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W h e n myoe lec t r i c c o m p o n e n t s b e c a m e 
avai lable for y o u n g b e l o w e l b o w am
pu tees , the Ch i ld A m p u t e e Pros the t ics 
Project (CAPP) at the Unive r s i ty o f Califor
n ia at Los Ange l e s under took a s tudy to 
de te rmine h o w chi ldren w o u l d benef i t 
from such f i t t ings. T h e goals of the s tudy 
were : 

• to es tab l i sh cr i ter ia for se lec t ion o f 
candida tes . 

• to identify m a i n t e n a n c e n e e d s u n i q u e 
to the myoelec t r ic f i t t ings for chi ldren . 

• to evaluate the funct ional potent ia l of 
myoelec t r ic hands for chi ldren . 

• to develop evalua t ion , f i t t ing and 
t ra in ing t e chn iques appropr ia te for differ
ent age g roups . 

• to evaluate the a t t i tudes o f ch i ldren 
and the i r paren ts toward the myoelec t r ic 
pros thes i s wi th regards to its funct ional 
and cosmet i c po ten t ia l s . 

PROSTHETIC 
COMPONENTS AND 
EQUIPMENT EVALUATED 

At the t ime o f the study, two myoelectrically control led hands were readi ly avail
able in s izes w h i c h w e r e appropr ia te to ou r 
popula t ion ; the O t to B o c k ch i ld s ize h a n d 
and the Sys t emtekn ik h a n d , n u m b e r o n e 
(small) often referred to in the l i terature as 

the " S w e d i s h H a n d . " Bo th w e r e u s e d in 
con junc t ion w i t h the Ot to Bock 6 vol t two 
stage electrode sys tem. A myoelec t r ic h a n d 
and e lect rode set-up a n d the O t t o B o c k 
myotes t e r w i t h dual dials w e r e used for 
e lectrode s ight loca t ions . 

CRITERIA FOR SELECTION 
OF SUBJECTS 

Fol lowing a r ev iew o f cri ter ia e s t ab 
l i shed for adult myoelec t r ic h a n d cand i 
dates , the staff e s tab l i shed the fol lowing 
list of cr i ter ia for se lec t ion o f ch i ld ren to 
par t ic ipate in the study. 

• Ch i ld and fami ly are h igh ly mot iva ted 
to par t ic ipate in the myoelec t r ic h a n d 
study. 

• Ch i ld has a funct ional o r c o s m e t i c 
n e e d that can b e m e t b y the myoelec t r ic 
hand . 

• Ch i ld is o f an appropr ia te s ize for the 
myoelec t r ic hands avai lable . 

• Ch i ld has two su i tab le e lect rode s i tes . 
• Ch i ld has an appropr ia te length re

sidual l i m b . 
• Chi ld has a cons i s t en t wea r ing pat tern 

if current ly wear ing a p ros thes i s . 
• Ch i ld can m a k e the r equ i red v i s i t s for 

t ra in ing and evaluat ion. 
• Ch i ld and family are consc i en t i ous 

abou t ma in t a in ing current p ros thes i s . 



• Ch i ld wil l res t ra in h im/he r se l f w h e n 
act ivi t ies m a y cause damage to the m y o 
electr ic hand . 

• Ch i ld is able to w e a r an in t imate ly 
fi t t ing socket w i thou t a pros the t ic sock . 

• Ch i ld does not ob jec t to hav ing re
str icted range of mo t ion at the e lbow. 

T h e fol lowing opera t ional def in i t ions 
w e r e u sed to apply these cr i ter ia . 

• Approx ima te s ize : sound h a n d is the 
same s ize o r s l ighly larger t han avai lable 
myoelec t r ic hand . 

• Cons i s t en t wea r ing pat tern: wear s 
pros thes i s regularly for cer tain act ivi t ies o r 
per iods o f the day. 

• R e q u i r e d n u m b e r o f v is i t s : regular 
v is i t s to C A P P facility and/or therapy 
t ra in ing facility unti l p ros thes i s is com
pleted and chi ld has ach ieved develop-
menta l ly appropr ia te funct ional use of the 
p ros thes i s . 

• Appropr ia te length residual l i m b : the 
res idual l i m b mus t b e long e n o u g h to ac 
c o m m o d a t e the e lect rode si tes comfor tab ly 
w i th in the socket and short e n o u g h to k e e p 
the overal l length o f the f in i shed p ros thes i s 
n o longe r than is cosmet ica l ly accep tab le to 
the chi ld and family. 

DATA COLLECTION 
Data u sed to comple te th is report w e r e 

col lected us ing a var ie ty o f m e t h o d s . S tan
dards medica l reports provided informa
t ion on individual t rea tment p lans and 
ou t comes . Indiv idual records w e r e kep t b y 
bo th pros the t i s t s and therapis ts to record 
m e t h o d o f approach to t rea tment , hour s o f 
t ra in ing , type of e q u i p m e n t , and t rea tment 
m e d i a used . T h e s e prov ided greater detail 
than the medica l records . Electr ical com
ponen t and p ros thes i s m a i n t e n a n c e rec
ords were kept b y the pros the t i s t s . 

T w o forms w e r e crea ted to ga the r infor
mat ion . T h e occupa t iona l therapis ts de
v i sed the B i m a n u a l Func t iona l Skil ls Eval
uat ion to record funct ional use o f the 
p ros thes i s and de t e rmine preference for 
the type of p ros thes i s u sed in each activity. 
T h i s w a s admin i s t e r ed for b o t h the m y o 
electr ic p ros thes i s and the b o d y - p o w e r e d 
pros thes i s i f o n e w a s worn . T h e social 
worke r cons t ruc ted the "At t i tudes Toward 

C h a n g e in Pros the t ic F i t t i n g " ques t ion 
naire w h i c h was u s e d dur ing an open -
e n d e d s t ructured in t e rv i ew to ga the r in
format ion from b o t h the ch i ldren and/or 
thei r parents abou t a t t i tudes toward the 
p ros thes i s and o ther pe rsons reac t ions 
to it . 

