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INTRODUCTION 
Ten years ago , a bi la teral ampu tee c a m e 

to us to b e fi t ted for n e w pros theses . T h e 
pros theses h e w a s wea r ing cons i s t ed o f 
e x t e r n a l b r a c e j o i n t s , h y p e r e x t e n d e d 
k n e e s , Sach feet in p lantar flexion (to com
pensa te for the hyperex tens ion o f the 
k n e e s ) , and laced lea ther sockets . S u s p e n 
s ion w a s prov ided b y hard lac ing a n d 
shou lde r s traps. H i s res idual l i m b s w e r e in 
b a d cond i t ion , distal ly a n d proximally . 
T h e y were ra ther long, w i t h the patel las 
f ixed under the femurs w h i c h had b e e n cut 
j u s t above the e p i p h y s e s . 

T h e n e w pros theses w h i c h w e fabr ica ted 
for h i m cons i s t ed o f more accep tab le 
a l ignment , total contac t suc t ion socke t s , 
and mul t i -ax is feet. A l though the pa t ien t ' s 
old sockets w e r e uncomfor tab le w h i l e 
s t and ing , they were comfor tab le w h e n h e 
w a s seated. B e i n g e m p l o y e d as a go ld
smi th , a great deal of h i s w o r k day was 
s p e n t s i t t ing . T h e pa t ien t was a lso u s e d to 
tacti le feedback a c c o m m o d a t e d from the 
lea ther socke ts . The socke ts o n h i s n e w 
pros theses w e r e r igid p las t ic , and c o m 
pared to the o ld o n e s , ex t remely u n c o m 
fortable w h e n h e sat. B e c a u s e of t h i s , the 

pa t i en t re jec ted the n e w p ros these s and 
asked us to m a k e lea ther socke ts s imi la r to 
h i s o ld ones to replace the r igid p las t ic . 
Because o f th i s , w e b e g a n to look for a 
socket mater ia l that w a s a c o m p r o m i s e 
b e t w e e n the r igid plast ic and lea ther socket 
mater ia l s . T h i s led to a f lexible socket at
t a c h e d to an externa l r ig id frame, the s u b 
j e c t of this ar t ic le . 

SILICONE SOCKETS 
T h e flexible sockets were fabr icated 

us ing soft l amina t ing res ins l ike s i l i cone , 
po lyes te r , acryl ic , po lyure thane , and lynadure. T h e l amina tes w e r e usual ly m a d e up 
o f nylon s tockine t te w i t h o n e or two layers 
o f f iberglass s tock ine t te b e t w e e n each 
layer. T h i s , in c o m b i n a t i o n w i t h s i l icone 
res in , y ie lds a f lexible socket w h i c h is rela
t ively uns t re tchab le . In the b e g i n n i n g , the 
r ig id frame had bo th med ia l and lateral 
bars to connect the distal socket to the prox
imal b r i m . T h e use o f ca rbon f ibre a l lowed 
us to e l imina te the lateral bar . W h e n w e 
star ted us ing low dens i ty po lye thy lene as a 
socket mater ia l , w e also dele ted the lateral 
quar ter of the b r i m , e n d i n g up wi th a 
fork-l ike structure w h i c h is used today. 



FABRICATION METHODS 
Socket 

T h e socket is v a c u u m formed wi th a low 
dens i ty po lye thy lene shee t b y conven
t ional t e c h n i q u e . W e heat the shee t in an 
infrared oven and drape it over a mois t 
plaster of par is pos i t ive mode l . A n O r ing 
and double adhes ive tape are placed over 
the valve r ing, w h i c h then is placed in po
s i t ion over an air channe l that ha s b e e n 
dril led through the length of the pos i t ive 
mode l . Po lye thy lene has a ra ther large 
sh r ink ing coeff icient . To ove rcome this 
p rob l em, w e usual ly make the pos i t ive 
mode l for a flexible socket s l ightly larger 
than for a r ig id socket . At th is poin t , a 
check socket should be used to insure a 
good fit b e t w e e n the socket and the frame. 
Howeve r , if this is done the socket cannot 
be placed back on the pos i t ive mode l , so it 
wil l need to b e refilled wi th plaster before 
l amina t ing . 

