igh t 
reduct ion of 30 percent . 

T h e w e i g h t o f present ly avai lable de­
s igns of modu la r be low knee pros theses is 
approximate ly 4 .4 lb (2000 g m ) . 

Manufacturing Costs 
The t imes for manufacture were no ted 

for each of the 24 UP. The first U P to be 
manufac tured was comple ted in a total of 
22 hours . Approx ima te ly six hours were 
requ i red to manufac ture the pros thes i s to 
the fitting stage and a further 16 hours were 
needed to comple te it. The manufactur ing 
t ime, which steadily decreased during the 
supply of subsequen t p ros theses , averaged 
13 hours—cons i s t ing o f 4 1/2 hours to the 
fitting stage and a further 8 1/2 hours to 
comple t ion . 



T h e typical manufac tur ing t imes in the 
same workshop for a res in l amina ted 
p ros thes i s—3 1/2 hours to the fit t ing stage 
and a further 4 1/2 hours to c o m p l e t i o n — 
demons t ra te the s ignif icant increase in 
manufac tur ing t ime requ i red to comple te 
the U P w h e n compared with a l amina t ion 
approach . The a m o u n t of t ime requ i red by 
the prosthet is t would be comparab le for 
the U P and the lamina ted pros thes is . 

T h e material cost of the UP was £ 7 8 
($116*) compared wi th £ 7 6 ($113) for a 
l amina ted pros thes i s . The m i n i m u m cost 
of e q u i p m e n t necessary for the manufac­
ture of the U P is approximate ly £ 1 6 0 0 
($2 ,380) , based on product ion by one tech­
nic ian . 

RECOMMENDED 
DEVELOPMENTS 

Polypropylene has b e e n wide ly used in 
or thot ics for several years . Exper ience 
ga ined dur ing this evaluat ion ident i f ied 
that sh r inkage and dis tor t ion of polypro­
pylene after draping does occur. Th i s is 
no t such a major p r o b l e m in or thot ics , 
w h e r e the or thos i s does not encapsula te 
the l imb and the interface forces are smal ­
ler. It can , h o w e v e r , p resen t a major p rob­
lem in p ros the t i c s , s ince the po lypropylene 
encapsu la tes the l i m b and an accurate fit is 
impor t an t to m i n i m i z e interface forces. 

In the manufac ture of the U P it mus t b e 
r ecogn ized that sh r inkage occurs w h e n ho t 
po lypropy lene is formed over a r ig id 
mode l . Tests w i th po lypropy lene on con i ­
cal plaster cas ts conf i rmed that sh r inkage 
occurs . T h e hot expanded po lypropylene 
formed over a solid mode l cannot contract 
on cool ing , creat ing s t resses in the poly­
p ropy lene . T h e s e s t resses are re l ieved and 
sh r inkage occurs w h e n the po lypropy lene 
is r e m o v e d from the mode l . A shr inkage of 
1.5 pe rcen t could be an t ic ipa ted in a socket 
resul t ing in c i rcumference shr inkage of 1/4 
in . and socket length shr inkage o f ap­
prox imate ly 1/8 in . 

T h e external keel S A C H foot w a s not de­
s igned for the UP, and , as a result , the sole-
plate of this foot is difficult to ma te wi th the 
po lypropy lene keel of the UP. In part icular , 
the adhes ive b o n d at the interface b e t w e e n 
the f lexible soleplate and the polypropyl­
ene keel is suscept ib le to failure. The in­
compa t ib i l i t y of these mater ia ls and the cy­
clic compres s ive load, appl ied dur ing 
wa lk ing , results in the adhes ive ext ruding 
b e t w e e n the surfaces . 

T h e excess ive calf d i amete r of the U P w a s 
no ted b y the pros the t i s t s and consul tant . 
Th i s p rob l em canno t b e so lved wi th the 
current U P des ign . T h e appearance of the 
cosme t i c cover could be improved , h o w ­
ever . Dur ing this evaluat ion the male am­
putees expressed little in teres t in cosmes i s 
and no major effort to improve it was un­
der taken . There fore , further research and 
deve lopmen t of the U P is d e e m e d neces ­
sary before it is accep tab le for rout ine 
supply. 