POPULATION 
Four teen subjec t s par t ic ipa ted in this 

study. N i n e w e r e fit w i t h the O t t o B o c k 
h a n d a n d five w i t h the S y s t e m t e k n i k # 1 
h a n d . All o f the par t ic ipants were uni lat
eral congen i ta l u p p e r l i m b ampu tees . Ele
ven chi ldren h a d b e l o w e l b o w def ic ien
c i e s , and three had wr is t d isar t icula t ion 
def ic ienc ies . A g e o f sub jec t s at the t i m e of 
the myoelec t r ic fit t ing r anged from three 
years and three m o n t h s to 17 years o f age . 
T w o o f the par t ic ipants w e r e male and 12 
were female ( F i g . 1 ) . 

P ros the t ic f i t t ings pr ior to the s tudy 
var ied . F ive o f the sub jec t s had worn C A P P 
terminal dev ices . T h r e e w o r e b o d y - p o w 
ered hands a n d three in t e rchanged Dorrance h o o k and b o d y - p o w e r e d h a n d . O n e 
subjec t had w o r n an O C C C swi tch-oper 
ated electr ic h a n d , bu t w a s current ly no t 
wea r ing a l imb , ano the r chi ld wore an o p 
pos i t ion post , and one ch i ld h a d neve r 
b e e n fit w i th a p ros thes i s p r io r to the m y o 
electr ic fi t t ing. M a n y of the ch i ld ren had 
h a d exper ience wi th o the r types o f te rmi
nal devices dur ing the i r earl ier pros the t ic 
p rograms . T w e l v e o f the sub jec t s h a d b e e n 
fit w i th a p ros thes i s before two years 
o f age . 

P r o s t h e t i c w e a r i n g p a t t e r n s v a r i e d 
a m o n g the sub jec t s . O f those wea r ing 
p ros theses , n ine were ful l- t ime weare rs 
and two w o r e thei r l i m b s par t - t ime , pri
mar i ly for school and social occas ions . T h e 
chi ld fit w i th an o p p o s i t i o n post wore it for 
specif ic act ivi t ies only. 

Initially, cr i ter ia e s t ab l i shed for se lec t ing 
subjec t s were r ig idly adhered to. As t ime 
pas sed s o m e excep t ions were m a d e , nota
b ly two famil ies w i th h i g h mot iva t ion , b u t 
a poor h i s to ry o f a t t endance and fol low-up 
were accep ted . T h e s e excep t ions subs tan
t ia ted the val id i ty o f the cr i ter ia as b o t h 
these ch i ldren failed to comple te the s tudy. 



Figure 1 

Subject D a t a — T w o - S t a g e Myoelectr ic H a n d for Chi ldren and Young Adults 



METHOD 
Sub jec t s w h o m the staff felt m igh t mee t 

the cr i ter ia for par t ic ipa t ion in the s tudy 
were asked i f they wou ld like to part ic i
pate . T h o s e w h o accep ted were scheduled 
for an evalua t ion . At the first v is i t the fam
ily w a s g iven an or ien ta t ion to the study. 
Es t ima ted n u m b e r o f v i s i t s to the cen te r 
were g iven , t rea tment t e c h n i q u e s de
s c r i b e d a n d da ta g a t h e r i n g m e t h o d s 
exp la ined . T h e pros the t i s t and occupa
t ional therapis t demons t ra t ed the opera
t ion o f a myoelec t r ic pros thes i s and de
scr ibed its funct ional potent ia l . 

If the ch i ld and h i s parents m e t all cr i ter ia 
and were in te res ted in par t ic ipa t ing , test
ing to locate su i tab le e lec t rode s i tes was 
begun . Fo r ch i ldren ove r s ix , it was usual ly 
poss ib le to f ind s i tes at the first v is i t . 
Y o u n g e r ch i ld ren s o m e t i m e s r e q u i r e d 
more than o n e sess ion to grasp the concept 
o f cont rac t ing a musc le to p roduce an ac 
t ion in the myoe lec t r i c h a n d . 

T h e pros thet i s t scheduled t ime to take a 
nega t ive impres s ion for the ini t ial socket as 
soon as the si tes w e r e wel l -es tab l i shed . 
W h e n cr i ter ia e s t ab l i shed for the def ini t ive 
socket w e r e me t , final fabr icat ion and fit
t ing w e r e comple t ed . Contro ls t ra in ing 
was c o n t i n u e d unt i l the chi ld could opera te 
the h a n d smooth ly and consis tent ly . Th is 
was fol lowed b y use t ra in ing. 

Fo l lowing a t t a inment o f pros the t ic skills 
at a deve lopmenta l ly appropr ia te level , the 
chi ld w a s asked to comple te the Bilateral 
Functional Skills Evaluation. A t the same 
vis i t o r a later o n e , the social worke r inter
v i e w e d the parent (s ) and/or chi ld and 
comple ted the a t t i tude ques t ionna i r e . 

PROSTHETIC FITTING 
TECHNIQUE 
Locating and Developing 
Electrode Sites 

Cri ter ia for the se lec t ion of e lect rode 
si tes w e r e e s t ab l i shed as fol lows: 

• Se lec ted musc les can b e cont rac ted 
voluntar i ly and consis tent ly . 

