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INTRODUCTION 
Upper ex t remi ty pros the t ic des ign for 

b e l o w - e l b o w ampu tees has cont inual ly 
evolved in an a t tempt to improve suspen­
s ion and comfort wi thou t sacrif icing range 
of m o v e m e n t and funct ion. T h e advent of 
e lec t ro -mechan ica l (myo-elec t r ic) pros the­
ses w h i c h do not requ i re ha rnesses has led 
to improved " M u e n s t e r " style socket type 
su spens ion sys tems w h i c h can b e appl ied 
to conven t iona l p ros theses as w e l l . 1 T h e 
deve lopmen t of lower -ex t remi ty flexible 
socket sy s t ems also opens up s o m e in­
t r iguing poss ib i l i t i e s for upper ex t remi ty 
pros theses at the s a m e t i m e . 2 N e w mate­
rials are cons tant ly evolv ing , w h i c h also 
lead to improved socket t echnology and 
fabrication techniques . 

CASE STUDY 
The project began as an effort to con­

struct a relat ively l igh tweigh t , s t rong, b e ­
low-e lbow pros thes i s wi th a h igh comfort 
range , specif ical ly des igned to funct ion 
wi th a G R I P 3 voluntary c los ing terminal 
device sys tem. T h e amputee was an ex­
pe r i enced pros thes i s user , for more than 13 
years , w i th a four inch , b e l o w - e l b o w am­
puta t ion. Th i s pa t ien t pursued a var ie ty of 
r igorous act ivi t ies w h i c h requi red bi lateral 
s t reng th and coo rd ina t i on . Pas t ha rd 
socket p ros theses , wi th varying des igns 
and styles , had not provided a sufficient 
range o f comfort to protect the b o n y 
p r o m i n e n c e s of his residual l imb . The con­
dyles , o lecranon , and the distal end of the 
res idual l i m b suffered cons tan t stress and 
aggravat ion resul t ing in redness , so reness , 
and t issue degradat ion dur ing r igorous 
act iv i t ies . 



Figure 1. Outlines for bony prominences. 

Figure 2. Note the markings around the condyles and 
distal end of the ulna and radius. 

Figure 3. Socket with pads in place. 

Pr ior to fabr ica t ion , a full socket l iner 
concep t w a s cons ide red bu t re jected b e ­
cause o f the hea t bu i ld up and ant ic ipa ted 
inc reased persp i ra t ion . The chosen des ign 
was a two-p iece part ial l iner w h i c h used 
padd ing to protect the distal end , condy les , 
and o lecranon . 

MEASUREMENT AND 
FABRICATION 

W h i l e ou t l in ing b o n y p r o m i n e n c e s for 
the cast (Figure 1 ) , the prosthet is t pa id spe­
cial a t ten t ion to the sens i t ive areas a round 
the condy les and distal end o f the ulna and 
radius (Figure 2) b e c a u s e of the h igh forces 
genera ted b y the ampu tee ' s ac t iv i t ies . 
" M u e n s t e r " type socket cas t ing and mod­
if icat ions w e r e used , and a check socket 
made of r ig id acrylic res in w a s fabr ica ted . 

Dur ing pos i t ive mode l modi f ica t ion , 
large reliefs were p rov ided for the b i ceps 
t endon in order to ach ieve full f lexion. T h e 
pos te r ior b r im w a s ex tended proximal ly to 
spread ou t the o the rwise concen t ra ted 
forces p rox imal to the condyles dur ing full 
ex tens ion o f the p ros thes i s . T h e amputee 
found this modi f ica t ion necessa ry to avoid 
t i ssue b r e a k d o w n during r igorous ac­
t iv i t ies , such as we igh t lifting and rock 
c l imb ing . The check socket was adjusted to 
create as m u c h t ens ion as poss ib le on soft 
t i ssues , to ach ieve bet ter pros the t ic control 
and improve propr iocept ion . 

W i t h the e lbow ex tended , p u s h i n g the 
arm in to the check socket y ie lded very little 
t i ssue d i sp lacement . Howeve r , the distal 
ends of the u lna and radius c a m e in to sl ight 
contac t w i th the distal end of the socket . At 
this po in t , the locat ion of the distal and 
proximal pad for the condyles and olecra­
non was ou t l ined , after w h i c h the socket 
was b iva lved , and out l ines for the pads 
were transferred to the pos i t ive mo ld . 

After cons ide r ing and trying a var ie ty of 
mater ia ls for the p a d s , 4 Pelite® w a s chosen 
b e c a u s e of its s impl ic i ty , durabi l i ty , and 
c lean l iness . T h e Pelite® was formed and 
t r immed to fit w i th in the b o n y out l ines . 
W i t h the pads in place (Figure 3 ) , the defi­
n i t ive socket was l amina ted , after wh ich 
the pos i t ive mode l was b roken out and the 
pads saved . Foam w a s then appl ied pre-
ex tend ing the socket three to five degrees , 
and cut to length . T h e socket w a s refitted 
and the pa t ien t put it th rough some light­
we igh t m a n e u v e r s , at w h i c h t ime an op­
t i m u m a l ignmen t was found. 



