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Since January, 1984, w h e n New York 
Unive r s i ty Pos t -Gradua te Med ica l S c h o o l 
in t roduced the I S N Y ( Ice land ic -Swedish -
N e w York) A b o v e - K n e e S o c k e t S y s t e m to 
the pros the t ic profess ion by offering the 
first ins t ruct ional course on th is subjec t , 
this revolut ionary t e c h n i q u e has spread 
wi th surpr is ing speed all over the U n i t e d 
S ta tes and , indeed, through many o f the 
indust r ia l ized na t ions o f the wor ld .1- 2 

In v iew o f the ove rwhe lming ly favorable 
response to the comfort provided by the 
th inner , l ighter , cooler , f lexible I S N Y 
socket and its we igh t - t r ansmi t t ing frame, 
it is o b v i o u s that cons ide ra t ion wou ld soon 
b e g iven to the appl ica t ion o f these des ign 
pr inc ip les to o ther amputa t ion levels . T h e 
purpose o f th is pape r is to repor t o n the 
I S N Y F lex ib l e -Hinge Pros thes i s , for the 
m e d i u m a n d l o n g b e l o w - e l b o w a m p u t e e . 

Fo r this level o f b e l o w - e l b o w ampu tee , 
the conven t iona l p ros thes i s is fabr icated o f 
r ig id plast ic l amina te , w i th a doub le wal l 
cons t ruc t ion . T h e inne r wal l forms the 
socket and the ou te r wal l p rov ides for at
t a chmen t o f the wr i s t un i t a n d f lexible 
h i n g e s , as wel l as for appropr ia te l eng th 
and shape . A s i l lustrated in F igure 1, the 
I S N Y b e l o w - e l b o w pros thes i s cons i s t s o f a 
th in , thermoplas t ic socket c o n n e c t e d v ia 

volar a n d dorsal struts to t he l amina ted 
dis tal por t ion . A s in the a b o v e - k n e e I S N Y 
des ign , the socke t is soft and f lexible ra ther 
than ha rd a n d r ig id . T h e frame, wh i l e al
l o w i n g for length , shape , a n d c o m p o n e n t 
a t t achment , is m i n i m a l in s ize and extent . 
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Figure 1 . I.S.N.Y. Flexible Hinge Below-Elbow 
Prosthesis. 



Table 1. 

CLINICAL EXPERIENCE 
Fol lowing several laboratory fi t t ings for 

deve lopmenta l purposes , the first I S N Y 
b e l o w - e l b o w pros thes i s w a s de l ivered in 
February, 1984 to a 73 year old male, semi-
re t i red p l u m b e r w h o had b e e n a par t - t ime 
use r o f h i s conven t iona l p ros thes i s . W i t h 
the I S N Y pros thes i s , howeve r , h e b e c a m e a 
full-t ime wearer , a n d w a s ab le to per form 
h i s ac t iv i t ies o f dai ly l iv ing and vocat ional 
ac t iv i t ies m o r e comfortably. T h e sub jec t 
ha s w o r n the I S N Y pros thes i s successfully 
for m o r e than o n e year w i thou t n e e d for 
repair . D u e to these encourag ing reac t ions , 
N Y U began a ser ies o f I S N Y f lex ib le -h inge 
below-elbow prosthesis fittings to a group of 
young amputees , this be ing the specific 
population that w e were funded to serve. 

In ou r ini t ia l se r ies , s i x uni la teral , c o n -
g e n i t a l , b e l o w - e l b o w a m p u t e e s w e r e 
fitted. T h e four gir ls a n d two boys range in 
age from 7 1/2 to 18 years (X = 12 .8 yrs . ) , 
w i th an average res idual l i m b measu r ing 
63 percent o f s o u n d forearm length . All 
were full- t ime weare rs o f conven t iona l 
p ros theses . I S N Y sockets w e r e fabr ica ted 
for each sub jec t u t i l iz ing a n e w plaster 
n e g a t i v e i m p r e s s i o n , p l a s t e r p o s i t i v e 

mode l , a n d wr i s t uni t , bu t the t e rmina l 
dev ice a n d ha rnes s type w e r e u n c h a n g e d . 
T h e s e s ix individuals have w o r n the n e w 
sockets for an average o f 5 .8 m o n t h s ( range: 
2-11 m o . ) . T h e forearms con t a in ing the 
I S N Y socke ts have averaged 4 .8 oz . l ight
er than the i r conven t iona l counterpar ts 
(Table 1 ) . 

