
Technical Note: 

Water Safe Prosthetics 
Edmond E. Koester, C.P. 

INTRODUCTION 
T h e fol lowing art icle is a presenta t ion on 

the fabr icat ion of a wa te rproof p ros thes i s 
for the be low knee amputee . It is an eco 
nomica l process because it is bas ica l ly a 
modi f ica t ion o f an ex i s t ing pros thes i s . 

T h e pros thes i s is made us ing a 4 m m 
subor tho lene socket , Ot to Bock ped i len 
foam, and a K ings l ey B e a c h c o m b e r foot se t 
u p (Figure 1 ) . T h e adhes ive for a t taching 
the foot is a D o w Corn ing genera l purpose 
adhes ive . A s i l icone sealant is used a round 
the edge of the sec t ion w h e r e the ankle and 
foot are b o n d e d toge ther (Figure 2 ) . 

FABRICATION 
T h e fol lowing is a descr ip t ion of the 

mold ing of the subor tho len socket and the 
set -up of the p ros thes i s . 

Firs t , the lay up of the P T B or P T S pos i 
t ive mode l is s h o w n wi th the use o f one 
cast sock, one nylon , and clear sealant (Fig
ure 3 ) . T h e next s tep is to inser t the P T B or 
P T S pos i t ive mode l in a v a c u u m forming 
sys tem, pul l ing the cast sock and ny lon 
over the pos i t ive mode l . N o w the subor 
tholen is ready to b e v a c u u m molded over 
the cast . 

Figure 1: The components of the waterproof below knee prosthesis include a subortholene 
socket, "Beachcomber" foot and ankle, and Pedilen foam. 



Figure 2: Attachment of the foot is accomplished by the use of Dow Coming general 
purpose adhesive and a silicone sealant. 

Figure 3: The layup for the subortholene socket in
cludes clear sealant, one nylon, and a cast sock. 

Figure 4: Subortholene is heated to 400°F and vacuum 
molded over the cast. 

After the subor tho len has b e e n hea ted 
to 400°F, it is then molded , sealed off, 
and a v a c u u m is a l lowed to form, caus ing a 
weld . T h e excess subor tho len is t r immed 
off wh i l e it is hot , wi th vacuum still on 
(Figure 4 ) . T h e subor tho len socket is then 
cooled w i th an air gun , and al lowed to b e 
c o m e comple te ly cool . T h i s is very impor 
tant in order to allow the subor tho len to 
b o n d wel l . T r im l ines are then de te rmined 
on the socket , and the cast is b roken out. At 
th is po in t , the socket is comple te ly fin
i shed as a s tandard P T B or P T S socket . 

T h e bas ic c o m p o n e n t s o f the wate rproof 
p ros thes i s m a y n o w be a s sembled . T h e s e 
consis t of the subor tho len socket , K ings l ey 

B e a c h c o m b e r foot, ped i len Ot to Bock foam 
sys tem, and s tandard three layer nylon 
l a m i n a t e . In our work , the u r e thane 
b o n d i n g agent for the Kings l ey foot is vir
tually unbreakab le as compared to any 
o ther agent w h i c h has b e e n used in the 
fabr ica t ion of wate rproof p ros theses . 

T h e first s tep is to a s s em b le these com
ponen t s temporar i ly on an a l ignment j i g , 
preferably a Staros Gardne r coupl ing . T h e 
pa t ien t is then a l lowed to walk barefoot 
wi th the pros thes i s through the normal 
a l ignment procedure . E m p h a s i s is p laced 
on the fact that the ac t ion will no t b e that of 



a S A C H foot or any k ind o f multi-axis ankle 
jo in t . It i s therefore pr imar i ly necessa ry to 
al ign the p ros thes i s more for s t and ing 
comfort than funct ional wa lk ing comfort . 
S i n c e the p ros thes i s is cons t ruc ted on ly for 
l ight duty use , the p ros thes i s w e i g h t is 
kept to a two to three p o u n d m a x i m u m . 

