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INTRODUCTION 
In O c t o b e r of 1982, w e were v i s i t ed b y 

p e r s o n n e l f r o m E e n - H o l m g r e n ( N i l s 
Thur ing , B o Klas son , and R o b e r t Axe l son) 
of S t ockho lm , S w e d e n . A m o n g o ther mat
ters that were d i scussed , they told us o f the 
a b o v e k n e e pros the t ic deve lopmen t s of 
O s s u r Kr i s t insson w i t h the Scand inav i an 
F lex ib le S o c k e t and o f the i r expe r i ence 
w i th the t e c h n i q u e s involved (Figure 1) . It 
w a s w i th h e i g h t e n e d in teres t , therefore , 
that we l i s t ened to Mr . Kr i s t in s son ' s pre
sen ta t ion at the A O P A Nat iona l C o n v e n 
t ion in H o u s t o n , Texas . T h i s w o r k has re
cent ly b e e n pub l i shed and n e e d not b e 
e labora ted on h e r e . 1 T h e pe r sonne l o f 
E e n - H o l m g r e n have over the past few 
years emp loyed the t e c h n i q u e ex tens ive ly 
i n the i r cl inical faci l i t ies in S t o c k h o l m and 
Uppsa la . T h e i r expe r i ence subs tan t ia tes 
that o f Mr . Kr i s t insson and has e n a b l e d 
them to deve lop specif ic cr i ter ia for the fab
r ica t ion of sockets a n d suppor t e l emen t s . 
O u r o w n efforts have fol lowed theirs 
closely. 

U p o n ou r return from Texas , it was de
c ided that the Scand inav i an F lex ib le Socke t 
(SFS) def ini te ly me r i t ed further a t ten t ion . 
T h e coopera t ion o f a pa t i en t w a s secured , 
and in N o v e m b e r of 1982 work c o m m e n c e d 
on the first such socket fabr icated b y us . 

Figure 1. Amputee wearing a prosthesis incorporating a Scandinavian Flexible Socket. 



T h e comple ted p ros thes i s was de l ivered in 
D e c e m b e r , 1982. T h e results o f the first f ive 
pa t ien ts fit w i th the S F S are s u m m a r i z e d in 
Table 1. T h e one patient w h o rejected the 
socket d id so desp i te h is ab i l i ty to w a l k 
wi th it comfor tab ly and the e v i d e n c e that it 
met h is phys ica l n e e d s . Menta l ly , he s im
ply could no t accept the change from h i s 
conven t iona l ha rd socket . T h e o ther pa
t ients h a v e b e e n u n a n i m o u s in the i r ac
cep tance a n d prefer it to the i r old socke ts . 
P r ob l e ms have b e e n e x p e r i e n c e d w i t h 
leakage b e t w e e n the v a c u u m formed soc
ket and the valve seat . T h i s has b e e n e l imi 
na ted b y our adhe rence to the m e t h o d s o f 
E e n - H o l m g r e n and the use o f the H o s m e r 
R e d D o t Value as desc r ibed b y them. I roni 
cally, desp i te th is p r o b l e m , several of the 
suc t ion socket weare rs have expe r i enced 
difficulty in doffing the i r p ros theses w i th 
the valve r e m o v e d due to the f lexible wal ls 
of the socke t c l ing ing to thei r f lesh. 

T h e H o s m e r R e d Dot Valve has b e e n 
used successfully for a b o u t a year now, bu t 
p rob l ems wi th c o s m e s i s (due to i t s length) 
p r o m p t e d a n e w des ign . T h e var ious suc

t ion valves ava i lab le were surveyed as to 
length and avai lable features . Ul t imate ly it 
w a s dec ided that the U S M C G r e e n Do t 
Valve offered the bes t c o m b i n a t i o n o f fea
tures and to specif ical ly adapt this valve to 
the n e e d s o f the S F S , a Del r in valve hous 
ing has b e e n des igned b y Durr -Fi l lauer 
and is n o w avai lable . T h e H o s m e r R e d Do t 
Valve hous ing is fabr ica ted wi th a rela
t ively na r row and shal low groove in the 
ba se . W h i l e th is is sat isfactory for l ami 
na ted socke t s , it w a s d e e m e d necessa ry to 
cut a m u c h deeper a n d w i d e r g roove in the 
n e w valve h o u s i n g so as to assure a p roper 
mechan i ca l in ter lock b e t w e e n the socket 
and the valve hous ing . As a c o n s e q u e n c e o f 
this dec i s ion , it was cons ide red proper to 
drill a se r ies o f holes abou t the pe r iphe ry to 
make sure that the Surlyn® is fully d rawn 
in to the groove . P re l imina ry resul ts wi th 
this valve have b e e n qui te favorable . 

T h i s ser ies of f i t t ings , l imi ted as it m a y 
b e , ha s enab led us to subs tan t ia te for our
selves the expe r i ence o f o thers and to 
famil iar ize ourse lves wi th the fabr ica t ion 
methods involved. W e would b e remiss i f 

Table 1. Patients fit as of December, 1983. 
While other patients have been fitted these are the only ones on whom complete data and adequate length of 
follow-up are available for. 



w e w e r e no t to acknowledge the excel lent 
coopera t ion w e have rece ived from the 
pe rsonne l o f E e n - H o l m g r e n . Severa l letters 
have b e e n prompt ly r e sponded to and , in 
the sp r ing of 1983, B o Klas son spen t 
ano the r day wi th us in Cha t t anooga a n d 
c o m p a r e d no tes . In A u g u s t o f 1983 , Car l ton 
Fi l lauer , C P O , in the c o m p a n y o f H e r m a n 
Hi t t enbe rge r , C P O , a n d m e m b e r s of the i r 
famil ies , v i s i t ed S t o c k h o l m and Uppsa la to 
o b s e r v e f i r s thand the t e c h n i q u e s e m 
p l o y e d . A k e F r i e s t e d t , a p r o s t h e t i s t 
emp loyed b y E e n - H o l m g r e n in Uppsa l a , 
spent several days w i t h us in N o v e m b e r of 
1983 a n d c o m m e n t e d fully o n t e c h n i q u e s 
w e w e r e emp loy ing . In addi t ion , he told us 
of h i s expe r i ence wi th b e l o w k n e e suc t ion 
sockets , expand ing on h i s p resen ta t ion at 
the A O P A Nat iona l A s s e m b l y in P h o e n i x . 2 

It shou ld also b e m e n t i o n e d , at least in 
pas s ing , that the Pros the t ics a n d Or tho t i c s 
educa t ion p rogram of N e w York Un ive r 
sity, unde r the l eader sh ip o f S i d n e y F i sh -
m a n , P h . D . , has devo ted cons ide rab le t ime 
a n d effort to acqu i r ing expe r i ence w i t h the 
m e t h o d s invo lved . T h e y have cal led thei r 
deve lopmen t the Ice land ic , S w e d i s h , N e w 
York ( I .S .N .Y. ) socke t . At the start o f 1984 
they started a ser ies of shor t t e rm courses 
on the subjec t . W e h a v e e x c h a n g e d infor
m a t i o n wi th t h e m , and for the coopera t ion 
w e have rece ived w e are duly grateful. 

