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T h e ab i l i ty of the lower l i m b a m p u t e e to 
par t ic ipate in recreat ional ac t iv i t ies is 
s o m e t i m e s necessa ry in order to improve 
the qual i ty o f h is o r h e r l ife. S w i m m i n g , in 
part icular , can b e an en joyab le m e t h o d o f 
exerc ise for the a m p u t e e . 

Pros the t ic devices for s w i m m i n g are 
necessary , not only to improve one ' s abi l i ty 
to s w i m , b u t to provide : 

• a safe m e a n s for ambu la t ion in and 
ou t of wate r 

• p ro tec t ion aga ins t t rauma to the re
sidual l i m b 

• cons tancy of res idual l i m b v o l u m e 
dur ing s w i m m i n g act iv i t ies 

• safety in the shower . 
C o n t e m p o r a r y pros the t ic devices for 

s w i m m i n g satisfy the latter ob jec t ives , bu t 
fall shor t of p rov id ing m a x i m u m safety. 
Espec ia l ly w h e n ambu la t ing in water , 
p r o b l e m s have b e e n encoun te red due to 
the b u o y a n c y o f these dev ices . A pros the
s i s that is fully buoyan t m a y b e hazardous 
to the weare r . A great a m o u n t o f effort 
mus t b e exer ted to keep the p ros thes i s 
s u b m e r g e d . A reduct ion in b u o y a n c y g ives 
the pa t i en t a greater degree o f cont ro l over 
the pros thes i s . H e can affect its pos i t ion 
wi th a degree of coord ina t ion and musc l e 
p o w e r that m o r e c losely approx imates 
out -of -water ambu la t ion . 

W h e n a b o d y is i m m e r s e d in a f luid, it is 
b u o y e d up wi th a force equa l to the we igh t 
o f the fluid d isplaced b y the body . T h e r e 
fore, in order to reduce the b u o y a n c y o f a 
s w i m m i n g pros thes i s , o n e mus t reduce the 
a m o u n t of wa te r that it d isp laces . 

It was our goal to des ign a s w i m m i n g 
p ros thes i s that w a s pract ical , co sme t i c , 
safe, and d isp layed a m i n i m a l a m o u n t o f 
buoyancy . W e have ach ieved this e n d b y 
cons t ruc t ing a p ros thes i s w i th a large cen
tral c h a m b e r th rough w h i c h wate r can 
en te r and exit quickly . 

T h i s c h a m b e r has a distal o p e n i n g lo
ca ted in the base of the wa te r repel lent foot, 
and a proximal o p e n i n g in the pos te r ior 
she l f of the socket (Figure 1 ) . 

Figure 1. Schematic drawing of swimming prosthe
sis: (1) central chamber, (2) proximal opening, (3) 
distal opening, and (4) distal socket drain. 



As the amputee enters the wa te r wi th the 
p ros thes i s , wa te r enters the distal o p e n i n g 
and b e g i n s to fill the chamber . A i r is 
s i m u l t a n e o u s l y e x p e l l e d t h r o u g h t h e 
p rox imal o p e n i n g . T h e wa te r level in the 
c h a m b e r wil l equ i l ib ra te w i th the wate r 
level outs ide the p ros thes i s unti l the pros
thes i s is comple te ly s u b m e r g e d . As the 
p ros thes i s is r e m o v e d from the water , a i r 
enters the proximal o p e n i n g and forces 
wate r out distally. W i t h o u t this proximal 
o p e n i n g , the ampu tee wou ld feel a down
ward pull o n the p ros thes i s due to the force 
o f the ex i t ing water . 

THE WATER REPELLENT 
FOOT 

T h e distal o p e n i n g of the central cham
ber is a 1.25 inch d iamete r ho le in the b a s e 
o f a specia l ly prepared foot. Exper i ence has 
demons t ra ted that wate r , especia l ly salt 
water , readily deter iorates the foot por t ion 
of a s w i m m i n g pros thes i s as wel l as its 
a t t achment to the shank . Efforts to reduce 
m a i n t e n a n c e and facil i tate fabr ica t ion , 
w i thou t reduc ing funct ion, have led to the 
des ign o f a wa te r repel lent foot for s w i m 
m i n g pros theses . 

T h e keel o f the foot is fabr icated from 350 
grams o f Pedi len foam (three parts hard to 
o n e part soft) poured into a neuter b l ank 
mo ld . T h i s b l ank can b e shaped to accom
moda te all foot s izes , left and r ight (Fig
ure 2 ) . 