DISCUSSION 
Twen ty - fou r ampu tees were fi t ted wi th a 

p ros thes i s , w h i c h was on average 30 per­
cen t l ighter than thei r p rev ious p ros thes i s . 
T h e major i ty of the ampu tees no t i ced that 
the U P was l ighter and s tated a preference 
for it. Care must b e taken in in terpre t ing 
the reason for this preference. T h e we igh t 
reduct ion was not the only factor w h i c h 
c h a n g e d in supply ing the UP. A m p u t e e s 
for this evaluat ion were se lec ted from those 
a t t end ing rev iew cl in ics . As a result , al­
though the ampu tees were sat isf ied wi th 
the socket of their l amina ted pros theses , 
the c l in ic t eam migh t have r e c o m m e n d e d a 
socket change i r respect ive of the type of 
pros thes i s suppl ied . The t ime s ince deliv­
ery of the i r l amina te sockets var ied from 
four months to four years , wi th an average 
of 14 mon ths . T h e s e ampu tees m a y have 
been stating a preference for the improved 
fit of the n e w socket ra ther than the U P in 
general . It is sugges ted that an amputee 
suppl ied wi th a pros thes i s w h i c h is c o m ­
fortable wi th a well fitted socket will con­
sider the pros thes i s to be l ighter than h i s 
p rev ious poor fit t ing pros thes i s , even if *based on exchange rates of late August, 1986. 



both p ros theses are of s imi la r weight . T h i s 
pitfall shou ld be avo ided in future evalua­
t ions o f l igh twe igh t p ros theses . S t anda rd 
f i t t ing p rocedure was fol lowed. After 
a l ignment , the pros thes is was manufac ­
tured for immed ia t e del ivery. No inter­
media te a l ignments were under taken wi th 
the amputee . 

T h e r e sponse o f the a m p u t e e s were 
similar to those involved in the Phi ladel­
phia evaluation, apart from the Philadel­
phia amputees ' dissatisfaction with foot 
funct ion. In prac t ice , the U P d id not ex tend 
the range of act ivi t ies of the ampu tees in­
volved in the evalua t ion . T h e r e was n o sig­
nif icant inc rease in the a m o u n t of t ime the 
ampu tees w o r e the U P or s igni f icant 
change in thei r act ivi ty pat terns . T h i s m a y 
b e because this group o f es tab l i shed am­
putees have adopted a l ifestyle w h i c h is not 
in f luenced b y the we igh t o f the p ros thes i s . 
T h e w e i g h t o f shoes w o r n b y normal sub ­
jec t s does not affect the i r l ifestyle. T h e U P 
migh t , howeve r , p rovide an increased po­
tential w h i c h would benef i t the very inac­
t ive ampu tees . 

Fo l lowing the comple t ion o f the cl inical 
eva lua t ion , all ampu tees w e r e suppl ied 
wi th comfor tab le res in l amina ted pros­
theses . 

Q u e s t i o n n a i r e s , i r respect ive of careful 
phras ing of q u e s t i o n s , are no t an ideal w a y 
to under take a c l in ical evalua t ion . Ex ten ­
sive sc ient i f ic s tudies o f energy c o n s u m p ­
t ion and act iv i t ies need to b e comple ted to 
conf i rm the ph i l o sophy of a l i gh twe igh t 
p ros thes i s . 

Field trials of a U P have been comple ted 
sat isfactori ly in Eng l and . T h i s part icular 
U P differs in manufac tur ing p rocedure 
from the U P evaluated in G l a s g o w and also 
in that cuff su spens ion w a s adopted . T h e r e 
have b e e n n o p u b l i s h e d deta i led com­
men t s from the c l in ic t eams involved in 
these field trials. 

CONCLUSIONS 
T w o conc lus ions are ev iden t : 
• T h e ampu tees preferred the U P 
• T h e c l in ic team cons ide red the U P in­

ferior to the res in l amina ted pros­
thes i s . 

T h e second conc lus ion m a y have b e e n 
inf luenced b y the s igni f icant manufac tur ­
ing p rob l ems encoun te red at the start of 
this evalua t ion . T h e c l in ic team cons iders 
the obv ious we igh t reduct ion of the U P 
and acceptabi l i ty to the ampu tee over­
s h a d o w e d b y its poor c o s m e s i s , poss ib i l i t y 
o f socket sh r inkage , p o o r a t t achment o f 
f lexible soleplate to the po lypropy lene 
kee l , and genera l lack o f conf idence in the 
repeatabi l i ty o f p roduct ion . 
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