FEATURES 
T h e S F S is p r imar i ly ind ica ted for pa

t ien ts w i th mature res idual l i m b s a n d for 
w h o m subs tan t ia l c h a n g e s in l i m b vo lume 
are no t an t ic ipa ted . H o w e v e r , s ince t he 
socket is separa te from the suppor t ing 
s t ructure , m i n o r c h a n g e s in vo lume or 
con tour can be a c c o m m o d a t e d b y fab
r icat ing a n e w socke t . A n y d i sc repancy 
b e t w e e n the socket and we igh t bea r i ng re
ceptacle distal ly can b e taken up wi th filler 
mater ia l . W h i l e the p rocedure can b e u sed 
wi th any length res idual l i m b , the benef i t s 
to b e rea l ized d i m i n i s h as res idual l i m b 
length decreases . T h i s is because the sur
face area of the f lexible socket not c o n 
ta ined in the r ig id frame is p ropor t iona te ly 

less for shor te r socke t s than for longer 
socke ts . T h i s t e n d e n c y is accentua ted b y 
the n e e d to ex tend the p rox imal b r i m in a 
full c i rcumferent ia l enc losure so as to a l low 
for a t t achment o f a S i l e s i an b a n d or h ip 
j o i n t . T h e n e e d for such auxi l iary m e a n s of 
s u s p e n s i o n is o f course greater for shor t 
res idual l imbs than for long res idual l i m b s . 

T h i s shou ld no t b e in terpre ted to m e a n 
that the S F S is con t ra ind ica ted for pa t ien ts 
w h o n e e d such auxi l iary m e a n s o f suspen
s ion . T h e l imi t ing factor is res idual l i m b 
length , no t age , inab i l i ty to m a n a g e suc
t ion su spens ion , o r i nadequa te h i p m u s 
culature. 

O n e at tract ive feature o f the S F S is that in 
m a n y respects it is very conven t iona l . 
Cas t ing a n d modi fy ing t e c h n i q u e s for the 
p roduc t ion o f the pos i t i ve m o d e l r equ i re 
n o dev ia t ion from current p rac t ice . T h e 
w e i g h t bea r ing m e c h a n i s m of the socke t is 
unaffected and the m a n n e r b y w h i c h the 
femur is s tab i l ized in the socket is l i kewi se 
u n c h a n g e d . W h i l e suc t ion s u s p e n s i o n has 
b e e n used pr imar i ly , h i p jo in t s a n d S i l e 
s ian b a n d a g e s can b e u sed as wel l . In these 
latter two ins tances , the p rox imal por t ion 
is con t inuous and runs all the w a y a round 
the b r i m . 

Pa t ien t c o m m e n t s have b e e n largely re
lated to the f lexibi l i ty o f the socket . It s e e m s 
that the socket walls adapt to changes in 
l i m b con tour that occur because o f m u s c u 
lar cont rac t ions dur ing a m b u l a t i o n as wel l 
as dur ing s i t t ing. As a result , the socket 
feels less cons t r ic t ing than a r ig id wall 
socket a n d m o r e natural . Suc t ion suspen
s ion is i m p r o v e d due to the c l ing ing na ture 
o f the socke t walls and the greater accom
moda t ion to act ive muscu la r cont rac t ion . It 
wou ld s e e m , hypothe t ica l ly at leas t , that 
these s a m e factors l ead to improved pro
pr iocep t ion a n d f eedback from the pros
thes i s . O n e ampu tee l i kened the s ensa t ion 
to the s a m e as scra tching you r th igh 
th rough your pan ts leg. Pa t ien ts are ab le to 
pe rce ive cha i r and table edges th rough the 
f lexible socket , thus ga in ing inc reased in
format ion abou t the i r e n v i r o n m e n t , and 
securi ty . T h e th in walls o f the Surlyn® 
socke t , and the m a x i m u m a m o u n t of sur
face e x p o s e d , lead to less hea t b u i l d u p in 
the socket and greater comfor t . 



BACKGROUND 
T h e concep t involved in the S F S is that a 

th in-wal led socket is first vacuum-fo rmed 
of Po lye thy lene or Sur lyn®+. A r o u n d this 
socket an ou te r suppor t ing s tructure is 
l amina ted of ca rbon f iber , f iberglass , and 
ac ry l i c r e s i n . T h i s s t r uc tu r e is t h e n 
t r i m m e d to the smal les t poss ib le s ize . T h i s 
is m a d e poss ib l e b y the super io r s t rength 
and r ig idi ty afforded b y the mater ia ls 
used . 

In the 1950s, J o h a n n Bach of E s s e n , 
G e r m a n y deve loped w h a t m a y be cons id 
ered an indi rec t ances to r of the S F S . H e was 
specif ical ly in te res ted in deve lop ing a 
so lu t ion to the ser ious p r o b l e m s w i t h distal 
e d e m a that w e r e then b e i n g expe r i enced 
wi th r ig id suc t ion socke ts . H i s ob jec t ive 
was to train the ampu tee to wa lk u s ing 
act ive muscu la r cont rac t ion in the re
m a i n i n g l i m b to reduce conges t ion in the 
res idual l i m b . To facil i tate this ob jec t ive h e 
be l i eved it was necessa ry to have a socket 
w i th f lexible walls . M r . Bach eventual ly 
w o r k e d out a solut ion to th is p r o b l e m and 
pa ten ted h i s des ign . T h e patent w a s ac
qu i red b y Fi l lauer Or thoped i c in the 
pe r iod 1 9 5 8 - 6 0 and Kings l ey Manufac tur 
ing C o m p a n y agreed to fabricate the sock
ets . In the U n i t e d States the des ign was 
n a m e d the F lex i -Cage socket (Figure 2 ) . 

