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INTRODUCTION 
W i t h the advent o f n e w mater ia ls and 

improved surgical t e c h n i q u e s , n e w types 
o f p ros the t ic dev ices are b e i n g deve loped . 
Desp i t e these recen t i m p r o v e m e n t s , h o w 
ever , the b a s i c needs wi th regard to pros
the t ic des ign have s tayed the s a m e . C o m 
fort, funct ion , and , to a lesser degree , ad
jus tab i l i ty , durabi l i ty , c o s m e s i s , w e i g h t , 
and e x p e n s e have all b e c o m e factors in 
pros the t ic des ign a n d the i r prescr ip t ion . 
To cont inua l ly str ive for such b a s i c im
p r o v e m e n t s , and to g ive bo th the pa t ien t 
and pros thet i s t an a l ternat ive from w h i c h 
to c h o o s e , the fo l lowing sys tem has b e e n 
deve loped . 

T h i s sys tem incorpora tes c o m p o n e n t s 
that have b e e n used before in o the r pros
theses b u t n e v e r before in this c o m b i n a 
t ion to provide a p ros thes i s that can b e 
modi f i ed for temporary , def in i t ive , o r ex
t ra-ambula tory use . 

Briefly, the sys tem cons i s t s o f an endo
skeletal p ros thes i s m a d e o f polyvinyl chlo
r ide (PVC) tub ing , a thermoplas t ic total 
contact socket , and a pros the t ic foot. 

T h e advan tages of such a sys tem are as 
follows: 

Adjus tabi l i ty : c h a n g e s in a l ignment , 
foot p lacement , and socket con tou r can b e 
accompl i shed b y hea t ing the P V C tub ing 

or socket in the des i red locat ion to modify 
it as n e e d e d . 

Weigh t : T h e socket and py lon toge ther 
w e i g h o n the average of one and one -ha l f 
pounds and the average f in ished p ros 
thes is w e i g h s b e t w e e n two a n d three 
pounds , d e p e n d i n g o n the foot u sed . 

Expense : T h e cos t o f mater ia ls r equ i red 
is less than that o f a conven t iona l e n d o 
skeletal p ros thes i s a n d fabr ica t ion t ime is 
r educed b y 5 0 percen t . 

Adaptabi l i ty : T h e sys tem can b e m o d 
ified to m e e t the pa t ien t ' s needs w h e t h e r 
they b e for temporary o r def in i t ive use , 
and because of the wa te rproof c o m p o 
nen t s , can b e adapted for wate r ac t iv i t ies . 

DESCRIPTION OF 
COMPONENTS 

T h e success or failure o f any sys t em de
pends in part o n its c o m p o n e n t s . T h e com
ponen t s in th i s sys tem h a v e b e e n used b e 
fore in o ther p ros theses b u t neve r in this 
c o m b i n a t i o n . 

T h e socket is m a d e o f a thermoplas t ic 
mater ia l called c o l y e n e . 1 Co lyene is a c o 
po lymer m a d e of 85 percen t polypropyl
e n e and 15 percent po lye thy lene . Co lyene 
has the same w o r k i n g charac ter is t ics as 
po lypropylene , bu t is m o r e durable b e -



cause of added po lye thy lene . T h i s a l lows 
the copo lymer to flex, the reby inc reas ing 
its impac t res i s tance . 

T h e r easons b e h i n d the incorpora t ion o f 
the rmoplas t i c mater ia l s in socke t des ign 
are: (1) ad jus tab i l i ty—the socket can b e 
modi f ied w i t h a hea t gun or e l imina te the 
need to gr ind or add filler to the ins ide o f 
the socket in o rder to make ad jus tments ; (2) 
ease of f ab r i ca t i on—since conven t iona l 
layup procedures are no t r equ i red , th is re
duces the fabr ica t ion t ime and mater ia ls 
cost ; and (3) f l ex ib i l i ty—the socket is flexi
ble proximal ly , w h i c h m a k e s it m o r e com
fortable for the pa t ien t , yet r ema ins r ig id 
e n o u g h to d i s t r ibu te the pressure in the 
des i red w e i g h t b e a r i n g areas . 

