
R E P O R T 
P A N E L O N U P P E R - L I M B PROSTHETICS 

M e m b e r s h i p : 
C h a i r m a n : D u d l e y Chi ldress 
Recorder: M a u r i c e L e B l a n c 
M e m b e r s : J o h n Bil lock 

J a c k H e n d r i c k s o n 
Al fred Kritter 
John L y m a n 
C a r l M a s o n 
R a y M e n d r o l a 

R a y m o n d Pel l icore 
Wes ley Prout 
Wi l l iam Sauter 
C a r l S u m i d a 
Bert T i t u s 

It is e s t imated there are 100 ,000 upper-
l imb a m p u t e e s in the United S ta te s of w h o m 
a b o u t half ac tua l ly w e a r pros theses . L a c k of 
accep tance of pros theses is a complex , mult i -
faceted subject , but it is k n o w n that p r o s ­
theses are accepted for a b o u t four reasons: 

(a) g o o d a p p e a r a n c e (cosmet ic) 
(b) useful funct ion 
(c) rel iabil ity 
(d) comfor t 

B o d y - p o w e r e d , cable -dr iven upper - l imb 
pros theses h a v e g o n e through a 25-30 year 
evo lu t ionary p r o c e s s a n d , within their l imi­
tat ions , h a v e funct ioned well. T h e y will be 
i m p o r t a n t in upper - l imb prosthet ics for 
m a n y y e a r s to come , but i m p r o v e m e n t s in 
their function a n d a p p e a r a n c e are needed. 
H o w e v e r , d r a m a t i c b r e a k t h r o u g h s in this 
a r e a seem to be unlikely. 

A m p u t e e s t o d a y h a v e high expectat ions 
for their pros theses a n d the g o a l of research 
a n d deve lopment shou ld be to create im­

p r o v e d pros theses which are funct ional a n d 
cosmet ic while a l s o being rel iable (repair free 
for one-year intervals) a n d c o m f o r t a b l e . 
P o w e r e d l imbs offer potent ia l for i m p r o v e d 
pros theses , but it is e s t imated that only one 
percent of the upper - l imb a m p u t e e s in the 
Uni ted S t a t e s currently use p o w e r e d p r o s ­
theses of a n y form. E x p a n d e d g r o w t h in this 
a r e a is expected . 

S tate -o f - the-Art 

Current s tate-of- the-art in upper - l imb 
prosthet ics pract i ce is defined to inc lude de­
vices (or sys tems) a n d techniques which are 
a v a i l a b l e t o d a y (1977) to the general a m p u ­
tee p o p u l a t i o n . State-of - the-art is s u m m a r ­
ized in T a b l e s 1 , 2, a n d 3 which relate a m p u ­
tat ion levels with s t a n d a r d pract ice . 
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I m p r o v e m e n t s h a v e been m a d e in upper-
l imb prosthet ics dur ing the last ten y e a r s al­
though none of these h a v e been significant 
e n o u g h to revolut ionize the field. A part ia l 
list of i m p r o v e m e n t s is a s fo l lows: 

(1) I m p r o v e d s u p r a c o n d y l a r below-elbow socket s . 

(2) I m p r o v e d a b o v e - e l b o w socket sys ­
tems. 

(3) Se l f -contained a n d se l f - suspended 
p o w e r e d pros theses . 

(4) D e v e l o p m e n t of external ly p o w e r e d 
h a n d s a n d other c o m p o n e n t s . 

(5) Myoe lec tr ic control s y s t e m s . 
Myoe lec tr ica l ly control led h a n d s for the 

b e l o w - e l b o w a m p u t e e are a v a i l a b l e through 
regular channels . P o w e r e d l imbs for the 
a b o v e - e l b o w a m p u t e e a n d the higher level 
a m p u t e e a r e a v a i l a b l e in special centers. 
Electrically p o w e r e d h o o k s , to p r o v i d e 
h o o k - h a n d interchangeabi l i ty are r e a d y for 
clinical e v a l u a t i o n . 

I m p r o v e d prosthet ics pract i ce is not limit­
ed to technology . T h e technology is here, the 
b iggest p r o b l e m concerns the transfer of the 
technology to the field (clinical pract ice ) . 
T h i s d o e s not m e a n that technical i m p r o v e ­
ments are not neces sary with exist ing de­
vices . It m e a n s that technology can out -race 
our abi l i ty to implement it in the field. 

R e c o m m e n d a t i o n s 

T h e r e are m a n y r e c o m m e n d a t i o n s which 
cou ld b e m a d e in the field of upper - l imb 
prosthet ics . O n l y a few are l isted here in or­
der to e m p h a s i z e their part icu lar impor­
tance. T h e y are listed in order of perce ived 
i m p o r t a n c e . 