O t to Bock Pedi len toe and sole parts are 
c h o s e n to co r respond to the pa t ien t ' s foot 

s ize and fitted to a flat r u b b e r s w i m m i n g 
sneaker . T h e keel is shaped to fit these 
c o m p o n e n t s . 

F i b e r g l a s s c l o th , i m p r e g n a t e d w i t h 
polyes ter res in , is s andwiched b e t w e e n the 
base o f the keel and the plantar c o m p o 
nen t s o f the foot. T h i s layer insures a s t rong 
keel ba se and an in t imate fit w i th the sole 
of the foot. 

THE BELOW KNEE SOCKET 
All be low the knee s w i m m i n g pros the

ses fabr icated in our laboratory ut i l ize 
P T B sockets wi th Supracondy la r o r Supra 
condylar /Suprapate l la r s u s p e n s i o n sys
tems . T h e s e have p roven to b e the suspen 
s ion types of cho ice . Auxi l iary s u s p e n s i o n s 
should b e avo ided w h e n e v e r p o s s i b l e , b e 
cause i m m e r s i o n in wate r increases the i r 
rate o f deter iora t ion and thus affects safety 
and f requency o f repair . 

As prev ious ly s ta ted, the wa te r e m i s s i o n 
rate from the central c h a m b e r can b e in 
creased b y prov id ing a p rox imal o p e n i n g 
in the pos te r ior b r i m of the socket (Figure 
3 ) . Th i s o p e n i n g is crea ted dur ing the 
socket l amina t ion . A 1.5 inch w i d e , s l ightly 
tapered , p i ece o f .125 inch th ick polye thyl 
ene is inser ted b e t w e e n the layers of s tock
ine t te pr ior to l amina t ion . T h e polyethyl
ene w e d g e ex tends to the distal e n d o f the 
socket bu t is eas i ly r e m o v e d b y hea t ing the 
pos te r ior aspect o f the socket . W h e n the 
tapered w e d g e is r emoved , it wil l leave a 
c h a n n e l that will u l t imately drain into the 
central c h a m b e r o f the shank . 

Figure 2. Components of "water repellent" foot: (left to right) neuter blank mold for urethane keel; 
shaped keel attached to Pedilen foot parts; swim sneaker. 



Figure 3. Posterior socket channel in proximal 
brim—air passes through this opening to facilitate 
equilibration of water level. 

Figure 4. Distal socket drain leads to the central 
chamber of the shank and allows water to enter the 
socket. 

Figure 5. The swimming socket and foot attached to 
the adjustable pylon are ready for fitting. 

Addi t iona l o p e n i n g s to the c h a m b e r are 
p roduced b y dri l l ing .125 inch d iamete r 
holes through the distal end of the socket 
(Figure 4 ) . T h e final result is a socket in 
w h i c h the pos te r ior c h a n n e l and distal 
o p e n i n g s e m p t y in to the central c h a m b e r 
of the shank . A i r pressure th rough these 
o p e n i n g s increases the rate of wate r flow in 
and out o f the p ros thes i s . 

ALIGNMENT AND 
FITTINGS 

T h e socket is e m b e d d e d i n u re thane 
foam and is a t tached to an adjus table 
pylon. T h e foot is a t tached to the pylon 
us ing a w o o d e n block as a b a s e for the foot 
plug (Figure 5 ) . All a l ignment p rocedures 
are per formed accord ing to e s t ab l i shed 
t e chn iques . 

S ince the s w i m m i n g foot ha s no c o m 
press ib le S A C H c o m p o n e n t , the pa t ien t 
m a y exper i ence inc reased f lexion at hee l 
s t r ike . It m a y be necessa ry to beve l the 
pos te r io r aspect of the hee l , to a 45 degree 
angle , to he lp reduce this m o m e n t . T h e 
pat ient wi l l adjust to th is s l ight inc rease in 
flexion at hee l str ike w h i l e wa lk ing on sol id 
g round . W h e n ambula t ing on sand , o r 



other soft terrain, the compres s ion of the 
sand wil l provide an even s m o o t h e r gait 
pat tern. 

A l i g n m e n t dupl ica t ion is per formed 
us ing ure thane foam as a shank filler. S u b 
sequen t to a second dynamic a l ignment , 
the pros thes is is shaped and prepared for 
the f in i sh ing process . 

