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INTRODUCTION 
W e i g h t , l ike any o the r c o m p o n e n t , is a 

factor in pros the t ic des ign , bu t it ha s b e e n 
on ly unt i l recent ly , w i t h the advent of more 
soph i s t i ca ted mater ia ls , that w e i g h t re
duct ion has d rawn so m u c h a t ten t ion . In i 
tially d e s i g n e d for the geriatr ic ampu tee , 
t e c h n i q u e s were deve loped to reduce as 
m u c h of the w e i g h t of a p ros thes i s as pos 
s ib le . 

In 1976, M o s s Rehab i l i t a t i on a n d R a n c h o 
L o s A m i g o s Hosp i t a l s d e v e l o p e d the 
b e l o w knee ultral ight p ros thes i s . M a d e of 
po lypropy lene , the ul t ral ight w a s 65 per
cen t h i g h e r than a conven t iona l p ros thes i s . 
Desp i t e the w e i g h t reduc t ion , h o w e v e r , 
the ul tral ight w a s no t wide ly accep ted b e 
cause of its lack of durabi l i ty and difficult 
fabr ica t ion p rocedure . 

In 1979, W i l s o n and Has lam in t roduced 
the AFP (adapt ive f ixat ion pros thes i s ) endoskeletal sys t em, and in 1980, R o m a n and 
Mot t deve loped a ho l low lamina ted pros
thes i s . T h e s e and o the r ul tral ight tech
n i q u e s (Le imkueh le r , 1982) have and wil l 
con t inue to b e deve loped as the n e e d for 
l igh tweigh t pros the t ic sy s t ems increase . 

The fol lowing art icle p resen ts a ho l low 
l igh twe igh t (l 1/2 to two pound) be low knee 
pros thes i s that can be used b y the geriatr ic 
as well as the aggress ive ampu tee . I ts fabri
cat ion and presc r ip t ion cr i ter ia wil l b e dis
cussed . 

FABRICATION 
Fabr ica te a l iner on the case in the usual 

m a n n e r . T h e n l amina te a socket u s ing four 
layers of nyglass (623 T11 Ot to Bock) one 
layer of f iberglass (616G3 Ot to Bock) and 
acrylic r e s in (617H19 Ot to B o c k ) . Use only 
acrylic r e s in for this p ros thes i s . 

Select a Pedi lan foot (1S19 Ot to Bock) o f 
the appropr ia te s ize and enlarge the bolt 
ho le us ing a 2 5 / 6 4 i nch drill, t h e n at tach the 
Pedi lan foot to an endoske le ta l pylon us ing 
a 1 0 m m bol t . The Pedi lan foot p rovides the 
same funct ion as the S A C H foot a n d 
w e i g h s less (Figure 1 ) . 

Figure 1. The Pedilan foot provides 
SACH foot action yet weighs consider
ably less. 



Figure 2. Components as
sembled for dynamic 
alignment. 

Figure 3. Remove the endoskeletal pylon after dy
namic alignment is com
plete. 

Figures 4 and 5. Fill the void with rigid polyurethane 
foam. 

W i t h the endoske le ta l c o m p o n e n t s and 
socke t he ld in p lace , attach the a l ignmen t 
b lock (5R1 Ot to Bock) to the socket u s ing 
r igid po lyure thane foam (617H12 Ot to 
Bock) as s h o w n in Figuure 2. ( N O T E : Leave 
the PVA bag on the socket pr ior to foaming 
so that the foam can later be r emoved from 
the socke t ) . 

Reinforce the foam/a t t achment b lock 
j u n c t i o n wi th f iberglass tape and dynami 
cally a l ign the p ros thes i s . Cau t ion should 
b e taken at this po in t to make sure th i s is 
accurate because o n c e the p ros thes i s is 
f in i shed , it is i m p o s s i b l e to make any 
a l ignmen t c h a n g e s . 

After the p ros the s i s is dynamica l ly 
a l igned , r emove the pylon and a t tachment 
b lock (Figure 3 ) . Separa te the socket from 
the a t t achment b lock by cu t t ing the foam 
jus t proximal to the b lock, and fill the vo id 
b e t w e e n the socket and the foot wi th r ig id 
po lyure thane foam (Figures 4 and 5 ) . 

S h a p e the foam accordingly, t ak ing in to 
account that the c i rcumferent ia l measure -

m e n t s n e e d to b e 1/2 inch smal ler than the 
contralateral m e a s u r e m e n t s to al low for the 
th i ckness of the outer l amina t ion (Fig
ure 6 ) . 