• Se lec ted musc les are not used to ac
t ively m o v e the e lbow. 

• Elec t rode s i tes fall w i th in the socket 
area a n d wil l no t interfere w i th fit o r com
fort of the socket . 

E q u i p m e n t u sed to locate and deve lop 
e lect rode sites inc luded a myoelec t r ic h a n d 
set-up wi th ba t te ry and e lec t rodes and the 
Ot to B o c k dual dial myotes te r . A n elas t ic 
Velcro® strap to hold e lect rodes in place 
and wa te r to d a m p e n the skin and improve 
contact w e r e s o m e t i m e s u sed (Fig. 2 ) . T h e 
myoelec t r ic h a n d se t -up p roved to b e the 
mos t effective feedback sys tem for re in
forcing appropr ia te musc l e con t rac t ions in 
young chi ldren . T h e Ot to B o c k myotes t e r 
was used for control t ra in ing wi th s o m e 
older sub jec t s and for all sub jec t s to eval
uate the e lect rode s i tes m o r e prec i se ly b e 
fore the actual cast o f the l i m b was taken. 

The pros thet i s t and therapis t worked to
ge ther to locate e lec t rode s i tes . Dur ing the 
ini t ia l si te locat ion sess ion , the e lec t rode 
ga ins were set at f ive o r s ix . T h i s a l lowed 
the myoelec t r ic h a n d to r e spond qu ick ly to 
a m i n i m a l cont rac t ion w h i c h improved 
f e e d b a c k . M u s c l e c o n t r a c t i o n s in the 
ch i ld ' s res idual l i m b w e r e e l ic i ted b y first 
ask ing the chi ld to wigg le any residual 
n u b b i n s or d imples w h i l e the t ra iner pal
pated to locate the be l ly of the musc le b e i n g 
used . T h i s usual ly t r iggered a f lexor musc le 
on the media l s ide o f the res idual l i m b . T h e 
appropr ia te e lect rode was then p laced on 
the be l ly o f the s t ronges t musc le w i th the 
e lect rodes in l ine wi th the musc le f ibers . 
S ince it was usual ly a flexor, the c los ing 
e lect rode w a s used . T h e t ra iner o p e n e d the 
hand b y touch ing the open e lect rode and 
encourag ing the chi ld to " w i g g l e h is nub 
b i n " and contract the musc l e w h i c h c losed 
the h a n d (Fig. 3 ) . In th is m a n n e r the chi ld 
mas te red o n e control at a t ime and w a s less 
confused . O n c e a cons i s t en t s ignal could 
b e genera ted , as demons t ra ted b y repea ted 
control led opera t ion o f h a n d c los ing, a sec 
ond control s i te w a s located . To el ici t an 
ex tensor musc le cont rac t ion in the res idual 
l i m b , it was usual ly m o s t effective to ask 
the chi ld to forcibly ex t end the wr is t and 
f ingers o f the sound h a n d . T h i s p roduced a 
sympathe t i c r e sponse in the ex tensor m u s 
cles o f the res idual l i m b and usual ly s t im
ulated a weak contracture w h i c h could b e 
palpated o n the lateral surface o f the l i m b 



Fig. 2. A myoelectric hand and electrodes were used to locate electrode sites. 

Fig. 3. The trainer encourages the child to "wiggle the 
nubbin" on her residual limb to stimulate a contrac
tion. 

(Fig. 4 ) . T h e o p e n i n g electrode w a s then 
p laced over this musc le and the procedure 
for opera t ing the h a n d reversed . T h e chi ld 
was asked to open the hand b y ex tend ing 
the sound wris t and t igh ten ing the musc le 
in the res idual l i m b . T h e t ra iner c losed the 
h a n d b y touch ing the o ther e lect rode. F i 
nally both e lec t rodes were held o n the re
s idual l imb and the ch i ld was asked to open 
and c lose the h a n d (Fig. 5 ) . 

Usual ly it w a s poss ib le to genera te at 
least m i n i m a l s ignals from two appropr ia te 
musc les at the first vis i t . W h e n two s i tes 
were es tab l i shed the myotes t e r w a s u sed to 
evaluate the ch i ld ' s abi l i ty to genera te and 
separate the myos igna l s . If o n e musc le w a s 
obv ious ly s t ronger than the o the r or they 
had difficulty separa t ing s ignals , the ga ins 
on the e lect rodes were adjusted to improve 
the s i tua t ion. W h e n successful o p e n i n g 
and c los ing o f the h a n d was accompl i shed , 
the e lect rode sites were re-evaluated b y the 
pros thet i s t to assure they could b e incorpo
rated into the socket . If e i ther o f the s i tes 
was not su i tab le , the t ra iner m o v e d one 
e lect rode at a t ime toward a more sui table 
si te keep ing the contac ts in l ine wi th the 
musc le f ibers and re- tes t ing unt i l o p t i m u m 
si tes for funct ion and comfort w i t h i n the 

socket area w e r e located. If musc le con
tract ions were w e a k or erra t ic , further 
t ra in ing w a s carr ied out before final s i tes 
were se lected. 



Fig. 4. Asking the child to extend the wrist of her 
sound arm often produces sympathetic extensor con
traction in the residual limb. 

Fig. 5. After locating the flexor and extensor sites, 
both electrodes were used at the same time. 

Fig. 6. Encouraging the child to manipulate toys with 
the powered hand provides motivation and reduces 
anxiety. 