T h e endoske le ta l py lon is m a d e o f 
schedu le 4 0 , 1 1/4" ID tub ing commerc ia l ly 
avai lable at mos t p l u m b i n g supply s tores . 
T h e P V C tub ing can b e hea ted to change 
the a l ignment and foot p l acement . T h e 
tub ing is held to the socket and foot us ing 
P V C p l u g s 2 in c o m b i n a t i o n w i t h hose 
c lamps to secure it in p lace . T h e P V C is 
then re inforced w i t h f iberglass to prevent 
b reakage . 

C o n v e n t i o n a l foam and l amina t ion pro
cedures can b e fol lowed or a cosmet i c cover 
can b e appl ied i f des i red . If a conven t iona l 
sys tem is des i red , a 3/4" w o o d e n b lock is 
added distal to the foot plug and foamed in 
the conven t iona l manne r . If a cosme t i c 
cover is des i red , E thafoam or an Ot to Bock 
cover can b e used . 

FABRICATION 
Conven t iona l a l i gnmen t p rocedures are 

fo l lowed us ing a ver t ical a l i gnmen t fix
t u r e . 3 O n c e the angular re la t ionsh ip b e 
tween the socket and foot is e s t ab l i shed , 
the socket is filled wi th plaster . W h e n set, 
the socket is r e m o v e d to ob ta in a pos i t ive 
mo ld . T h e cast is then s m o o t h e d and sealed 
wi th a m b r o i d varn i sh or spray sealer to 
e l imina te mois tu re . 

S i n c e all the rmoplas t i cs ( i . e . , polyproplylene and po lye thy lene) sh r ink after 
foaming due to the s tress put in the plas t ic 
dur ing fabr icat ion. A three ply pros the t ic 
sock m u s t first b e appl ied ove r the cast 
before the plas t ic is pu l led , o the rwi se the 
socket wil l b e too smal l . 

A distal e n d pad is fabr icated b y hea t ing 
a 6" x 6" x 3 / 1 6 " th ick p i e c e o f pel i te and two 
6" x 6" x 1" th ick p ieces o f P las tazo te® and 
formed to the distal e n d of the cast . The 
p ieces are g lued toge the r us ing Barge® 
c e m e n t and appl ied temporar i ly to the 
three-ply sock us ing r u b b e r cemen t . T h e 
pad is tapered prox imal ly so there is a 
smoo th t ransi t ion from the cast to the distal 
e n d p a d (Figure 1 ) . If this is not d o n e , a 
r idge wil l form on the ins ide o f the socket 
a long the proximal b o r d e r of the distal e n d 
pad caus ing irr i tat ion. 

To f ind the angle at w h i c h the dis ta l end 
pad is to b e t r i m m e d , t he cas t i s p laced 
back in the ver t ical a l i gnmen t f ixture. A 
p iece o f P V C t u b i n g is cut accord ing to 

Fig. 1. Distal end pad trimmed flush with cast. 



Fig. 2. Determining angle of distal end pad. Fig. 3. Distal end pad trimmed flush with proximal 
PVC plug. 

Fig. 4. 3/8" T nut is placed through the 1/2" Lexan attachment plate. 



Fig. 5. 1/16" Pelite is added to the attachment plate to 
make it flush proximally so it can be glued to the 
distal end pad. 

Fig. 6. The alignment is checked before the socket is 
fabricated. 

l ength , and wi th two P V C plugs placed o n 
e i the r end of the tube , is secured to the foot 
plate (Figure 2 ) . T h e distal end pad is t hen 
t r i m m e d so it can lay flush agains t the 
proximal P V C plug (Figure 3 ) . 

A semi-c i rcu lar a t t achment plate of 1/2" 
Lexan is fabr ica ted . Cut jus t larger than the 
p rox imal bo rde r o f the P V C plug, it is 
dril led in the midd le us ing a 1 5 / 3 2 " drill. D o 
not make the a t t achment plate perfectly 
round b e c a u s e it m a y rotate wi th in the 
socket and cause loosen ing . A 3 / 8 " T nut is 
p laced through the hole after the p rongs 
have b e e n r emoved , so it can lay flush 
agains t the Lexan plate (Figure 4 ) . After 
sand ing the T nut and Lexan to roughen the 
surfaces, the two p ieces are epox ied to
gether . A good b o n d is cr i t ical , o the rwise 
rota t ion and loosen ing of the pylon occurs . 