FINISHING PROCESS 
(BELOW KNEE) 

After cosmet ic shap ing , the toe and sole 
parts are r e m o v e d and the p ros thes i s is 
l amina ted with polyes ter res in in two lay
ers of f iberglass s tockine t te . The pros thes i s 
is then reference marked and cut in a t rans
verse p lane at the shank . All the u re thane 
foam w i t h i n the shank is r emoved , thus 
creat ing the central c h a m b e r . T h e two hol
lowed sect ions are glued together and 
smoo thed for final l amina t ion . T h e final 
l amina t ion cons is t s of three layers o f nylon 
s tockinet te saturated with polyes ter res in 
and the appropr ia te p igment . 

After final t r i m m i n g , the Pedi len foot 
parts are adhered to the base of the keel 
wi th epoxy and covered wi th a s w i m 
sneaker . T h e sneake r is glued to the keel 
and a 1.25 inch d iamete r hole is drilled 
through the sneaker and foot parts (Figure 
6) . It is this hole that b e c o m e s the distal 
o p e n i n g of the cent ra l c h a m b e r . T h e 
f in ished pros thes i s is s h o w n in Figure 7. 

ABOVE KNEE PROSTHESES 
T h e a fo rement ioned t echn iques can b e 

incorpora ted into the fabr icat ion of above 
knee pros theses . 

T h e knee uni t o f cho ice is the Ot to Bock 
3K5 unit . It is plast ic , l igh tweight , and 
ideal for i m m e r s i o n in wa te r w h e n the 
metal ex tens ion spr ing is r emoved . T h e 
open ings in the knee e l imina te the need for 
a pos ter ior socket channe l . 

T h e foamed socket , k n e e , and water re
pellent foot are set in b e n c h a l ignment and 
glued. The pros thes i s is then fit according 
to es tab l i shed pract ice; however , the pa
tient mus t ambula te w i th the knee locked. 

Figure 6. Distal opening of the central chamber lo
cated in the base of the foot, allows free flow of water 
in and out of the chamber. 

Figure 7. The finished below knee swimming pros
thesis. 



Figure 8. The finished above knee swimming pros
thesis. 

FINISHING PROCESS 
(ABOVE KNEE) 

After the fi t t ing, the pros thes i s is s h a p e d 
and d i sa s sembled . T h e shank por t ion is 
t reated as desc r ibed under the b e l o w knee 
f in i sh ing process . It is l amina ted , cut , ho l 
lowed , and re lamina ted wi th p i g m e n t . T h e 
thigh sect ion is ho l lowed to the distal e n d 
of the socket . 

Wate r en te rs the th igh v ia the o p e n i n g s 
in the uppe r por t ion of the knee . T h e 
o p e n i n g s in the lower por t ion o f the knee 
are the proximal ent ry to the distal c h a m b e r 
that is created in the shank . 

T h e foot parts are a t tached as in the 
be low knee . T h e s w i m sneaker is g lued to 
the foot and the distal hole is dril led 
through the sneaker and foot parts (Fig
ure 8 ) . 

DISCUSSION 
W e have used the t e c h n i q u e s ou t l ined 

for more than twelve years . To date , we 
have fol lowed the progress of 34 pa t ien t s 
wea r ing s w i m m i n g pros theses fabr icated 
as desc r ibed . All the pa t ients w e r e able to 
ach ieve thei r funct ional goals , from par
t ic ipa t ing in wate r sports to taking daily 
showers . The only rout ine service is an an
nual check up to insure the in tegr i ty of the 
c o m p o n e n t s . 

T h e pat ients exper i ence no s igni f icant 
l imi ta t ions o ther than a sl ight decrease in 
s imula ted plantar-f lexion, but they easi ly 
a ccommoda te to it . A b o v e knee pa t ien ts 
are l imi ted to wa lk ing wi th the knee 
locked. L o n g above knee res idual l imbs 
present a cosmet ic p r o b l e m due to the di
m e n s i o n s o f the 3K5 uni t and the resultant 
pro t rus ion o f the k n e e . 

The re are great l imi ta t ions on the types 
of c o m p o n e n t s that can be incorpora ted 
in to a s w i m m i n g pros thes i s . D e v e l o p m e n t 
of a var ie ty o f c o m p o n e n t s , specif ical ly for 
recreat ional p ros theses , is necessa ry if we 
are to he lp in the rehabi l i ta t ion o f our pa
t ients . 
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