Ho l low out the plantar surface o f the keel 
1/8" and pull a b e l o w knee ny lon over the 
foam and socket to m a k e a s m o o t h surface. 
App ly a PVA bag over the ny lon and seal it 
distally, a long the plantar surface of the 
foot. T h e n l amina te a p re l iminary socket 
us ing , in the fo l lowing order , one layer of 
nyglass , one layer o f f iberglass , one layer o f 
nyg lass , and acrylic res in . O n c e the l ami
na t ion is ha rdened , split the shell d o w n the 
back u s i n g a cas t saw (Figure 7 ) . To avoid 
cut t ing the socket , it may b e necessa ry to 
split the shell w i t h a knife in the socket 
area. R e m o v e the shel l from the foam a n d 
t r im it p roximal ly a round the M P area o f 
the foot. ( N O T E : The re mus t b e a one to 
two inch over lap of l amina ted mater ia l 
b e t w e e n the socket and shel l) . 

O n c e t r immed , p lace the shel l b ack o n 
the foam and mark its locat ion (Figure 8 ) . 
T h e s e marks mus t be as accurate as pos s i 
b l e , o the rwise the a l ignment wil l b e off. 
R e m o v e the t r i m m e d shell from the pros-



Figure 6. Shape the foam 
accordingly. 

Figure 7. Cut the preliminary shell pos
teriorly and remove it from the foam 
mold. 

Figure 9. Bond the 
posterior seam to
gether along the in
side. 

Figure 10. Glue the preliminary shell to the socket. 

Figure 8. Mark the location of the shell 
on the socket. 

thes i s and b o n d the pos ter ior s e a m to
ge ther a long the i n s ide u s ing three layers 
o f o n e inch w i d e f iberglass w e b b i n g and 
acrylic res in (Figure 9 ) . If the f iberglass 
c a n n o t b e p laced in s ide the foot sec t ion , 
seal it a long the r eces sed plantar surface. 
R e m o v e the foam from the socket a n d glue 
the p re l iminary shel l to the socket u s ing 
sea l ing r e s in (Ot to B o c k 617H21) (F igure 
10) . B e cer ta in that all the loca t ion marks 
match up . 

Dril l a 3/8 inch ho le in the metatarsal area 
o f the foot. B e careful the drill doesn ' t g rab 



Figure 11. Drill a 3/a inch hole in the 
metatarsal area of the foot. 

Figure 1 2 . Fill the entire prosthesis 
with sand. 

Figure 13. Reinforce the prosthesis 
with several layers of carbon fiber. 

and go th rough the do r sum of the foot 
(Figure 11) . Fil l the p ros thes i s w i th sand 
and seal the hole w i t h m a s k i n g tape (Figure 
12) . T h e s and wil l keep the shell from col
l aps ing dur ing the s e c o n d l amina t ion . 

S a n d the p ros thes i s to insure a good 
b o n d b e t w e e n the ou te r l amina t ions , and 
s m o o t h d o w n all r i dges b e t w e e n the socket 
and p re l iminary shel l . T h e n lamina te the 
secondary socket u s ing , in the fol lowing 
order , two layers o f c a rbon f iber (Ot to Bock 
6 1 6 G 1 2 ) , o n e layer o f f iberglass , and two 
layers of nyglass and acrylic res in . C a r b o n 
f iber i s a h i g h s t rength , low modu lus (stiff) 
material that produces a strong and l ight
w e i g h t p ros thes i s . 

T h e ca rbon is pu t d o w n first because i ts 
b lack color has a t e n d e n c y to b l eed through 
if left o n the top. C o v e r w i th several layers 
o f fabr ic . Lay the ca rbon a round the foot, 
ankle and p rox imal b r i m , and anter ior and 
pos ter ior sec t ion of the calf (F igure 1 3 ) . To 
do th i s , first de t e rmine the shape or s ize of 
the ca rbon n e e d e d and run a p iece of dou

b le- faced tape (3M # 9 5 0 ) a long the cu t t ing 
edge . Cu t d o w n the middle o f the tape, 
r emove the paper b a c k i n g , a n d st ick the 
p iece of ca rbon in place . T h i s t e c h n i q u e 
keeps the edges from unrave l ing and keeps 
the fabric in place dur ing l amina t ion . D o 
no t run the ca rbon into the ears of the su
pracondylar socket because it m a k e s t h e m 
too r ig id ; and don ' t run the ca rbon a round 
the edge o f the p ros thes i s because it m a k e s 
t r i m m i n g difficult. 