S t ruc tu red in te rv iews w e r e conduc ted 
w i t h each weare r at the t ime o f del ivery o f 
the n e w pros thes i s a n d at two , four, and s ix 
w e e k intervals pos t -de l ivery to el ici t c o m 
para t ive o p i n i o n s conce rn ing the conven 
t ional a n d I S N Y pros thes i s . As deta i led in 
Table 2, all sub jec t s ind ica ted that the I S N Y 
w a s m o r e comfor table than the conven 
t ional socket , b e i n g l ighter , cooler a n d 
pe rmi t t ing the input o f sensory s t imul i , 
part icular ly w h e n wr i t ing or l ean ing on the 
p ros thes i s . T h e y a lso repor ted that w e a r 
t imes increased w i t h the I S N Y sys tem, e s 
pecia l ly dur ing the s u m m e r m o n t h s , a n d 
that the device "felt more like m y real a rm," 
p robab ly due to the greater in t imacy o f fit 
m a d e poss ib le b y the soft, f lexible ther
moplas t ic . Th ree ind iv idua ls objec ted to 
the appearance o f the pros thes i s , indicat
ing that the two diss imi lar ly colored parts 
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(socket and frame) " l o o k e d different than 
a real a r m . " None the les s , they pers is ted in 
wear ing the dev ice due to the over r id ing 
comfort a n d o the r advantages in compar i 
son wi th the conven t iona l sys tem. T h e 
o ther three individuals cons ide red the 
c o s m e s i s to be be t te r than the conven 
t ional . 

In summary , all sub jec t s reac ted e n 
thusiast ical ly to the n e w sockets a n d e m 
phat ical ly re jec ted a ny sugges t ion to re turn 
to thei r conven t iona l socke ts . 

FABRICATION METHODS 
Vacuum-forming the Socket 

U s i n g round frames ( ins ide d iamete r 9") 
and a round p la ten (d iamete r 8"), the socket 
is v a c u u m formed from e i the r po lye thy lene 
or Surlyn.® For longer and b roade r res idual 
l i m b s , the thermoplas t ic should b e 3 / 1 6 " 
th ick , wh i l e for shor ter and th inner res id
ual l i m b s , 1/8" th i ckness m a y b e used . In 
m o s t cases , d rawing the socket over the 
plaster m o d e l is a s imp le a n d straight-for
ward procedure . 

P rob l ems m a y b e encoun te red , h o w 
ever , i f the res idual l i m b presen ts an un
usual non-con ica l s h a p e , as for example a 
wr is t d isar t icula t ion w i t h undercu ts j u s t 
above the s ty lo id p rocesses , or a l i m b w i t h 
a d is t inc t curve at i t s e n d . It i s difficult to 
p reven t wr ink l ing a n d excess ive t h inn ing 
o f the socket wal l in these undercu t areas . 
To solve such p r o b l e m s , w e have e i ther 
used 1/8" Surlyn,® w h i c h tends to mold 
m o r e eas i ly than po lypropy lene ; o r 1/4" 
po lye thy lene , in w h i c h case t he por t ions of 
the socket that are too th ick are g round 
d o w n and buffed to appropr ia te t h innes s 
and flexibili ty. T h i s lat ter so lu t ion does no t 
work wi th Surlyn® because it does no t 
readi ly accept g r ind ing . 

Frame Lay-Up 
W i t h the socket , the w a x ex tens ion , a n d 

the wr is t un i t in p lace on the plaster pos i 
t ive mode l , lay-up mater ia ls are app l i ed as 
fol lows: 

• a s leeve o f l ight dacron felt 
• two layers o f ny lon s tockine t te 
• two layers o f c a rbon f iber tape(1/2" 

wid th ) p laced a long wi th volar a n d 
dorsal m id l ine s o f the socket a n d ex
tens ion 

• two layers o f ny lon s tockine t te 
W i t h the excep t ion o f the ca rbon f iber , 

all mater ia ls are pul led over the mode l and 
t ied off at the wr i s t un i t in the usual m a n 
ner . T h e layers o f c a rbon f iber tape are 
formed b y folding a o n e inch w i d t h 
l eng thwise , thus crea t ing two layers o f 1/2" 
wid th , a n d s e w i n g to ma in t a in the fold. 
T h e s e sewn leng ths are then placed a long 
the volar and dorsal m i d l i n e s b e g i n n i n g 
approximate ly one inch prox imal to the 



Figure 2.I.S.N.Y. 
flexible socket dis
playing anterior 
distal trimline. 

wris t un i t a n d ex tend ing to approximate ly 
o n e inch distal to the an t ic ipa ted socket 
t r iml ine . 