T h i s des ign en ta i led a w o o d b r i m and 
distal e n d wi th a midd le por t ion b e t w e e n 
t h e m of n u m e r o u s parallel s t rands o f cord 
approx imate ly 1/8" in d iamete r . T h e two 
end sec t ions were connec t ed b y four 
a l u m i n u m struts that p rov ided structural 
integri ty. Socke t s c a m e r ight and left in 
abou t s ix s izes and wi th abou t three differ
ent degrees o f taper o f the f lexible sec t ions . 
T h e w o o d sec t ions w e r e cons ide rab ly undersize and h a d to b e fi t ted to the pa t ien t in 
the s a m e m a n n e r as a conven t iona l w o o d 
socket b lock . 

T h e F lex i -Cage rece ived a measu re of ac
cep tance and m a n y pat ients w e r e qui te 

sat isf ied w i th thei r socke ts . It pas sed from 
the scene in abou t five years , howeve r . 
As ide from the fact that suc t ion suspens ion 
w a s clearly i m p o s s i b l e , it r equ i red a cer
tain measu re of skill and exper i ence wi th 
the sys tem to select the p roper socke t and 
to modi fy it satisfactorily. F in i sh ing w a s 
t roub lesome and repa i rs , part icularly i f the 
ends of the s t rands were d i s tu rbed , w e r e 
difficult, if not i m p o s s i b l e . 

It w o u l d s e e m that one o f the earl iest 
m e n t i o n s in the l i terature o f this train of 
deve lopmen t p roper occurred in 1 9 6 8 . 3 In 
an article b y M c C o l l o u g h et. al . , there ap
pears a pa s s ing reference to a m e t h o d o f 
fabr ica t ing an above knee pros thes i s w i th 
flexible socket and ou te r r ig id socket re
ceptac le . T h e t e c h n i q u e w a s desc r ibed in 
further detail the fo l lowing yea r b y W i l l i a m 
F. S inc la i r , C . P . O . 4 T h e i nne r f lexible 
socket w a s secured to the ou te r receptacle 
b y a Velcro® strap laterally and the an ter ior 
wall of the receptacle w a s t r i m m e d away 
lateral and distal of the Scarpus ' t r iangle to 
pe rmi t musc le b u l g i n g . T h e ob jec t ive of 
these des ign features w a s to p rov ide a 
p ros thes i s be t t e r su i ted to the needs of 

+ Een-Holmgren originally used polyethylene, however, due to shrink
age of the polyethylene sockets, they resorted to the use of Surlyn,® 
Surlyn,® despite its greater expense, also has the advantages of greater 
clarity and easier modification. In his article, Ossur Kristinsson com
ments explicitly on the problem of polyethylene shrinkage and the 
resulting looseness that develops between socket and frame. 1 

Figure 2. Flexi-Cage Socket. 



geriatr ic amputees . Specif ical ly , it w a s in 
tended that d o n n i n g wou ld b e m a d e eas ie r 
b y vi r tue of the fact that the a m p u t e e cou ld , 
in a s i t t ing pos i t ion , don the socket sepa
rately and then connec t the socke t to the 
receptacle and p ros thes i s . In 1973, Mr . S i n 
clair r epor ted in a C P R D w o r k s h o p that 
ampu tees still exper i enced difficulties in 
d o n n i n g thei r p r o s t h e s i s . 5 H e also re
por ted that the i n n e r socket w a s n o w b e i n g 
fabr icated of s i l i cone R T V e las tomer . T h e 
t e c h n i q u e failed to catch on , and it wou ld 
s e e m that the pr imary reason for this w a s 
the fact that the benef i t s of the relat ively 
small exposed areas did not warran t the 
inc rease in fabr ica t ion difficulty and t ime . 

In th i s s a m e pe r iod , the V A P C repor ted 
on s imi la r w o r k . 5 , 6 T h e y e m p l o y e d a P V C 
p o l y m e r (Cordo) and Plas tazo te (TM) to fabri
cate i nne r sockets of var iable f lexibi l i ty and 
w i t h a nove l in ter locking t e c h n i q u e . T h e 
i nne r socket w a s fabr icated wi th a round 
bu t ton pro t ruding above i ts surface. T h e 
socket receptacle w a s l amina ted over the 
i nne r socket and the l amina te cover ing the 
top of the bu t ton w a s then t r i m m e d away. 
To w i t h d r a w the socket from the receptac le 
the bu t ton would be p u s h e d inward , de
p ress ing the soft t i ssue of the pa t ient ' s re
sidual l i m b , and the socket pul led out of 
the receptac le . In use , the edges o f the ho le 
in the receptacle w o u l d lock a round the 
bu t ton and hold the socket and receptacle 
f i rmly together . 

T h e V A P C e m p l o y e d Cordo-Plas tazo te 
l iners w i t h above k n e e , b e l o w k n e e suc
t ion , and S y m e s p ros theses . Fabr ica t ing 
such sockets or socket l iners of Cordo was a 
very long , d rawn-out , prot racted process 
and invo lved a good deal o f labor . T h e 
mater ia l w a s also ve ry f l ammable and 
eventual ly b e c a m e invo lved in q u e s t i o n s 
o f toxic i ty and carc inogenic i ty . Need less to 
say, use o f Cordo and Plast izote l iners d id 
no t f ind m u c h favor. 

T h e concep t of a r emovab le i nne r socket 
to facili tate d o n n i n g has r ece ived further 
deve lopmen t in J a p a n b y K o i k e , e t a l . 7 T h i s 
work w a s under taken at the Tokyo M e t 
r o p o l i t a n R e h a b i l i t a t i o n C e n t e r a n d 
therefore, de s igns in th is w o r k have b e e n 
d u b b e d T C 1 , T C 2 , e tc . 

T h e T C 2 pros thes i s e m b o d i e s an inne r 
socket o f Surlyn® suppor ted in a receptacle 
of po lypropylene . A novel valve des ign 
us ing a shee t o f latex and wi th the valve 
hole on the very distal e n d of the socket is 
emp loyed , and a Velcro® strap secures the 
socket to the receptacle . 