T h e a m o u n t of v a c u u m used dur ing the 
final l amina t ion shou ld b e kept to a m i n i 
m u m . Even wi th the s and , i f too m u c h vac
u u m is appl ied dur ing the final l amina t ion , 
the ou te r shell wil l co l lapse . O n c e the final 
l amina t ion is comple t e , redrill the hole in 
the b o t t o m o f the foot and dra in out the 
sand . 

S a n d the plantar aspect of the p ros thes i s 
and at tach the foot u s ing sea l ing res in . Fill 
the crack b e t w e e n the foot and the p ros the
s is w i t h f lesh/ l ight b r o w n latex caulk or a 
mixture of sea l ing res in a n d solkafloc. 



Figure 14. Fill the crack between the 
foot and shell with latex caulk or 
sealing resin. 

Figure 15. Paint the foot with ultra dip. 

O n c e dry (30 m i n u t e s ) , paint the foot w i th 
Ul t ra -Dip (ATCO) and let dry for 30 m i n 
utes (F igures 14 , 15 , a n d 16) . 

DISCUSSION 
T h e r e are ind ica t ions and con t ra ind ica 

t ions for any p ros thes i s and th is ul tral ight 
uni t is no excep t ion . Severa l factors need to 
be cons ide red before p resc r ib ing and /or 
fabr ica t ing th is dev ice . 

T h e ques t i on of w e i g h t versus durabi l i ty 
n e e d s to be addressed . It i s ha rd to des ign a 
p ros thes i s that is l igh twe igh t w i thou t 
c o m p r o m i s i n g durabi l i ty because as dura
b i l i ty i nc reases , w e i g h t also inc reases . 
W h a t is des i red is h igh s t rength and low 
we igh t . T h e ques t ion of just h o w s t rong a 
p ros thes i s n e e d s to b e so that the mater ia ls 
can satisfy th i s r e q u i r e m e n t wh i l e keep ing 
the w e i g h t to a m i n i m u m rema ins to b e 
s een , because the s t rength r e q u i r e m e n t 
depends so m u c h on the level o f act ivi ty of 
the part icular pat ient . 

W h i l e this p ros thes i s is d e s i g n e d to b e 
durable e n o u g h for the geriatr ic ampu tee , 
it can also b e mod i f i ed for the more act ive 

ampu tee b y add ing several layers of c a rbon 
and f iberglass a round the ankle and calf 
sec t ion (e .g . for a cons t ruc t ion worker , use 
six layers of c a r b o n ) . T h i s abi l i ty to vary the 
s t rength o f the p ros thes i s is very impor tan t 
because it al lows the pros the t i s t to cus
tomize the dev ice d e p e n d i n g on the pa
t ient ' s level of act ivi ty. 

O n e d rawback o f any ultral ight sys t em is 
that it i s more t ime c o n s u m i n g to fabr ica te . 
U n l i k e o the r s y s t e m s , th i s t e c h n i q u e 
doesn ' t r equ i re any n e w e q u i p m e n t or fab
r ica t ion skil ls because it uses conven t iona l 
l amina t ing p rocedures . T h i s t e c h n i q u e 
doesn ' t requi re ho l l owing out l ike o ther 
t e c h n i q u e s , a n d has m i n i m a l a m o u n t o f 
we igh t distally, w h i c h decreases the pendulus m o m e n t o f the p ros thes i s . 

T h i s p ros thes i s is no t r e c o m m e n d e d for 
the n e w e r ampu tee , howeve r , because it 
lacks ad jus tment capab i l i t i e s . W h i l e m i n o r 
modi f ica t ions are p o s s i b l e th rough l imi ted 
g r ind ing and /or h e a t i n g o f the socket , it is 
not poss ib le to c h a n g e the a l ignment once 
the p ros thes i s is c o m p l e t e ; therefore , more 
t ime n e e d s to b e spen t evaluat ing and 
dynamica l ly a l ign ing th i s p ros thes i s . 



Figure 16. The finished prosthesis 
weighs between 1 1/2 and 2 pounds. 

CONCLUSION 
There has b e e n m u c h interes t recent ly in 

w e i g h t reduc t ion as the n e e d for and the 
abi l i ty to m a k e l igh ter we igh t pros thet ic 
sy s t ems is inc reased . T h i s article has pre
sen t ed o n e such ul tral ight fabr ica t ion 
t echn ique and has discussed its critical fac
tors o f des ign such as durabi l i ty , we igh t 
and fabr ica t ion . It is h o p e d that o thers will 
con t inue to i m p r o v e ultral ight fabr icat ion 

t e c h n i q u e s b e c a u s e the n e e d for these sys
t ems is increas ing . 
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