Figure 4. Comparing forearm socket with patient's sound extremity. 

The foam was shaped to ma tch the pa­
t ient ' s sound forearm (Figure 4) . T h e color 
of the res in w a s ma tched to the pa t ien t ' s 
skin p i g m e n t , and ca rbon f iber and acrylic 
res ins were used in the lay-up to increase 
s t rength. 

RESULTS 
After approx imate ly one m o n t h of use , 

the distal e n d pad of Pelite® was replaced 
wi th a " T " foam inser t for more cush ion ­
ing. T h e pr imary Pelite® pad, w h i c h pro­
tected the condyles and o lecranon , was 
modi f i ed . Modi f i ca t ion involved sl ightly 
ex tend ing the pad edges proximal ly at the 
condy les and o l ec ranon w h i l e cor res ­
pond ing ly re l ieving the socket to accept the 
larger pad. T h e modi f ica t ion p roved suc­
cessful and sat isf ied the pa t ien t ' s needs . 

A lmos t a year later, the pa t ien t reports 
that heat and persp i ra t ion factors are com­
parable to a hard socket . The pa t ien t ' s re­
sidual l i m b has r ema ined in excel lent con­
di t ion s ince the fi t t ing and he does not 

expe r i ence the nega t ive effects that were 
induced wi th a hard socket . 

The final des ign resul ted in a p ros thes i s 
(Figures 5 & 6) wh ich requ i red no break- in 
per iod and was repor ted as " the mos t 
comfor tab le p r o s t h e s i s " that the pat ient 
had ever worn . To date , the p ros thes i s has 
b e e n exposed to such act ivi t ies as m o u n ­
t a i n e e r i n g ( i n c l u d i n g t e c h n i c a l r o c k 
c l i m b i n g ) , windsur f ing , and bo th s n o w 
and wa te r sk i ing , w i th excel lent resul ts . 
T h e padd ing has also p rov ided a form of 
the rmal insu la t ion for add i t iona l cold 
wea the r comfort . 

S o m e unusua l aspects of this p ros thes i s 
need to b e e m p h a s i z e d . First , the socket is 
des igned to b e p re -ex tended , not pre-
flexed, a l lowing total arm ex tens ion . T h i s 
des ign l imi ts flexion of the p ros thes i s to 
w i th in five i nches of the face, b u t is pre­
ferred b y the pa t ien t , w h o is a unilateral 
ampu tee . T h e ex tended pos ter ior b r i m at 
the rear of the socket d is t r ibutes distal 
pros the t ic loads to the back of the humerous and r emoves the load from the distal 



Figure 5. Finished prosthesis. 

Figure 6. Finished prosthesis and pads. 

end of the res idual l i m b . T h i s cant i lever 
effect al lows for the hand l ing of heavy 
loads wi th a shor t l i m b and re l ieves the 
pain usual ly associa ted wi th loads appl ied 
to the distal end of the p ros thes i s . T h e 
pros thes i s ' l ength w a s a l igned to f inger 
t ips and no t the t h u m b of the pa t ien t ' s 
sound hand . T h i s w a s preferred even 
though the residual l i m b is only four in­
ches be low the e lbow. 

Final ly , the ha rness is ext remely s imple 
but very effective. A tr iceps cuff is not 
present , and the des ign ut i l izes a modi f ied 
Nor thwes te rn Figure 9 ha rness . A r ing and 
rapid adjust buck le are used to adjust cable 

excurs ion three to four i nches , w h i c h can 
e n h a n c e the use of voluntary c los ing ter­
mina l device s y s t e m s . 5 A leather cross bar 
strap is r ive ted to the back of the socket , 
and suppor ts the cab le , keep ing it off the 
tr iceps area. In terference wi th dress shir ts 
is not apparent (Figure 7 ) . T h e harness 
r ides low across the back , bu t can b e 
s l ipped up over the shou lder for improved 
range ho ld ing above the head . W i t h am­
putees re jec t ing conven t iona l p ros theses 
due to the complex harness sys t ems (such 
as F igure 8 ha rnesses ) , this des ign offers a 
m u c h less c u m b e r s o m e , comfor table , yet 
very functional, a l ternat ive . 



Figure 7. Prosthesis with cable attachment. 

CONCLUSION 
It is the au thors ' con ten t ion that this 

pros the t ic des ign is a v iable a l ternat ive for 
the act ive be low e l b o w ampu tee wi th a 
short to mid-forearm l i m b a b s e n c e . The 
self su spend ing socket des ign , w h e n it can 
be tolerated, reduces c u m b e r s o m e harnes ­
sing, a l lowing for the appl ica t ion of s im­
ple, efficient, l igh tweigh t cable control 
sys tems . T h e added comfort and s impl ic i ty 
can only encourage more act ive use of the 
pros thes is , a pr imary rehabi l i t a t ion goal. 
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