In May , 1983, o n e of the authors (CHP) 
under took a commerc ia l tour o f Japan . O n 
th is tour , pe r sonne l of Keia i C o m p a n y 
demons t ra ted the use of the T C concep t s 
w i th the a id o f p ros theses and a v ideo tape . 
A m o n g o the r pa t i en t s , the v ideo t ape 
s h o w e d one gen t l eman , a bi la teral above 
knee ampu tee , w h o used o n e set of sockets 
in te rchangeab ly wi th full l eng th ar t icu
lated p ros theses ou t of the h o m e and s tub
b i e s abou t the h o u s e . It w a s also d e m o n 
strated h o w an ampu tee could ach ieve 
greater s i t t ing comfort in a car over long 
d is tances b y re leas ing the Velcro® strap 
and eas ing the p ros thes i s ha l f off the 
socket . Work wi th the concep t has b e e n 
appl ied to o ther levels o f amputa t ion , mos t 
especia l ly wi th b e l o w knee suc t ion sock
e ts . In teres t ingly e n o u g h , at the t i m e o f the 
vis i t , the concep t of cut t ing w i n d o w s in the 
socket receptacle was no t b e i n g employed . 

Wr i t i ng in 1982, R. Volker t of the Un ive r 
si ty o f M a i n z , M a i n z , Wes t G e r m a n y de
sc r ibed h is exper iences wi th this lat ter 
c o n c e p t . 8 His par t icular concern w a s to de
velop a t e c h n i q u e w h i c h w o u l d more read
ily a c c o m m o d a t e changes in vo lume in the 
pa t ien t ' s res idual l i m b . To this e n d then , a 
r ig id socket is l amina ted and w i n d o w s , o r 
fenes t ra t ions , are cut in it medial ly , pos t 
eriorly, and anteriorly. Th i s leaves three 
suppor t ing struts laterally, antero-medially, and pos tero-media l ly . A comple te 
i s c h i a l - g l u t e a l b r i m p r o v i d e s w e i g h t -
bea r ing proximal ly and an elast ic compres 
s ion s tock ing , worn e i the r i n s ide o r out
s ide of the p ros thes i s (or bo th ) is used to 
provide control of the soft t i s sue . 

T h e lateral strut ac ts , no t on ly as a s truc
tural e l emen t , b u t also to provide a reac t ion 
po in t for the distal femur . T h i s lat ter po in t 
is desc r ibed b y Volker t as a femoral c lasp 
and h e asc r ibes the concep t to K u h n . Ru
dolph Poe t s , in 1974 s e e m s to d iscuss the 
same pr inc ip les , bu t he a t t r ibutes the de-



s ign to B u r g e r . 9 W h a t s e e m s to b e involved 
is that not on ly is the lateral wall adduc ted 
and flattened as in U . S . prac t ice , b u t the 
distal lateral wall is modi f ied in a "V" 
shape groove or clasp in the t ransverse 
p lane , to gr ip the an ter ior and pos te r io r 
por t ions of the distal femur as wel l as the 
lateral surface. T h e ob jec t ive is to p rov ide 
be t t e r control o f the p ros thes i s . 

T h i s concep t is dwel t u p o n in s o m e 
leng th to po in t out the fact that n e w mate 
rials can not b e adopted b y c h a n c e bu t in 
accordance w i t h accepted pr inc ip les o f 
pros the t ic des ign . T h e S F S socket , as de 
sc r ibed b y O s s u r Kr i s t insson and person
nel o f E e n - H o l m g r e n , also provides a rest
ing or s tab i l iz ing po in t for the lateral distal 
femur. 

To re turn to the work of R . Volker t , h e 
ex tended the concep t o f the frame type 
socket h e was e m p l o y i n g wi th above knee 
ampu tees to the n e e d s o f h ip disar t icula
t ion ampu tees as wel l . H e s tated that the 
exper i ence o f 23 pa t ients (14 A K , 9 H D ) w a s 
ove rwhe lming ly pos i t ive . 

In this country, Pe te r Ockenfe l s , C .P .O. , 
of C o l u m b u s , O h i o has ga ined exper i ence 
w i t h the t e chn iques o f Volker t and de
sc r ibed t h e m wi th the a id of a v i d e o t a p e . 1 0 

Mr. Ocken fe l s ' wo rk subs tant ia tes that o f 
Mr. Volker t . It wou ld s e e m that the tech
n i q u e o f Volkert w i th compress ive dres
s ing is be s t ind ica ted for pa t ients w i th i m 
mature res idual l i m b s , w h i l e the S F S is 
bes t ind ica ted for pa t ients wi th ma tu re , 
d imens iona l ly s table res idual l i m b s . 

THEORETICAL 
IMPLICATIONS 

A socket per forms a var ie ty of funct ions 
in a p ros thes i s . F i rs t a n d foremost , natually, it funct ions as a receptac le , cont ro l l ing 
the vo lume o f the res idual l i m b and t rans
mi t t ing forces to and from the l i m b . In an 
abs t rac t s e n s e , that por t ion o f the socket 
that per forms th is vi tal f i t t ing e l emen t is 
the inner face o f the socket . It i s th is func
t ion that peop le are a t t empt ing to desc r ibe 
w h e n they u se the word " i n t e r f a c e " as a 
s y n o n y m for the w o r d " s o c k e t . " Every

th ing per iphera l o f the innerface o f a 
socke t , that i s , the wal l , serves as a struc
tural c o m p o n e n t . T h e wall p rov ides ade
qua te s t rength and r ig idi ty to m a i n t a i n the 
shape o f the inner face . In do ing so , it 
should b e n o th i cke r than absolu te ly n e c e s 
sary. 

In an abst ract o r ideal s e n s e , the inner -
face, o r in ter face , c an b e i m a g i n e d as an 
inf in i te ly th in m e m b r a n e encapsu la t ing 
the res idual l i m b . In o rder to r e spond to 
c h a n g e s i n l i m b con tours o r v o l u m e , the 
m e m b r a n e is e x p a n d e d or cont rac ted . If a 
thermoplas t ic m e d i u m , such as Surlyn,® is 
used to cons t ruc t a socket , this can b e done 
in a literal s ense . 

If, h o w e v e r , the socket is fabr ica ted o f 
s o m e m e d i u m such as w o o d , the interface 
can on ly b e al tered b y add ing pads or l in
ers , or b y g r ind ing in to the wall . In this 
latter i n s t ance , the interface is expanded 
ou tward . It is for t h i s reason , therefore , 
that socke t wal ls are qu i te f requent ly m a d e 
t h i c k e r t han a b s o l u t e l y n e c e s s a r y for 
structural integri ty. 

If w e apply these theore t ica l concep t s to 
the case o f the S F S , w e can see that the 
flexible socket is func t ion ing as the in ter 
face and the ca rbon f iber s tructure is func
t ion ing as the structural e l ement . N e i t h e r 
is capab le o f func t ion ing a lone , ye t work
ing toge ther it i s pos s ib l e for the two to 
provide a measu re o f funct ion and comfor t 
greater than that w h i c h can be ach ieved b y 
m o r e conven t iona l m e a n s . It is th is po in t 
that marks the larger s ign i f icance o f a de
s ign such as the S F S . 