1 . It is s trongly r e c o m m e n d e d that the de­
l ivery of a v a i l a b l e technology a n d tech­
niques (e .g . , b e l o w - e l b o w myoelectr ic 
prostheses ) b e p r o m o t e d act ive ly . 
(a) A T E S T (Techno logy-Extens ion-

Serv ice -Tes t ing) p r o g r a m s h o u l d be 
instituted to implement the new de­
v e l o p m e n t s . T h e T E S T p r o g r a m 
cou ld o p e r a t e s o m e w h a t a s an Ex-

tension service (e .g . , T h e Agr icu l ­
ture Exper iment S ta t ion S y s t e m ) . 
T h i s organ iza t ion w o u l d transfer 
technology to the "grass roo t s" level 
through extens ion educat ion p r o ­
g r a m s and be invo lved with over­
seeing service p r o b l e m s a n d e v a l u a ­
tion (test ing) . A c a t a l o g of a v a i l a b l e 
c o m p o n e n t s a n d sys t ems , a s well a s 
u p - d a t e d in format ion on new devel­
o p m e n t s , cou ld be p r o v i d e d b y this 
g r o u p to local prosthet i s ts , thera­
pis ts , a n d phys ic ians . 

(b) N e w prosthet ics techniques a n d sys ­
tems that h a v e been s h o w n to be 
w o r t h y shou ld be taught in the b a s i c 
a n d cont inuing prosthet ics e d u c a ­
tion p r o g r a m s of the U . S . T h e s e 
p r o g r a m s shou ld be directed t o w a r d 
the clinic t eam, pr imar i ly the prosthetist, the phys ic ian , a n d the thera­
pist . 

(c) T h e A m e r i c a n A c a d e m y of Orthotists a n d Prosthet i s ts s h o u l d p l a y an 
ac t ive role in this del ivery p r o g r a m . 

(d) T h i r d p a r t y p a y e r s (e .g . , insurance 
c o m p a n i e s , agenc ies , etc . ) shou ld be 
kept in formed of the benefits a n d 
cost of new prosthet ics pract ice . 

2 . It is r e c o m m e n d e d that a m e c h a n i s m for 
the clinical e v a l u a t i o n of new a n d exist­
ing research d e v e l o p m e n t s be e s tab­
l ished. Prov i s ion shou ld be m a d e for a 
c o o r d i n a t e d effort in this field to insure 
effective a n d efficient use of re sources . 
(a) It is especial ly i m p o r t a n t for the 

school facult ies a n d m a n u f a c t u r e r s 
a s well a s the deve lopers to be in­
v o l v e d in the eva lua t ion cycle . 

(b) T h e funct ions of the former C o m ­
mittee on Prosthet ics Research a n d 
D e v e l o p m e n t ( C P R D ) s h o u l d be re-
inst i tuted for this p u r p o s e . 

(c) T h e A A O P s h o u l d be invo lved in 
e v a l u a t i o n of u p p e r - l i m b p r o s ­
theses. 

(d) Cl inical e v a l u a t i o n s s h o u l d be per­
f o r m e d by object ive e v a l u a t o r s a n d 
not b y the deve lopers . 



3 . It is r e c o m m e n d e d that special ized cen­
ters be deve loped to p r o v i d e service a n d 
to u n d e r t a k e research concerning the 
special p r o b l e m s of the high-bi lateral 
a m p u t e e a n d other difficult c a s e s . 
(a) S u c h centers shou ld serve children 

a n d a d u l t s . 
(b) T h e s e centers s h o u l d be few in n u m ­

ber a n d c a p a b l e of handl ing multimembral a m p u t e e s . 

(c) T h e centers w o u l d p r o v i d e in forma­
tion a n d consu l ta t ion to the upper -
l imb prosthet ics field. 

(d) T h e s e centers w o u l d focus on ava i l ­
ab le technology , whatever its 
s o u r c e . A n i m m e d i a t e g o a l shou ld 
be to ob ta in for eva lua t ion the sys ­
tem d e v e l o p e d for amel ic children 
b y S i m p s o n in S c o t l a n d . 

4. It is r e c o m m e n d e d that the ach ievement 
of se l f - suspended a n d se l f -contained 
pros theses be p r o m o t e d s trongly for the 
a m p u t e e p o p u l a t i o n . 
(a) E m p h a s i s initially s h o u l d be direct­

ed t o w a r d a b o v e - e l b o w level p r o s ­
theses. 

(b) T h e use of external ly p o w e r e d el­
b o w s s h o u l d be s tudied a n d devel ­
o p m e n t expedi ted . 

(c) D r . M a r q u a r d t ' s surgical technique 
of a n g u l a r o s t e o t o m y , to increase 
suspens ion a n d rotat ional s tabi l i ty 
for a b o v e - e l b o w l imbs, s h o u l d be 
s tudied a n d r e c o m m e n d a t i o n s m a d e 
for clinical pract i ce . 