To make the a t t achment plate flush 
proximal ly so it can be glued to the distal 
e n d pad , a 1 / 1 6 " p iece of Pel i te is added to 
the s a m e s ide o f the Lexan as the T-bol t 
head . T h e pad is circular in conf igura t ion 
and ex tends past the top of the T nut (Fig
ure 5 ) . T h e a t tachment plate is then glued 
to the distal end pad and stat ic a l ignment 
checked before the socket is fabr icated 
(Figure 6 ) . 

C o n v e n t i o n a l drape mold ing procedures 
are fol lowed b e c a u s e it assures m a x i m u m 
and uniform mater ia l th ickness through
out the socket . U s i n g a vacuum a d a p t e r 4 

(Figure 7) to hold the cast , a w i d e p iece 
of 3 / 1 6 " th ick P las tazo te (TM) is w r a p p e d 
proximal ly a round the cast and taped in 
place to facilitate easy socket removal . A 

nylon hose is pul led over the ent i re cast 
and taped to the mandre l , then a o n e inch 
w i d e p iece of dacron felt is w r a p p e d 
a round the mandre l next to the cast and 
secured in the adapter . T h e dacron felt 
keeps the plastic from pull ing ins ide the 
t ube w h i c h causes the plast ic to break and 
e l imina tes suc t ion (Figure 8 ) . 

A p iece of co lyene of an appropr ia te s ize 
is hea ted in an oven at 4 5 0 degrees for e igh t 
to ten m i n u t e s o r unt i l c lear . It is then re
m o v e d from the oven and pul led over the 
cast and sealed along the pos te r ior sec t ion 
of the socket and to the v a c u u m adapter 
tube after w h i c h 20 to 25 inches o f mercury 
vacuum is appl ied (Figure 9 ) . 

O n c e the plas t ic has cooled sufficiently, 
it can b e r e m o v e d from the cast b y cut t ing 
along the proximal Plastazote(TM) trim strip. 
O n l y cut into the Plastazote(TM); any deeper 
and the sock canno t b e reused . T h e cast is 
b r o k e n ou t in the conven t iona l manne r . 
The socket is t r i m m e d and then f in i shed as 
des i red . D o not t r im the pos te r io r s eam 
unt i l i t has b e e n r e m o v e d from the cast 



Fig. 7. Vacuum adapter with gauge. Cast is placed in adapter and secured in place. The plastic is sealed to the 
electrical tape while the vacuum is drawn from the other end. 

Fig. 8. Cast ready for vacuum procedure 

Fig. 9 . Thermoplastic molded over cast. 



Fig. 10. Socket assembly. 

Fig. 11. Foot assembly. 

because it has a t endency to split . W h e n 
t r imming the pos ter ior seam, leave 3 / 8 " to 
5 / 8 " of the seam exposed . T h i s ensures good 
adhes ion if we ld ing is not poss ib le and 
m a k e s r ivet ing feas ible if necessary . Distally, grind the plast ic flat so that the P V C 
plug can lay flush agains t the socket and 
drill a 3/8" hole for the socket bol t . D o not 
drill past the plast ic into the metal threads 
on the T nut . 

A s s e m b l y is s t ra ightforward. The socket 
and foot c o m p o n e n t s are a s sembled as 
s h o w n in F igures 10 and 11 . Dur ing the 
trial f i t t ing, abras ive screen washers are 
used to e l imina te rotat ion. But because of 
the rotat ional forces , they will tear w i th 
ex tended use . There fore , once the ini t ia l 
f i t t ing is comple te , r emove the screen 
washe r s and epoxy the P V C plugs in p lace . 

A 3 / 8 " x 1 1/2" hex bol t is used on the 
socket and a 3 / 8 " x 3" hex bol t in c o m b i n a 
t ion wi th a 3 / 8 " T nut is used on the foot. 
W h e n secur ing these hex bol t s , care must 
b e taken not to over t ighten them. Op t ima l 
w r e n c h torque is 15 ft/lbs (Figure 12) . 