Different mater ia ls w i t h qu i t e different 
proper t ies w o r k i n g toge ther in a synerg i s 
tic fashion can b e u s e d to p rov ide a socket 
more closely m a t c h e d to the n e e d s of an 
a m p u t e e . To m e n t i o n bu t o n e poss ib i l i ty , 
the theore t ica l concep t s o f E u g e n e Mur 
phy, P h . D . and L e o n B e n n e t t 1 1 , 1 2 can b e 
used to des ign a socket b r i m that more 
effectively modera tes the shear forces that 
occur in the soft t i s sues abou t the b r i m . 

It is a lmost ax iomat ic that p rogress in 
pros the t ics and or thot ics does no t occur 
due to the d i scovery of n e w concep t s , b u t 
ra ther b y the appl ica t ion o f n e w technol 
ogy to m a k e poss ib l e o ld concep t s , con -



cepts o f ten t imes old e n o u g h to b e forgot ten 
b y all bu t the oldest prac t i t ioner . 

A m p l e p receden t can b e found in p ros 
thet ics for s t ructures such as the S F S ; 
namely , p ros theses fabr icated w i t h s teel 
f rames a n d lea ther socke t s . T h i s form o f 
cons t ruc t ion w a s apparent ly qu i t e preva
lent in G e r m a n y pr io r to Wor ld W a r I, and 
above knee p ros theses f ash ioned in th is 
m a n n e r r e s e m b l e n o t h i n g so m u c h as 
H e s s i n g style K A F O ' s . T h e use of s teel 
frames and lea ther socke ts w a s c o m m o n in 
the U . S . u p unt i l Wor ld War II for u p p e r 
ex t remi ty p ros theses , S y m e s p ros theses , 
a n d k n e e d isar t icula t ion p ros theses . In
deed , ves t iges o f th is form o f cons t ruc t ion 
can b e found even today. M o r e than o n e 
pros the t i s t can at test that ampu tee s qu i t e 
f requent ly prefer such " o l d f a s h i o n e d " 
p ros theses to n e w style l amina t ed p ros the 
ses , due to the greater comfort afforded. 
T h e cha l lenge to the field o f p ros the t i c s , 
therefore , is to apply the l essons l ea rned 
wi th the S F S to o the r levels o f amputa t ion , 
and des ign m o d e r n ana logues to s o m e o f 
these older des igns . In addi t ion , o f cou r se , 
n e w concep t s n e e d to b e explored . 

Co l in M c L a u r i n , e t al. in de sc r i b ing the i r 
open - shou lde r above e l b o w socke t , ta lked 
o f the funct ional e l emen t s as b e i n g a r ing 
a b o u t the distal por t ion o f the socke t and 
the p rox imal b r i m . 1 3 T h i s is ana logous to 
the concep t s d i scussed b y Poe ts a n d Vol
kert in con junc t ion wi th the above k n e e 
socket , and as rea l ized in des igns such as 
the S F S . It wou ld s e e m eminen t ly logical , 
therefore , to ex tend the cons t ruc t ion pr in
ciples to the des ign o f an a b o v e e l b o w 
socket , as wel l as o the r levels of amputa 
t ion. 

In 1971 , Nige l D . R i n g o f Cha i ley , E n 
g land , desc r ibed a t e c h n i q u e for fabr icat
ing from ca rbon f iber and polyes te r res in , 
a frame type socket for use wi th externally 
p o w e r e d shou lder d isar t icula t ion p ros the
s e s . 1 4 W h i l e the repor t w a s o f p re l iminary 
na ture and desc r ibed the early results o f 
f i t t ing one ch i ld , it d id desc r ibe the resul ts 
o f c o m p a r i n g the c a r b o n f ibe r /p las t i c 
s t ructure to the me ta l s t ructure it w a s in
t ended to supplant . In these tes ts , the car
b o n f iber /plas t ic s tructure w a s cons ide red 

super io r in s t i ffness, u l t imate s t rength , 
w e i g h t a n d ease o f fabr ica t ion . In regard to 
th is lat ter po in t , it is wor th po in t i ng out 
that t he t e c h n i q u e e m p l o y e d b y M r . R i n g is 
essent ia l ly the " v a c u u m - b a g " t e c h n i q u e 
that is ve ry m u c h in v o g u e today a m o n g 
w o o d e n boa t bui lders . 

FABRICATION 

Preparation of the Positive Model 
• P o u r check socket or nega t ive m o d e l 

w i t h b r i m ex tended at least 4" above 
the no rma l med ia l t r im l i ne . U s e a re
m o v a b l e square mandre l a n d s m o o t h 
the pos i t ive mode l . W h e n the m o d e l is 
s tood o n the p rox imal surface , the 
mode l shou ld no t l ean to o n e s ide o r 
the o ther . T h i s is necessa ry to p reven t 
the format ion o f uncont ro l lab le w e b s 
dur ing the v a c u u m fo rming process . 

• Dril l 1/16" d i amete r holes in b r i m area 
for proper evacuat ion o f air . 

• Locate pos i t ion o f the S . F . S . valve* as 
usual and mark . It should b e loca ted 
an ter ior -media l and as far dis ta l as 
pos s ib l e so it w o n ' t in terfere w i t h re
mova l of the socket from the w e i g h t 
bea r ing s tructure. T h i s is especia l ly 
cri t ical to facil i tate remova l a n d inse r 
t ion of the socket from the w e i g h t 
bea r ing structure in the case o f r e s id 
ual l i m b s wi th small distal e n d s . 

• Dril l a hole 2 3/64" in d i amete r and 2 3/4" 
deep in the cen te r of the m a r k e d pos i 
t ion (Figure 3 ) . Dri l l ano the r 1 / 1 6 " d ia . 
hole from jus t i n s ide the pe r iphe ry o f 
the valve h o u s i n g into the centra l 
c h a m b e r . 

• Dr ive the tube in to the pos i t ive mode l 
(us ing the s teel p i n in the t u b e and a 
h a m m e r ) unt i l it i s 1 /8" b e l o w the sur
face (Figure 4 ) . T h i s and the p reced ing 
s tep are to facili tate accurate repro
duc t ion o f the va lve pos i t ion . 

• Flat ten the area a round the t ube to 
ma tch the b a s e o f the S . F . S . valve 

*Durr-Fillauer S.F.S. valve. 



hous ing , ex t end ing the flat area 1/8" 
b e y o n d the edge o f the h o u s i n g . 