5 . T h e deve lopment of i m p r o v e d p r o s ­
thetic skin a n d soft t issue for a r m p r o s ­
theses is r e c o m m e n d e d . 
(a) Reference s h o u l d be m a d e to pre ­

v i o u s speci f icat ions p r e p a r e d b y 
C P R D for prosthet ic skin a n d soft 
t i ssue. 

(b) C o m m e r c i a l enterprise s h o u l d be 
funded to d e v e l o p an i m p r o v e d 
prosthet ic skin mater ia l . 

(c) O t h e r efforts shou ld b e recognized 
a n d s tud ied for poss ib le interim or 
long r a n g e benefit for certain s i tua­
t ions . T h e s e include efforts of O t t o 

B o c k (new g love ) , a n d of Dr . Leo­
n a r d (acryl ic coat ings ) , M r . S a u t e r 
(s i last ic) , a n d M r . Bi l lock ( latex) . 

6. It is r e c o m m e n d e d that the i m p r o v e ­
ment of b o d y - p o w e r e d upper - l imb 
pros theses not be neglected in a trend 
t o w a r d p o w e r e d pros theses . 
(a) I m p r o v e d h a r n e s s techniques which 

opt imize the effectiveness of b o d y 
m o t i o n s a r e needed . 

(b) Se l f - suspens ion techniques shou ld 
be examined for use in m a n y b o d y -
p o w e r e d pros theses . S o c k e t s , in 
general , h a v e not been g iven a d e ­
q u a t e attent ion in deve lopment la­
b o r a t o r i e s a n d in pract i ce not 
e n o u g h concern is s h o w n for inti­
m a c y of fit. 

(c) C r e a t i v e exper imentat ion with c o m ­
b i n a t i o n s of b o d y p o w e r a n d ex­
ternal p o w e r (hybrid sys tems) is 
s t rong ly e n c o u r a g e d . 

S t a n d a r d s 

N o n - i n v a s i v e , u p p e r - l i m b pros theses a r e 
not life threatening a n d p o s e no m o r e h a z a r d 
than the non-amputee ' s n o r m a l phys io log i ­
cal l imb. Mechan ica l or electric fai lure of u p ­
per - l imb pros theses n o r m a l l y p o s e n o h a z a r d 
to the user. C o n s e q u e n t l y , these devices 
s h o u l d b e exempt f r o m regula t ions . 

Future pros these s which might conta in im­
p l a n t a b l e or t r a n s c u t a n e o u s c o m p o n e n t s 
(electrical or mechanica l ) w o u l d need to be 
cons idered s epara te ly . 

L o n g - R a n g e C o n s i d e r a t i o n s 

1 . T h e deve lopment of s u b c o n s c i o u s con­
trol of pros these s h a v i n g mult iple func-



t ions is des irable . S u c h a sys t em w o u l d 
relieve the a m p u t e e , a s m u c h a s p o s s i ­
ble, of c o n t i n u o u s moni tor ing of the 
pros thes i s a n d permit s the pros thes i s to 
serve the a m p u t e e instead of the a m p u ­
tee serv ing the prosthes i s . A n u m b e r of 
technical s y s t e m s are be ing d e v e l o p e d 
for this p u r p o s e . T h e s e include: 
(a) Extended phys io log ica l p r o p r i o c e p ­

tion ( e . p . p . ) . 
(b) T r a j e c t o r y control which directs the 

endpoint (hand) a n d a u t o m a t i c a l l y 
a d j u s t s for chang ing t o r q u e s a n d 
l o a d s . 

(c) Mul t ip le a n d single myoelectr ic 
channel s ignal process ing for con­
trol of mult ip le o u t p u t s . 

(d) Neuroe lectr ic control (mult iple-
channel) f r o m n e r v o u s t issue. 

S o m e of these techniques require c o m ­
plex electronics technology . H o w e v e r , 

recent a d v a n c e s in microe lectronics 
m a k e these s y s t e m s potent ia l ly pract i ­
cal , f r o m a technical s t a n d p o i n t . 

2 . T h e deve lopment of art iculated a n d 
mult i funct ional h a n d s a p p e a r s p r o m i s ­
ing. 

3. Direct skeletal a t tachment is a l a u d a b l e 
l o n g - r a n g e g o a l in upper - l imb p r o s t h e ­
tics. 

4. I m p r o v e d bat tery des ign w o u l d b e help­
ful in upper - l imb prosthet ics . High en­
ergy a n d p o w e r densit ies a r e des irable 
to reduce weight a n d size. Increased 
r u g g e d n e s s a n d greater rel iabil i ty a r e 
a l s o needed. 

5 . T h e deve lopment of electric h a n d s that 
a r e smal ler than a n d larger than those 
current ly a v a i l a b l e is des irable . 

6. N e w prehens ion s y s t e m s such a s the 
h o o k p r o p o s e d by Bot tomley in 1966 
s h o u l d b e invest igated . 