Addi t iona l t ra in ing for those chi ldren 
who could no t genera te adequa te s ignals at 
the first vis i t cons i s t ed o f us ing the tech
n iques desc r ibed above to s t rengthen the 
muscles and improve voluntary control 
and separat ion of s igna ls . T h i s w a s done 
b y ho ld ing the e lec t rodes in place wi th an 
elas t ic Velcro® strap and hav ing the ch i ld 
pract ice o p e n i n g and/or c los ing the h a n d . 
T h e addi t ion of toys requ i r ing t w o - h a n d e d 
manipu la t ion at th is t ime as wel l as dur ing 
the ini t ia l evaluat ion p rov ided mot iva t ion 
and reduced anxie ty (F ig . 6 ) . 

NEGATIVE IMPRESSION 
PROCEDURE 

O n c e adequa te musc le s i tes w e r e lo 
ca ted , a 2-s tage nega t ive impres s ion w a s 
taken of the pa t ien t ' s res idual l i m b . T h e 
first s tage cons i s t ed o f a plaster spl in t en
circ l ing the p rox imal b r i m and cubi ta l fold 
areas . A str ing w a s t i ed securely a round 
the apices o f the ep icondy les (Fig. 7 ) , o le 
cranon, and through the cubi ta l fold, a n d 
the l i m b w a s pass ive ly m o v e d into full 
e l b o w flexion b y the pros the t i s t and held 
unti l thoroughly dr ied (Fig. 8 ) . Th i s s l ight 



Fig. 7. The string casting was used for the negative 
impression. 

Fig. 8. The elbow is held in full flexion until the 
plaster is set. 

Fig. 9. The elbow is extended and the remaining tis
sue of the residual limb is cast. 

var ia t ion o f the G e r m a n cas t ing t echn ique 
taught b y Ot to B o c k is essen t ia l for inde
penden t s u s p e n s i o n o f the p ros thes i s due 
to the lack of deve loped humera l condyles 
in the chi ldren fi t ted. T h e s econd s tage o f 
the impress ion was comple ted wi th the 
arm ex tended incorpora t ing the r e m a i n i n g 
port ion of the residual l imb in plaster ban
dage (Fig. 9 ) . T h i s two-s tage t e c h n i q u e al
lows for full d i sp lacement of the cubi ta l 
fold t i ssue w i t h m a x i m i z e d e l b o w range o f 
mot ion wi thou t reducing the total suspen
s ion of the pros thes i s . The dr ied cast w a s 
r emoved and a hole placed distally so the 
cas t could be u s e d as a check socket . B y 
pull ing the residual l imb back into the cast , 
range of mo t ion as wel l as suspens ion can 
b e ini t ia l ly evaluated b y the pros thet i s t . 

Modification of the Positive Model 
Var ia t ions in modif ica t ion t echn iques 

pr imar i ly focused on the proximal b r i m 
area in order to ach ieve adequa te indepen
dent suspens ion o f the p ros thes i s . Because 
of the lack o f well deve loped condy les and 
the a m o u n t of soft t i ssue coverage in chi l 
dren, suspens ion o f the socket w a s bes t 
ach ieved b y cupp ing the socket in t ightly 
over the supre-olecranon area against the 



triceps tendon wi th the counter pressure 
rected from the cubi ta l fold area w h i c h cor
responds to the string p lacement from the 
cast (Fig. 10 ) . 

W i t h the appropr ia te a m o u n t o f t ens ion 
created, the suspens ion o f the socket is 
adequa te as wel l as comfor table for the pa
t ient . R e m a i n i n g cast modi f ica t ions were 
comple ted in the usual m a n n e r for m y o 
electric f i t t ing—for example , distal bui ld
up for pull tube c learance and a s l ight flat
ten ing of the mode l over the e s t ab l i shed 
e lect rode p l acemen t s i tes . 

The Definitive Socket 
Flexible po lyes te r res in was the pr imary 

cho ice of mater ia ls for socket fabr ica t ion. 
Th i s p roved to be adequa te except for three 
cases in w h i c h allergic type skin reac t ions 
from the socket were obse rved . In these 
cases a h igh ly inert thermoplas t ic was sub
st i tuted ( i . e . , po lypropylene or Surlyn®) 
and skin react ion d i m i n i s h e d w i th in 24 
hours . 

O n c e the plast ic socket was fabr ica ted a 
fi t t ing took place wh ich a l lowed the pros
thet is t to evaluate: 

• Socke t fit. 
• I ndependen t su spens ion of socket . 
• Elec t rode p lacement contact agains t 

skin. 
• T h e chi ld ' s abi l i ty to opera te the m y o 

electr ic controls . 
U p o n sat isfactory accompl i shmen t of 

these ob jec t ives the fabr ica t ion o f the 

p ros thes i s w a s comple ted us ing the stan
dard t e c h n i q u e as r e c o m m e n d e d b y Ot to 
B o c k . T h e only excep t ion to this p rocedure 
is wi th the use of S w e d i s h s ize # 1 myo
electr ic sys tem. W i t h th is sys tem the inter
changeab le ba t te ry w a s u sed in con junc 
t ion wi th the Ot to Bock clip receptacle 
( 1 3 E 5 2 = 2 ) and the ba t te ry connec t i on cable 
was replaced b y # 3 3 A W G - 2 conduc to r re
tractile m i c r o p h o n e cable (Fig. 11 ) . T h e clip 
receptacle w a s a t tached to an elast ic strap 
or po lye thylene cuff and secured around 
the upper arm wi th the bat tery located 
poster iorly. T h e cable passed into the 
pos ter ior proximal forearm and the te rmi
nal e n d connec t ed to the S w e d i s h h a n d 
connec to r . O n c e the cable w a s fed into the 
forearm of the pros thes i s it w a s secured 
pe rmanen t ly in order to p reven t any un
wan ted remova l . T h i s u se of a smal l retrac
tile cable in con junc t ion wi th the cl ip re
ceptacle p rov ided us w i th a rel iable electr ic 
connec t ion to the external ly p laced ba t te ry 
w h i c h r e m a i n e d intact th roughout the 
young chi ld ' s dai ly phys ica l d e m a n d s on 
the pros thes is (Fig. 12 ) . 