• For v a c u u m forming of Surlyn,® the 
p o s i t i v e m o d e l s h o u l d b e v e r y 
smoo th , w a r m , and wet . I f the pos i 
t ive mode l has set overn igh t , i t wil l b e 
cold to the touch. To insure adequa te 
work ing t ime , w e have b e e n s u b 
merg ing such mode l s in a bucke t o f 
ho t water . 

Vacuum Forming 
• O v e n is set at 325°-350° Farenhe i t . 
• Select a shee t o f 3/16" or 1/4" Surlyn.® 

W h e n proximal c i rcumference is 2 1 " or 
under , use a 12" x 12" shee t . O the r 
w i s e use a 16" x 16" sheet . 

• Select appropr ia te s ized platen and 
f rame. 

• Secu re Surlyn® in the frame w i t h 
spr ing loaded c lamps and place in the 
oven . T h e frame should b e he ld o n a 
rack or suppor t at least 10" above the 
floor o f the o v e n . 

• Secure the S . F . S . valve h o u s i n g on a 
valve m o u n t (Cat. # 8 0 7 4 0 6 ) . If a valve 
h o u s i n g w i thou t the adhes ive coa t ing 
already appl ied is used , c lean the out
s ide o f the valve h o u s i n g wi th solvent 
and wrap it w i th double faced clear 
adhes ive tape ( D - F Cat . # 8 0 7 4 4 6 ) . U s e 
of the tape he lps b o n d the Surlyn® to 
the valve h o u s i n g and prevent leaks . 
Place the valve h o u s i n g and m o u n t in 
the oven . A d h e s i o n and proper for-

Figure 3. Drilling the hole in the positive model by which the valve 
housing will be secured for vacuum forming of the socket. 

Figure 4. Driving the steel tube, or ferrule, into 
place. 



mat ion o f the Surlyn® abou t the valve 
h o u s i n g are he lped i f the valve hous 
ing is hea ted in the oven wh i l e you 
wai t for the Surlyn® to drape an ap
propr ia te d i s tance . 

• T h e pos i t ive mode l is pos i t i oned on 
the pla ten w i t h a layer o f dacron felt 
b e n e a t h it and ex tend ing s l ight ly b e 
yond the edge o f the pos i t ive mode l . 
T h e r e shou ld no t b e a n y gaps b e t w e e n 
the mode l and pla ten so as to avoid 
b lowou t s . 

• T h e Surlyn® should b e a l lowed to 
drape abou t 1/3-1/2 the he igh t of the 
mode l (about 10 m i n . ) . Ca re should b e 
t aken no t to let it drape too m u c h or 
cons ide rab le difficulty wil l b e exper i 
enced . 

• W h e n the Surlyn® is abou t ready, re
m o v e the va lve h o u s i n g a n d s tem 
from the o v e n a n d place o n the pos i 
t ive mode l (Figure 5 ) . 

• W i t h the v a c u u m on , the control valve 
o f the m o b i l e v a c u u m uni t (Cat. 
# 8 0 7 3 0 5 ) is set at the low pressure 
se t t ing (2-3 In. H g . ) . 

• R e m o v e the Surlyn® from the oven , 
cen te r over the mode l , and d raw 
d o w n . 

• T h e plast ic is s t re tched d o w n over 
m o d e l s lowly so as to avo id w e b b i n g . 
Fundamenta l ly , the plast ic is a l lowed 
to de scend a lmost u n d e r i ts o w n 

w e i g h t w i th very little ass i s tance . T h e 
Surlyn® is sea led a round the edge of 
the platen. As the plast ic is d rawn in 
and as w e b s start to form, the foot 
valve is c losed and f ingers are u s e d to 
pat the w e b s out (Figure 6 ) . Pressure 
on the foot valve is then re leased . Pro
ceed in this m a n n e r unti l the Surlyn® 
is d rawn in comple te ly abou t the 
mode l w i thou t w e b s . 

• Immedia t e ly open the h igh pressure 
l ine o f the m o b i l e v a c u u m uni t . 

• A s t r ing is used to draw the plastic 
t ight ly in to the g roove at the b a s e of 
the valve hous ing . T h i s s tep is useful 
in cases w h e r e delay in mo ld ing the 
Surlyn® m a y have led to excess ive 

Figure 5 . Positioning the S.F.S. valve housing. 

Figure 6. Patting the webs out of the Surlyn as they 
form both proximally about the brim and distally 
about the valve housing. 



coo l ing of the plast ic in the area o f the 
valve hous ing . 

• After the in i t ia l coo l ing , cut the 
surplus Surlyn® from the face of the 
valve m o u n t in the area o f the central 
hole and from around the b a s e o f the 
mode l . 

• Sc rew the shaft of the t r i m m e r tool 
(Cat. # 8 0 7 3 9 6 ) in to the valve m o u n t 
and w i t h the b lade pro t ruding abou t 

carefully rotate the b lade holder as 
you feed in the b lade (Figure 7) . C o n 
t inue unti l the po in t m a k e s un i form 
contac t wi th the surface o f the valve 
h o u s i n g . 

• R e m o v e the t r immer and shaft. 
• R e m o v e a n d discard the r ing of 

surplus Surlyn® and trim the sharp 
edge o f the Surlyn® left s t and ing 
around the valve o p e n i n g (Figure 8 ) . 

• R e m o v e the valve m o u n t from the 
h o u s i n g and mode l . 

• Pos i t ion the m o d e l on a work b e n c h 
and stuff mater ia l into the central 
c h a m b e r to create back pressure for 
the next s tep . 

• W i t h the a id of a rubber s topper , b l o w 
c o m p r e s s e d air in to the valve hous ing 
and pull the socket off the mode l . It 
m a y be necessa ry to cut several ver t i -

cal slits in the excess Surlyn® a b o v e 
the t r im l ines , part icular ly i f the sur
faces of the mode l proximal to the t r im 
l ine s lope inward . 

• T h e socket is n o w ready to b e c leaned 
and f in ished . 

Preparation for Lamination 
Previously , the ou te r s t ructure w a s lami

nated directly over the socket . Th i s in
vo lved ra ther e labora te s teps to avoid cut
t ing or mar r ing the socket w h e n r emov ing 
the ou te r s t ructure . T h e procedure de
sc r ibed b e l o w is m u c h eas ie r and g ives 
equal ly g o o d resul ts . It i s con t ingen t , h o w 
ever , on the fact that the valve pos i t ion b e 
exact ly dupl ica ted . To assure that the valve 
pos i t ion is dupl ica ted exactly, the tool ing 
depic ted in F igure 9 is used . U s e of such 
tool ing has the further advantage that ad
di t ional socke ts can b e v a c u u m formed (if 
necessa ry for wha teve r reason) w i th the 
assurance that they wil l be c o m p a t i b l e w i th 
the frame, i f the socket mode l has b e e n 
preserved . 