Frame Trim 
After l amina t ion , the frame is t r i m m e d 

so that the volar a n d dorsal struts are ap 
prox imate ly 3/4" in wid th , w h i c h m e a n s 
that a b o u t 1/8" o f r e s in - impregna ted ny lon 
a n d dacron felt r e m a i n o n each s ide o f the 
1/2" w i d e ca rbon- f ibe r tape . Proximal ly , 
these struts t e rmina te a n y w h e r e b e t w e e n 
1/8" a n d 3/4" distal to the socket t r iml ine . T h e 
shor te r t he res idual l i m b , the c loser the 
p rox imal t e rmina t ion wil l b e to the socket 
t r iml ine . 

Poster ior ly , the curve w h i c h connec t s the 
struts is at a level jus t distal to the distal e n d 
o f the res idual l i m b . Anter ior ly , howeve r , 
th is curve is jus t p rox imal to the distal e n d 
o f the res idual l i m b (Figure 2 ) . T h e purpose 
o f the m o r e p rox imal loca t ion o f the an te 
r ior curve is to improve c o s m e s i s b y h i d i n g 
the s i te o f amputa t ion , w i thou t con tac t ing 
the socket . It is essent ia l to k e e p th is in 
m i n d w h e n p repar ing the w a x forearm ex
tens ion , w h i c h mus t b e shaped so as to 
p rov ide approx imate ly 1/8" c learance b e 
tween socket a n d frame in th is area . 

Attachment of Socket to Frame 
Severa l m e t h o d s o f a t tach ing the socket 

to the struts have b e e n explored . O u r in i 
tial approach of s imply r ive t ing the ther 
moplas t ic socket to the frame resul ted in 
bea r ing failure due to the inadequa te area 
avai lable to res i s t s t ress . A s a s econd ap 
proach, the socket w a s formed over Nyloplex str ips placed on the volar and dorsal 
s ides of the pos i t i ve model wi th Nyloplex 
r ivets put th rough the socket , frame, and 
s t r ips . T h i s great ly increased bea r ing sur
face solved the bear ing failure p rob lem, 
howeve r , fabr ica t ion p roved to be a s o m e 
w h a t c u m b e r s o m e and t i m e - c o n s u m i n g 
process . 

T h e preferred procedure ut i l izes an ad
h e s i v e - b a c k e d , Velcro type** pi le secured 
to the thermoplas t ic socket , w i th the h o o k 

por t ion e i the r adhes ive b a c k e d , o r g lued to 
b o t h struts w i th D e v c o n 5 -Minu te Epoxy® 
or 3 M # 4 6 9 3 . ® T h e parts are then s imply 
p ressed together . Al though this t e c h n i q u e 
provides a very sat isfactory a t t achment , 
the mediola tera l d i m e n s i o n of the pros the
s is is inc reased b y the th i ckness o f the p i le 
and hook . It i s pos s ib l e , i f des i red , to re
duce th is d i m e n s i o n b y ut i l iz ing only the 
pi le . A s before , the adhes ive back ing of the 
pi le is appl ied to the thermoplas t ic socket ; 
h o w e v e r , the o ther surface is g lued directly 
on to the l amina ted struts . 

Harness Attachment 
T h e f lexible h i n g e s are a t t ached to the 

I S N Y forearm at the conven t iona l s i tes . 
H o w e v e r , it is impor tant to recall that the 
c ross -hanger s trap that connec t s the two 
h inges should b e pos i t i oned prec ise ly a t 
the j o in t cen te r s ( i . e . , d i rect ly ove r the h u 
meral condy les ) . 

T h o u g h w e are unab le , as yet , to repor t 
long- te rm resul ts on a large n u m b e r of pa
t ien ts , w e are conf iden t on the bas i s o f the 
e v i d e n c e p re sen ted that the I S N Y Flexib le 
H i n g e Pros thes i s , as desc r ibed , r epresen t s 
a s igni f icant advance in pros the t ic comfort 
and funct ion for m e d i u m and long be low-
e l b o w ampu tees . W e are also conf ident that 
the same approach wil l b e appl icab le to 

Scotchmate Hook and Loop, 3M Manufacturing Co. , Min
neapolis, Minnesota. 



other types o f lower a n d uppe r - l imb pros 
theses a n d w e are current ly d i rec t ing re
search efforts a long the se l ines . 
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