TRAINING METHODS 
Control Training 

Contro ls t ra in ing refers to that part of the 
t ra in ing process w h e n the chi ld is learn ing 
to operate the p ros thes i s , bu t does not ye t 
have e n o u g h skill to incorporate it in to 
functional ac t iv i t ies . In the early s tages of 

Fig. 10. Prosthetic suspension is enhanced by under
cutting in the cubital fold and supra-olecranous 
areas. 

Fig. 11. When the Swedish hand was used, the Bock 
clip receptacle was used to hold the battery, and a 
retractile microphone cable replaced the battery con
nection cable. The battery is secured over the triceps. 



Fig. 12. The battery location for the Swedish hand 
provides a reliable connection for children. 

Fig. 13. Control training is undertaken before the 
prosthesis is completed. 

our s tudy mos t chi ldren were seen a 
n u m b e r of t imes for controls t ra in ing after 
e lec t rode s i tes w e r e ident i f ied and before 
the pros thes i s was comple ted . T h e socket 
w i th the e lect rodes in place a n d h a n d at
tached w a s used for t ra in ing before the 
p ros thes i s w a s a s s e m b l e d (Fig. 1 3 ) . As the 
staff b e c a m e famil iar wi th the p rocedure , it 
b e c a m e ev iden t that once e lec t rode si tes 
w h i c h m e t our cr i ter ia w e r e e s t ab l i shed , 
further t ra in ing d id not lead to develop
ing be t te r s i tes . Therefore , fabr icat ion of 
the pros thes i s could b e g i n immedia te ly . 
Fur ther controls t ra in ing was carr ied out in 
a m a n n e r that fit the needs of the family. 
Chi ld ren w h o traveled great d is tances and 
had a l imi ted t ime for t ra in ing w e r e usual ly 
seen dai ly and controls t ra in ing w a s b e g u n 
before the f in ished pros thes is w a s avail
ab le . U s i n g the e lec t rode-hand set up and 
Velcro® strap to hold the e lectrodes in place 
or the socket and electrodes i f they were 
avai lable , the ch i ld was encouraged to 
place objec ts in the h a n d w h i l e opera t ing 

the controls a n d to comple te s imp le tasks 
such as th read ing b e a d s or a s semb l ing 
nes t ed toys . It w a s impor tan t to select ac
t ivi t ies that did no t requi re act ive pos i 
t ion ing of the h a n d as it h a d to b e u sed 
wh i l e ly ing on the table in the sup ina ted 
pos i t ion . W h e n chi ldren l ived in the v ic in 
ity of CAPP, week ly v is i t s were in i t ia l ly 
scheduled for controls t ra in ing us ing this 
m e t h o d dur ing the per iod of fabr ica t ion . 
Howeve r , as the s tudy progressed it b e 
came ev iden t that controls t ra in ing could 
b e comple ted in the p ros thes i s and the 
variety of act ivi t ies avai lable to the ch i ld 
were far greater and more mot iva t ing than 
those that could b e used w h e n w o r k i n g 
wi th the incomple te set -up. A l though 
chi ldren w h o h a d controls t ra in ing dai ly 
learned to opera te the hand more prec ise ly 
in the b e g i n n i n g , the i r f inal funct ional use 
pat terns did not appear to vary from those 
o f chi ldren w h o rece ived controls t ra in ing 
in the comple ted pros thes i s on a l ess fre
q u e n t ba s i s . 



Use Training 
Fol lowing fitt ing o f the p ros thes i s , use 

t ra ining w a s carr ied out in much the same 
m a n n e r as for a ch i ld rece iv ing a b o d y -
p o w e r e d pros thes i s w i th an unfami l ia r 
te rmina l dev ice . Ins t ruc t ions in d o n n i n g 
and r emoving the pros thes i s and care and 
m a i n t e n a n c e w e r e p rov ided for the paren ts 
and chi ldren b y the therapis t and pros
thet is t at the t ime of del ivery of the l i m b . 
Pul l ing in to the socket w i th a pull sock w a s 
ve ry impor tan t , especia l ly for the chi ld 
w i th a short b e l o w e l b o w def ic iency, as it 
was the only way to assure that the e lec
trodes and electrode s i tes l ined up appro
priately and p rov ided cons i s t en t feedback . 

Ch i ld ren w h o h a d h a d prev ious ex
pe r i ence w i t h b o d y - p o w e r e d p ros theses 
needed encou ragemen t to try tasks re
qu i r ing firm grip and ac t ive use o f the h a n d 
above shou lder level to b reak up old pat
terns e s t ab l i shed to mee t the l imi ta t ions of 
the b o d y - p o w e r e d l i m b (Fig. 14 and 15) . 
Work ing away from the b o d y and wi thou t 
the suppor t o f a table w a s impor tan t for the 
young chi ld or those wi th a very short re
s idual l i m b to deve lop to lerance to the 
added w e i g h t o f the myoelec t r ic pros the
s i s . I f the chi ld w a s no t a ccus tomed to a 
hand type te rmina l dev ice , ex p e r imen t in g 

wi th placing objec ts of different shapes 
and s izes in the h a n d was e m p h a s i z e d . In 
genera l , t ra inig tasks w e r e selected that 
were appropr ia te to the deve lopmenta l 
level and the in teres t o f the specif ic ch i ld . 
E m p h a s i s was p laced on act ivi t ies w h i c h 

Fig. 15. Using the prosthesis above the shoulder level 
is a new experience for children accustomed to body 
powered prostheses. 