Figure 7. Trimming the excess Surlyn away from the 
end of the valve housing with the trimmer. 

Figure 8. Excess Surlyn has been trimmed away and 
the edge smoothed. 



• Pos i t ion the pos i t ive mode l on the 
mandre l . 

• To allow for the th ickness of the 
socket , s tockine t te is u sed as a spacer . 
T w o shor t p ieces (3 for 1/4" Surlyn®) are 
used distally w i t h the edges stag
gered . T h e distal ends should be s e w n 
off smooth ly . 

• A r u b b e r l amina t i ng d u m m y the s a m e 
s ize as the exter ior d i m e n s i o n of the 
valve h o u s i n g is pos i t i oned on the 
mode l in the tube wi th the a id o f a 
m a t c h i n g steel p in . 

• Pull o n o n e layer o f s tockine t te (2 for 
1/4" mater ia l ) over the en t i re mode l , 
w i th the distal e n d sewn off smooth ly . 

• App ly a PVA s leeve and cap the e n d 
for a s m o o t h in ter ior f in ish . 

• U s e double / faced adhes ive tape to 
secure the three po lye thy lene lami
na t ing dummies** (to prov ide re
cesses for the ve lco ins in the l ami
na t ed structure) in p lace (Figure 10 ) . 
O n e is located on the med ia l wal l 
b e l o w the b r i m and the o ther two are 
located laterally in s ide the t r iml ines o f 
the p rox imal t r im. Rela t ively flat spots 
shou ld b e se lec ted and, if necessary , 

heat can b e u sed to soften the dum
m i e s so that they wil l conform be t te r . 
Po lye thy lene l amina t ing d u m m i e s are 
not r euseab le , as the l amina t ion exotherm causes t h e m to shr ink as they 
a t tempt to regain thei r o r ig ina l shape . 

Lay Up Sequence 
1. Nylon s tock ine t te , doub led—4" for 

average s ize . 
2 . At tach two p ieces of plastic we ld ing 

rod to the media l wall (Figure 11) 
spaced 3 /4" to 1" apart , b e t w e e n the 
two layers o f nylon s tockine t te , to 
serve as corrugat ion str ips. Secure in 
place wi th gauze . 

3. F iberg lass s tockine t te , doub led—4" 
for average s ize . 

4 . O n e p iece of 6" ny lon s tockine t te 
folded l eng thwise and p laced at the 
media l b r i m and ex tend ing from the 
an ter ior lateral e n d (Figure 12) . T h i s 

A set of the laminating dummies, Velcro® fasteners, and 1/4" # 4 screws 
are available as Durr-Fillauer Catalog Number 807412. 

t t O n e inch unidirectional carbon fiber webbing is available as Durr-Fillauer Catalog Number 6381 

Figure 9 . Tooling. Bottom row from left to right, 
23/64" drill, steel tube or ferrule, modified valve body 
with pin for positioning valve housing, loose pin for 
positioning rubber laminating dummy (top row). 

Figure 10. Positive model ready for application of lay 
up. Rubber laminating dummy can be seen distally 
and two of the three polyethylene laminating dum
mies proximally. In between the edges of two of the 
shorter pieces of stockinette can be seen. 



Figure 11. (left) Two pieces of 
polypropylene welding rod 
secured in place on the medial 
wall with one inch cotton 
gauze. 

Figure 12. (right) Initial layers 
of nylon stockinette and fi
ber-glass stockinette have 
been applied to the model. In 
addition the folded layer of 6" 
nylon stockinette has been 
applied at the medial brim. 

Figure 13. Fiberglass-Carbon fiber rolls. The top two and the bottom one have carbon fiber in them, the second 
from the bottom is fiberglass only. 

Figure 14. Method for securing the carbon fiber 
inside the fiberglass stockinette (two inside, one 
on top) and rolling the assemblage up. 



provides extra mater ial for cut t ing the 
radii in the an te r io r a n d pos ter ior 
med ia l p roximal corners . 

5. F ibe rg l a s s -Carbon roll (Figures 13 
and 14) from anter ior to pos te r ior lat
eral ends o f the w e i g h t b e a r i n g 
structure as in the p rev ious s tep 
above and hor izonta l . Tape is u sed 
laterally, ou t s ide the t r iml ines to sec
ure the roll in p lace . 

6. F ibe rg la s s -Carbon roll on the media l 
wall and ex tend ing from the media l 
b r i m to distal lateral end of the socket . 
Distal ly, fan the ends o f the rolls out . 
A g a i n , tape is u sed to secure the distal 
e n d in place . 

7. F iberg lass only roll pos i t i oned hor i 
zontal ly as in the fifth step a b o v e . 

8. F ibe rg l a s s -Carbon roll ver t ical as in 
the sixth step (Figure 15) . 

9. F iberg lass S tock ine t t e , doub led over
all. I f the lay up is so heavy that the 
f i b e r g l a s s s t o c k i n e t t e c a n n o t b e 
pul led d o w n ove r the mode l in the 
conven t iona l fash ion , then an appro
priate length is s t re tched into place 
media l ly and secured there w i t h tape . 
T h i s wil l p rov ide the addi t ional two 
layers o f f iberglass n e e d e d for bu lk 
and s t rength (Figure 16) . 

10. Nylon s tock ine t te , doub le overall . 
1 1 . If a S i l es ian b a n d a g e or h ip jo in t is to 

b e used , the re inforc ing mater ia l de
sc r ibed in s teps 5 and 7 shou ld b e 
ex tended all the way a round the 
mode l . If necessary, addi t ional ma te 
rial should b e added distal o f th is sec
t ion for the h ip j o i n t . 

12. For large res idual l i m b s , extra ca rbon 
f iber w e b b i n g should b e added to the 
f iberglass roll in the s even th s tep. 
Addi t iona l mater ia l can, o f course , b e 
added if its use s e e m s war ran ted . 

Lamination and Removal from 
Model 

1. A p p l y the ou te r P V A s leeve , p u n c h 
hole in i nne r PVA sleeve for v a c u u m . 

2. L a m i n a t e w i th acrylic res in us ing 10 
percent t h i n n e r + + + for be t t e r satura-

+++Durr-Fil lauer Catalog Number 6380, 

Figure 15. All of the fiberglass and fiberglass-car
bon-fiber rolls secured in place with tape and gauze. 