O n c e the p ros thes i s has b e e n d y n a m 
ically a l igned , it i s t hen f in i shed as a s tan
dard pros thes i s . T h e subor tho len socket is 
comple te ly roughed up wi th the large 
rough sand ing c o n e . It is then shaped , and 
the b o n d i n g is d o n e w i t h the ped i len foam. 
T h e ankle b lock from K i n g s l e y is cut to the 
lowes t pos s ib l e po in t . T h e p ros thes i s is 
then pa in ted and sea led (Figure 5 ) . T h r e e 
layers of nylon are appl ied over the pros
thes i s and a normal l amina t ion procedure 
is carried out . T h e on ly spec ia l ized l ami 
na t ion r e q u i r e m e n t is the extra t ime taken 

a round the foot-ankle area and around the 
u n d e r cuts to e l imina te as m u c h w e i g h t 
from excess res in as poss ib l e . T h e b a s e o f 
the p ros thes i s is a l lowed to cu re , and the 
distal end of the ankle sec t ion is g round to 
al low for a s m o o t h flat b o n d i n g surface to 
the foot plate . 

T h e ure thane b o n d is then appl ied to the 
foot, and the p ros thes i s (Figure 6 ) , and re
qu i res twenty-four hours to cure . It is 
sugges ted that the adhes ive b e m a d e 
s m o o t h and even to m a k e for a un i form 
b o n d . It should dry over n igh t before re 
m o v i n g tape (Figure 7 ) . 

S i n c e u re thane adhes ive is a foaming 
agent , it does b u b b l e and expand . A n y ex 
cess should be t r i m m e d off wi th a sharp 
kni fe . It shou ld b e s m o o t h e d wi th a felt 
cone or a very f ine s and ing c o n e . A medica l 
adhes ive should then b e used to seal any 
areas w h i c h have b e e n o p e n e d or exposed . 
A tongue b l ade m a y b e used for this to g ive 
a un i fo rm cosme t i c appearance . 

T h e uppe r sec t ion o f the p ros thes i s is 
s m o o t h e d and comple ted as w i t h a normal 
polyes ter l amina te pros thes i s . T h e advan
tage o f subor tho len in this sys t em is i ts 
ease of workabi l i ty , and ease o f s m o o t h i n g . 
T h e subor tho len socket shou ld only b e 
made ove r a mod i f i ed plas ter pos i t ive 

Figure 5: The limb, after bending and shaping, is 
ready to have the finish lamination applied. 

Figure 6: A smooth coat of the urethane bond is 
applied to the foot and ankle block. 



Fgure 7: After the foot is bonded, the foot and ankle 
block are taped and allowed to cure for 24 hours. 

S i n c e the subor tho len is only 4 m m thick, it 
is imposs ib l e to re l ieve the socket m u c h . 
T h e pos i t ive mode l used for the or ig ina l 
p ros thes i s is saved . After the pat ient has 
worn his p ros thes i s for an ex tens ive per iod 
o f t ime , a n d proven it to fit wel l , t hen any 
small changes m a y b e made to the pos i t ive 
mold , and the subor tho len socket made 
from the corrected pos i t ive mode l . 

CONCLUSION 
I feel th is sys t em prov ides for an eco 

nomica l m e a n s to provide the pa t ien t wi th 

two pros theses : a s tandard pros thes i s 
w h i c h m a y have a soft inser t , and a mul t i -
axis ankle jo in t or a S A C H foot w h i c h can
no t b e a l lowed to get wet . T h e wate rproof 
pros thes i s enab les the ampu tee to s hower 
and enjoy wa te r sports w h i c h he m a y have 
m i s s e d . 

T h i s p ros thes i s is very easy to const ruct , 
and offers re l iabi l i ty to the ampu tee , for its 
l imi t ed use . It can also b e used at n igh t as a 
temporary pros thes i s , as it incorpora tes a 
flat hee l S A C H foot. 

F rom the t ime this presenta t ion w a s 
g iven , at the AOPA Nat iona l A s s e m b l y in 
1981 , to now, more than two years have 
pas sed . M y facility has supp l ied approxi
mate ly twen ty amputees w i th th is p ros the
s is , and th is sys tem has proven itself to b e 
successful . Work is present ly b e i n g done 
on a s imi lar sys tem for above knee am
pu tees , and w i t h i n a few years a more 
comple te s tudy o n wate rproof p ros theses 
shou ld b e avai lab le . 
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