Fig. 14. Children who were accustomed to connectional body powered prostheses needed train
ing to use the prosthesis away from the body and to support the added weight of the powered 
prosthesis. 



r equ i red a w i d e var ie ty o f grasp pat terns 
and w o r k i n g at var ied he igh t s and in dif
ferent pos i t i ons . 

Al though no chi ldren were sent to local 
faci l i t ies for cont ro ls t ra in ing b e c a u s e o f 
the r equ i r emen t s o f the study, those chi l 
dren w h o had occupa t iona l therapy avail
able in the i r h o m e c o m m u n i t i e s w e r e en
couraged to rece ive use and skil ls t ra in ing 
in these faci l i t ies . It was found that thera
pis ts famil iar w i t h work ing wi th l i m b defi
c ient ch i ld ren readi ly adapted the i r pro
grams to working wi th the child wi th a myo
electr ic h a n d . "The c o m m u n i t y therapis t s 
were inv i t ed to a t tend a sess ion at C A P P at 
w h i c h t i m e they rece ived an o r ien ta t ion to 
the myoelec t r ic h a n d , ins t ruc t ions in care 
and m a i n t e n a n c e o f the myoe lec t r i c pros
thes i s and were famil iar ized w i t h the 
funct ional potent ia l o f the hand . 

RESULTS 
Prosthetic Maintenance Needs 
Unique to Myoelectric Prostheses 

Data gathered on care required to main
tain a well fit t ing and funct ioning prosthe
sis focused on three aspects o f t reatment. 
T h e y were average life expectancy of the 
socket , componen t failures, and main te 
nance o f the electrical parts o f the pros
thes is . 

T h e average life o f the socket was o f par
ticular interest because o f the more intricate 
type o f fitting requi red for the myoelectr ic 
pros thes is . Previous reports from England 
o f myoelec t r ic f i t t ings for ch i ld ren sug
ges ted refi t t ing at six m o n t h in tervals in 
order to main ta in proper fit o f the pros
thes is . 

All o f our subjects w e r e fit us ing the vari
at ions o f s tandard t echn iques as previously 
descr ibed. Eight o f the pat ients have re
qu i red at least one addit ional fit t ing s ince 
the beg inn ing o f the study. W e have in
cluded these addit ional fittings in our report 
to give a more rel iable figure. Based on a 
total o f 22 fitt ings, the average socket life 
was found to b e 15 .4 mon ths , the median 
was 14 months . Recogniz ing that potent ial 
and actual l imb growth varies significantly 
a m o n g individuals it is interest ing to note 

that the longest socket life was 30 m o n t h s o n 
a subject wi th a very short b e l o w e lbow 
l imb deficiency and the shortest was 8 
mon ths fit on a female wi th a wris t disar
ticulation l i m b deficiency. 

The re were few main tenance p rob lems 
due to componen t failure dur ing the study, 
and only two related to abuse or mi suse of 
the pros thes is . In o n e case a child exposed 
her pros thes is to salt water whi le at the 
beach and the hand was destroyed. A sec
ond incident of abuse occurred w h e n a chi ld 
broke out the wris t uni t and bat tery case of 
her pros thes is b y us ing her pros thes is to 
serve a volley ball . The re were two cases o f 
componen t failure not related to abuse . O n e 
electrode and one cable proved faulty. 

It should b e noted that the cri ter ia for 
select ion o f candidates related to previous 
main tenance his tory on pros theses , and 
wi l l ingness to restrict use o f the l imb in 
activit ies wh ich m a y b e injur ious to it, au
tomat ica l ly b iases the sample away from the 
heavy duty pros thes is user . O n l y o n e young 
man part icipated in the s tudy and o f the 
e ight rejected four w e r e males . Interest in 
cosmet ic aspects of the myoelectr ic fitting 
were also h ighe r for females and also influ
enced the sample . 

T h e connec t ion o f the clip receptacle wire 
in the fi t t ings requir ing an external bat tery 
was the major repair problem. W e used a 
var ie ty of types of w i r e to connect the clip 
receptacle to the electric hand , all o f wh ich 
failed at s o m e point dur ing the fitting. O n c e 
the retractable cable was used, a cons i s 
tently rel iable electric connec t ion could b e 
main ta ined . Subsequen t ly all o f the clip re
ceptacle wires have been replaced b y the 
retractable cable and w e have had no fail
ures to date. 

A second p rob lem developed related to 
battery use and charging requ i rements . O u r 
init ial instruct ions to the pat ients and 
families were to charge bat ter ies after each 
use . After a per iod o f t ime pat ients began to 
exper ience a shorter use per iod from each 
battery. O u r concern led us to b e c o m e be t te r 
in formed o n the p roper use of nickle-cadmium bat te r ies r equ i r ing us to al ter our 
ins t ruc t ions for p roper u s e . Pa t i en t s o r 
parents were then instructed to fully drain 
ba t te r ies before cha rg ing due to the inhe r -



en t " m e m o r y " proper t ies of the recharge
able bat tery. T h e s e n e w ins t ruc t ions as 
wel l as r e c o m m e n d i n g annua l r ep lacement 
o f the ba t te r ies have great ly i m p r o v e d the 
re l iabi l i ty of this par t icular c o m p o n e n t . 