Figure 16. The final two layers of fiberglass stocki
nette secured in place medially. In this instance it 
proved impossible to stretch the fiberglass on as 
usual. 



t ion , 550cc for average s i z e — 6 5 0 c c for 
a large mode l (F igure 17) . 

3. O n c e the l amina t ion has coo led , 
t r iml ines are d rawn and the excess 
l amina t ion is t r immed off b e y o n d the 
t r iml ines wi th a cast saw. O p e n up the 
area over the e n d o f the r u b b e r 
l amina t ing d u m m y and r emove the 
p in . T h e l amina ted w e i g h t bea r i ng 
s tructure is then r e m o v e d from the 
mode l (Figure 18) . 

T r i m l i n e s 

Proximal ly , the t r iml ine fol lows the con
ven t iona l t r iml ine (Figure 19) . If a suc t ion 
socket is to b e fit, the t r im l ines are te rmi
na t ed at abou t the lateral two- th i rds of the 
socket , approx imate ly the deepes t po in t o f 
the rectus femor i s c h a n n e l anter ior ly , and 
oppos i t e it poster ior ly . If a S i les ian b a n d or 
h ip j o i n t are to b e u sed , the b r i m ex tends 
abou t the full c i rcumference o f the socket . 
T h e infer ior edge o f the pos ter ior por t ion 
ex tends in an o b l i q u e l ine from the lateral 
junc ture to w h e r e it m e e t s t he med ia l ver t i 
cal strut in a s m o o t h , even rad ius . At the 
i schia l suppor t po in t , the b r i m is abou t 2" 
w i d e from the p rox imal to distal e d g e . T h e 
anter ior ex t ens ion is t r immed in a s imi la r 
fashion. At a po in t oppos i t e the i sch ia l 
suppor t po in t , the b r i m is abou t 3" w i d e . 
T h e med ia l suppor t strut is t r i m m e d 
w i t h i n the an te r io r -media l and pos te ro
media l angles o f the socket . At its mid
po in t , it wil l b e about 2 1/2"-2 3 / 4 " w i d e from 
anter ior to pos ter ior . It wi l l b e w i d e r 
proximal a n d distal o f the midd le por t ion 
due to the n e e d for re lat ively long radi i . 

Dis ta l ly , the s t ructure is t r i m m e d at 
abou t the junc tu re o f the vert ical walls and 
the distal e n d o f the socket anter ior ly and 
poster ior ly . Lateral ly the t r im l ine should 
ex tend to a po in t abou t 2 1/2"-3" p rox imal of 
the distal e n d of the res idual l imb to insure 
pain-free s tab i l iza t ion o f the femur in the 
socket . Th i s d i s tance m a y b e grea ter , h o w 
ever , i f there is an a b n o r m a l amoun t o f 
r edundant t i ssue distally. T h i s por t ion can 
s u b s e q u e n t l y b e t r i m m e d lower i f exper i 
ence war ran ts . T r i m l i n e s can b e adjusted 
dur ing fi t t ing i f adequa te mater ia l is left. I f 
the Surlyn® socket has b e e n t r i m m e d over-

s ize , the proximal e d g e can b e hea ted and 
rol led ove r the edge o f the we igh t bea r ing 
structure for comfor t . P i n c h i n g o f the soft 
t i ssue b e t w e e n the Surlyn® socket and 

Figure 17. Lamination. 

Figure 18. The laminated and rough trimmed frame in 
place about the Surlyn socket. 



Figure 19. Guide for the establishment of trimlines. The figure 2V2"-3" for the height of the lateral posterior 
trimline is intended as a guide only. The exact height is established by the length of the femur. 

Figure 20. Finished prosthesis. 

b r i m o f the frame m a y occur i f th is is n e 
g lec ted . 

T h e ve lco ins are secured in p lace w i t h 
epoxy and the se l f - tapping sc rews . T h e 
Velcro® pa tches shou ld no t b e secured to 
the socket n o w so as to al low for its r emova l 
from the frame dur ing f in i sh ing . Al ign
m e n t and fi t t ing p roceed in the normal 
fashion . 

Finishing 
O n c e final t r im l ines have b e e n e s t a b 

l i shed , all e d g e s , excep t the p rox imal o n e , 
should b e b e v e l e d d o w n to m e e t the Sur 
lyn® socket , and to p rov ide a s m o o t h 
es thet ic appearance after the final lamina
t ion (Figure 20) . T h e i n s ide o f t he frame is 
greased and it is secured on a p i p e or m a n 
drel wi th plaster o r s o m e o the r m e a n s . 
F in i sh lay up and PVA bag are appl ied as 
usual . T h e final l amina t ion is done wi th 



m i n i m u m v a c u u m , a n d the res in is app l ied 
only to the areas lay ing ove r the frame. 

W h e n hard , the final l amina t ion is 
t r i m m e d to the edge o f the w e i g h t bea r i ng 
structure and the th igh p iece is o the rwise 
f in i shed in the usual fashion . 

D u r i n g f ina l d e l i v e r y , t h e Ve lc ro® 
pa tches are appl ied to the socket w h e n it i s 
clear that the socket wi l l not aga in n e e d to 
b e r e m o v e d from the frame. 

To do th i s , the Velcro® pa tches are 
app l i ed to t he ve l co ins and the pro tec t ive 
back ing r e m o v e d . L o n g str ips of th i s s a m e 
b a c k i n g mater ia l should then b e appl ied to 
the adhes ive of the Velcro® so that the 
s tr ips ex tend b e y o n d the t r iml ines . T h e 
socket is then secured in p lace a n d the 
str ips o f pro tec t ive b a c k i n g pee led loose 
from the Velcro.® Hea t and pressure from 
the pa t ien t wa lk ing wil l cause the Velcro® 
to adhere firmly to the Surlyn.® T h e socket 
should , of course , b e c leaned pr ior to in 
ser t ion in the frame. 

T h e u se of Velcro® has thus far p roven 
super io r to the u s e o f r ivets for secur ing the 
socket to the frame. T h e r ivets d isp layed a 
t endency to pull th rough the socket wal ls , 
part icular ly i f the fit b e t w e e n the socket 
and frame distal ly w a s not sol id. W i t h Vel 
cro,® it is o f course p o s s i b l e wi th m i n i m u m 
effort to r emove the socket from the frame 
for repairs o r ad jus tments . 
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