If o n e does lamina te directly ove r the 
newly molded socket , expect a loose fi t t ing 
be tween the socket and the frame, as the 
socket shr inks after b e i n g r e m o v e d from 
the pos i t ive mode l . To date , we are not 
famil iar w i t h any t e c h n i q u e s for e l imina t 
ing th is sh r inkage factor. 

Frame 
T h e frame is l amina ted wi th ny lon stock

inet te , several layers o f f iberglass and 
abou t ten layers of ca rbon f ibre tape (Fig
ure 1 ) . W e use acrylic res ins , bu t polyes ter 
res in works as well . The socket and the 
frame are r iveted together . In S tockho lm 
and Uppsa la , doub le adhes ive tape is used 
to fix the socket to the frame, w i thou t 
r ivets . As the r ig id frame covers less than 
40 percent of the socket , it is ea sy to add or 

Fig. 1. The fiberglass and carbon fibre lay-up for the 
socket frame. 

Fig. 2. Medial view of the carbon fibre and fiberglass 
reinforced acrylic frame. The frame has only a medial 
strut connecting the proximal socket to the distal end. 
Less than 40 percent of the socket surface is covered 
by the frame. 



Fig. 3. Patient wearing the flexible above 
knee socket. Note that the frame extends only 
to the center of the rectus femoris channel 
anteriorly. The flexible low density poly
ethylene socket can conform naturally to the 
muscle expansion and other forces. 

Fig. 4. Lateral view of the flexible socket. In 
this view tape is seen holding the socket to 
the frame for the fitting. When finished, the 
socket is fastened to the frame either by riv
eting or using double face tape. Over 300 of 
these sockets have been used, mostly in 
Stockholm. 

r emove mater ia l from the pos i t ive mode l . If 
the leng th of the pos i t ive mode l is no t al
tered, and if bu i ld -up mater ial ha s no t 
b e e n added or r emoved at the p rox imal 
b r i m area, a n e w socket can be fabr ica ted 
ove r the altered pos i t ive and , of course , 
wi l l fit the or ig ina l frame. 

It is usual ly unneces sa ry to alter the 
a l ignment w h e n a smal le r socket is replac
ing a larger o n e , w h i c h is obv ious ly an 
advantage w h e n deal ing wi th a n e w am
putee regard ing the rap id vo lume de
crease . O u r obse rva t ions indica te that at
rophy in the res idual l i m b is s o m e w h a t less 
wi th the use of a f lexible socket than it is 
wi th the use of a conven t iona l r ig id socket . 
T h e s e are , h o w e v e r , only obse rva t ions and 
have no t b e e n stat is t ical ly conf i rmed . 

Finishing 
C o n v e n t i o n a l m e t h o d s are u sed to 

f in i shed the p ros theses ; howeve r , w e do 
not laminate over the socket . W h e n the pa
t ient is not conce rned w i t h c o s m e s i s , the 
po lye thy lene socket is left uncove red , thus 
p rov id ing for rapid hea t exchange , tactile 
contact , and bet ter d y n a m i c in teract ion 
b e t w e e n the res idual l imb and socket . 
Also , the socket exchange is s imple and 
i nexpens ive wi th this type of app l iance . 

SUMMARY 
Approx imate ly 300 pros theses wi th th i s 

type of socket have b e e n m a d e , m o s t o f 
them in S tockho lm. To date on ly two 
b r e a k d o w n s have occurred , bo th due to 
l amina t ion fai lures. 

O u r goal in u s i n g a socket o f this type is 
to ach ieve a socket w i th excel lent suspen
s ion , one that adapts i tself wel l to the var i
ous contours o f the s tump dur ing ambu la 
t ion, and one w h i c h is s imple and rela
t ively inexpens ive to change . 

The re are four fi t t ing centers involved in 
this project . To date , there have b e e n n o 
reports of u n d u e m a i n t e n a n c e requ i re 
men t s or d issa t is fact ion on the pa t ien t ' s 
part wi th a f lexible socket over a conven 
t ional r igid o n e . 
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