Functional Skill Levels 
Data o n funct ional use o f the myoelec t r ic 

p ros thes i s w e r e ga thered b y obse rva t ion of 
the ch i ldren whi le they comple ted the Bi
manual Functional Skills Evaluation. N i n e 
teen tasks w h i c h r equ i red b i m a n u a l ma
nipula t ion o f ob jec ts w e r e inc luded in the 
evaluat ion. Typica l i t ems w e r e shoe ty ing , 
h a m m e r i n g nai l s , a n d j u m p i n g rope . S o m e 
of the i t ems , such as cut t ing m e a t , were 
above age level for the y o u n g e r chi ldren . 
All subjec ts w e r e ab le to accompl i sh all 
age-appropr ia te tasks p re sen ted w i t h the 
the i r myoelec t r ic and the i r b o d y - p o w e r e d 
p ros thes i s w h e n one w a s avai lable . 

U p o n comple t ion of the eva lua t ion they 
were asked h o w t h e y preferred to ac
compl i sh each o f the 19 tasks . T h e over
w h e l m i n g preference was for u se o f the 
myoelec t r ic p ros thes i s . O u t o f a total o f 209 
r e sponses to 19 different tasks , preference 
for the myoelec t r ic pros thes i s w a s indi 
ca ted 112 t imes . T h e b o d y - p o w e r e d pros
thes is and the myoelec t r ic o n e were rated 
equal ly funct ional for comple t ing tasks 66 
t imes , and the b o d y - p o w e r e d pros thes i s 
was ind ica ted as preferable only five t imes . 
T h e sub jec t s ind ica ted a preference for ac 
c o m p l i s h i n g a task wi thou t us ing a pros
thes is only six t imes out of the poss ib l e 209 
responses . 

Graceful arm m o v e m e n t and ease o f op 
era t ion of the myoelec t r ic p ros thes i s as 
wel l as the added advantage o f the s t ronger 
grip p rov ided b y the h a n d was obse rved in 
chi ldren us ing the myoelec t r ic hand . The 
skillful use o f " b o d y e n g l i s h " and al ternate 
grasp pat terns such as ho ld ing ob jec t s 
agains t the ches t rather than in the te rminal 
device m a d e it pos s ib l e for the ch i ldren to 
comple te the tasks requ i r ing p o w e r grip 
wi th the b o d y - p o w e r e d l imb . Al though 
funct ional levels were not r emarkab ly dif
ferent , the es the t ic and energy saving fea
tures of the myoelec t r ic l imb w e r e defi
n i te ly obse rvab le . 

Attitudes Toward Myoelectric 
Prostheses 

Twelve chi ldren and /or their paren ts 
were in t e rv i ewed b y the social w o r k e r w h o 
comple ted the "At t i tudes Toward C h a n g e 
In Pros the t ic F i t t i n g " ques t ionna i r e . T h e 
in t e rv i ew took place after the chi ld h a d b e 
c o m e reasonab ly prof ic ient in opera t ing 
the myoelec t r ic l imb . T h e major reasons 
g iven for wan t ing to try the myoelec t r ic 
h a n d w e r e cosmes i s (40 percen t ) and free
dom from the res t r ic t ions of a ha rness (40 
percen t ) . Cur ios i ty in n e w advances o r 
bet ter funct ion accounted for the r ema in 
ing 20 percen t . S ix ty pe rcen t of the respon
dents felt the myoelec t r ic p ros thes i s me t 
the i r or ig inal expec ta t ions . Reasons mos t 
often g iven for the pros thes i s no t mee t ing 
expec ta t ions inc luded d i s appo in tmen t in 
cosmes i s and funct ion. 

T h e major advantages o f the myoelec t r ic 
h a n d w e r e ident i f ied as s t ronger g r ipp ing 
power , w h i c h improved funct ion; be t t e r 
cosmes i s ; and improved comfort and con 
v e n i e n c e because o f the e l imina t ion of the 
ha rness . Major d i sadvantages ident i f ied 
were lack o f durabi l i ty o f the g love , fear of 
in jur ing the m e c h a n i s m of the h a n d , 
p r o b l e m s wi th ba t t e r i e s and , for the 
younge r chi ldren, the added we igh t of the 
hand . Bo th parents and chi ldren were 
asked to identify the major p rob lems wi th 
the myoelec t r ic p ros thes i s . Hea t and sk in 
reac t ions to wea r ing the p ros thes i s w i th 
out a sock was c i ted mos t often, added 
we igh t and mechan ica l b r e a k d o w n s w e r e 
each ci ted three t imes . Four ch i ldren could 
not th ink o f a major p rob lem al though the i r 
parents l is ted s o m e of the above . 

Wear ing pat terns were r e v i e w e d fol
lowing the expe r i ence w i t h the myoelec t r ic 
f i t t ing. Eleven chi ldren con t inued to wea r 
thei r myoelec t r ic l imbs exc lus ive ly or in 
c o m b i n a t i o n wi th the i r b o d y - p o w e r e d 
l imbs . O n e chi ld has rever ted to full- t ime 
wear ing of her body -powered pros thes i s 
due to f inancial ha rdsh ip ( they m o v e d out 
of the Var ie ty C lub area) . 

O f those wear ing myoelec t r ic l i m b s , 
e ight w e a r them exclus ively and three in 
c o m b i n a t i o n wi th the i r body -powered 
l i m b . T h r e e chi ldren h a v e inc reased their 



wear ing t ime , two sl ightly reduced it and 
five have m a i n t a i n e d the same wea r ing 
pat tern. All ch i ldren c o m b i n i n g wea r o f 
bo th p ros theses have ma in t a ined the same 
wear ing pat tern as before myoelec t r ic fit
t ing. T h e chi ld w h o h a d not b e e n fit before 
the s tudy ma in t a in s a par t - t ime wear ing 
pattern. 