The P V C tubing fits snugly over the P V C 
plugs and is held in place wi th 1 1/4" stain
less steel hose c lamps (Figure 13) . 

DYNAMIC ALIGNMENT 
A n y a l i gnmen t c h a n g e s can b e ac 

compl i shed b y hea t ing the P V C tubing and 

b e n d i n g it to the des i red locat ion to adjust 
e i ther foot pos i t ion and/or a l ignment . Dif
ficult changes in a l i gnmen t can often b e 
solved by put t ing the p ros thes i s back in 
the vert ical a l ignment fixture to f ind some 
point of reference. W h e n hea t ing the P V C 
tubing , hea t a large sec t ion to con tour 
the adjus tment . D o not make sharp b e n d s 
in the tub ing b e c a u s e th is p romote s 
b reakage . 



Fig. 12. Socket and foot components assembled and PVC tubing ready for application. 

Fig. 13. Prosthesis complete and ready for dynamic 
alignment. 

Fig. 14. Bilateral below knee prostheses, incorporat
ing SAFE feet and rubber latex suspension sleeves for 
water activities. 



FINISHING 
O n c e the p ros thes i s has b e e n dynami 

cally a l igned , the P V C tub ing mus t b e re
inforced wi th f iberglass . After mak ing 
prox imal and distal reference l ines on the 
P V C tub ing a n d p lugs , the tub ing can b e 
r e m o v e d . R o u g h e n the t u b i n g and re in
force it wi th four to six layers of f iberglass 
cloth. T h e P V C plugs are then glued back in 
place us ing P V C glue. Before gluing P V C 
plugs , m a k e sure all a l ignment changes 
have b e e n m a d e because once the P V C 
plugs are g lued and P V C re inforced , a n y 
further ad jus tments canno t b e made . A 
cosme t i c cover o r conven t iona l l amina t ion 
may then b e a d d e d if des i red (F igure 14 ) . 

DISCUSSION 
D e s i g n e d as a temporary /prepara tory 

p ros thes i s , the sys tem works wel l for the 
n e w e r amputee because it a c c o m m o d a t e s 
changes in the socket due to res idual l i m b 
a t rophy and changes in a l ignment from 
improved gai t pat terns . W h i l e th is sys tem 
was des igned to b e l igh tweight , adjustable 
and i n e x p e n s i v e , o the r factors, inc lud ing 
durabi l i ty , should also b e cons ide red in i ts 
prescr ip t ion . B e c a u s e it w a s des igned to b e 
temporary , careful a t tent ion needs to b e 
di rected towards re inforc ing the sys tem to 
p reven t b r e a k a g e and /o r l imi t ing the 
p ros thes i s to the less aggress ive amputee . 
W h e n wea r ing this p ros thes i s , the pa t ien t 
mus t b e ab le to c o m e in for regular check
ups (every 4 - 6 w e e k s ) . If h e is unab le to do 
th is , or s h o w s an unwi l l i ngness to fol low 
the r e c o m m e n d a t i o n s o f the pros thet i s t o r 
phys ic i an , this p ros thes i s should not b e 
p resc r ibed . 

W h e n us ing this sys tem, its adaptabi l i ty 
shou ld also b e cons ide red . T h i s sys tem can 
b e m a d e waterproof , depend ing o n the 
type o f foot u s e d , so that the pat ient can use 

the p ros thes i s in the s h o w e r or for wa te r 
related sports ac t iv i t ies . Var ious types o f 
o the r m e c h a n i s m s can also b e a t tached to 
the P V C tub ing and foot for pro to type de
ve lopmen t or pa t ien t eva lua t ion before a 
def in i t ive p ros thes i s is m a d e . 

CONCLUSION 
T h e level of p ros the t i c care can increase 

on ly as the resul t of incorpora t ion of n e w 
ideas and technology. It is th rough th is m i x 
that the above temporary endoske le ta l 
p ros thes i s w a s deve loped . B a s e d on the 
needs o f a m p u t e e s , this sys tem provides 
the pa t ien t w i th a l igh twe igh t , ad jus table , 
i nexpens ive and adapt ive p ros thes i s that 
can b e used b y pa t ients to increase thei r 
level o f rehabi l i t a t ion . 
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