T h e chi ldren a n d the i r parents were each 
asked wh ich l i m b they would choose i f 
they had to make a cho i ce . T h e response 
was in favor of the myoelec t r ic fi t t ing (66 
percen t ) . R e a s o n s g iven b y the chi ldren 
and thei r parents for choos ing to wea r the 
myoelect r ic l i m b were " I love i t , " " i t feels 
m o r e na tura l , " " m y arms are f reer , " " i t ' s 
eas ie r to ope ra t e , " and " m o r e c o s m e t i c . " 
R e a s o n s for choos ing the b o d y - p o w e r e d 
pros thes i s were durabi l i ty and cost factors. 

W h e n asked h o w fr iends reacted to the 
myoelec t r ic h a n d the response w a s un iver 
sally pos i t ive from bo th parents and chi l 
dren. Ini t ial cur iosi ty wi th the h a n d w a s 
c i ted often, bu t no nega t ive r e sponses w e r e 
e l ic i ted . 

SUMMARY AND 
RECOMMENDATIONS 

R e v i e w of the cr i ter ia e s t ab l i shed for the 
se lec t ion of sub jec t s for the s tudy subs tan
t iated thei r validity. In all, 22 chi ldren were 
cons ide red for the study. E igh t were re
j ec t ed ; three because the i r res idual l imbs 
were too short to al low comfor table p lace
men t of the e lectrodes wi th in the conf ines 
o f a self su spend ing socket , two b e c a u s e 
they were not deve lopmenta l ly ready to 
focus on learn ing to opera te the m y o e l e c 
tric hand , and two b e c a u s e r equ i red 
m a i n t e n a n c e on the i r current p ros theses 
due to hard wea r ind ica ted that the m y o 
electric h a n d wou ld no t hold up unde r 
thei r use pattern. O n e was re jec ted for a 
his tory of p o o r fol low-up and m a i n t e n a n c e 
of the b o d y - p o w e r e d pros thes i s . T w o 
others w i t h poor fol low-up h is tor ies were 
fit and failed to comple te the s tudy and are 
current ly no t wear ing any pros thes i s . O f 
the twelve w h o comple ted the s tudy, all 
me t each o f the cr i ter ia . S i n c e the s tudy w a s 
comple ted , an addi t ional ten subjec ts have 

been se lec ted and fi t ted us ing the or ig ina l 
cri ter ia . All are current ly wea r ing thei r 
p ros theses cons is ten t ly . 

T h e results of our analysis o f ma in te 
nance needs on myoelec t r ic p ros theses 
have a l lowed us to predic t socket life ex
pec tancy more accurately, r educed our 
m a i n t e n a n c e p rocedures , and improved 
our ins t ruc t ions for paren ts and therapis ts . 
The myoelec t r ic f i t t ings h a v e r equ i red the 
s a m e or f ewer v is i t s to the pros the t i s t for 
genera l m a i n t e n a n c e as c o m p a r e d to tradi
t iona l b o d y - p o w e r e d f i t t ings . H a r n e s s 
ad jus tments and cab le b reakage are no 
longer necessa ry and the life o f c o s m e t i c 
gloves is s imi la r to that of those worn on 
b o d y - p o w e r e d hands in spi te o f greater 
use o f the device for p rehens i l e skil ls . 

T h e funct ional potent ia l of the myoe lec 
tric h a n d as measu red b y the Bilateral 
Functional Skills Evaluation p roved equa l o r 
super ior to the b o d y - p o w e r e d pros thes i s 
worn b y those chi ldren w h o w e r e previ 
ously fit. In n o case d id a chi ld b e c o m e 
dependen t in an act ivi ty prev ious ly per
formed independent ly . Tasks w h i c h were 
more eas i ly comple ted wi th the myoe lec 
tric hand w e r e those w h i c h requ i red p o w e r 
grip and work ing in pos i t ions above 
shoulder level , or wi th the h u m e r u s e x 
tended . F i t t ing o f a b o d y - p o w e r e d pros
thes is as wel l as a myoelec t r ic p ros thes i s 
was necessa ry for those chi ldren w h o were 
full-time wearers a n d par t ic ipa ted in ac
t ivi t ies that m igh t b e injur ious to the 
m e c h a n i s m or glove of the myoelec t r ic 
hand . 

T h e evalua t ion , f i t t ing, and t ra in ing 
t e chn iques deve loped and ref ined dur ing 
this s tudy have b e c o m e s tandard proce
dures for fit t ing of myoelec t r ic l i m b s at 
CAPP. Var ia t ions in the nega t ive impres 
s ion procedure deve loped for congeni ta l 
amputees have made it poss ib le to fit 
shor ter residual l i m b s than were previ
ously expec ted . T e c h n i q u e s for use t rain
ing deve loped for this s tudy are eas i ly 
taught to therapis ts and allow m o s t chi l
dren to rece ive the major i ty of the i r train
ing in thei r o w n c o m m u n i t y . 

T h e s tudy of at t i tudes toward the m y o 
electric h a n d revealed that it is wel l ac 
cep ted by the chi ldren and the i r fami l ies as 



subs tan t ia ted b y the wea r ing and use pat
terns of the sub jec t s as well as their per
sonal preferences for the myoelec t r ic h a n d . 
Repea t ed s ta tements that the myoelec t r ic 
p ros thes i s feels more natural and al lows 
more f reedom o f m o v e m e n t ind ica te that , 
to the chi ldren , the fi t t ing appears c loser to 
a natural l i m b than previous f i t t ings. 

Th i s s tudy has successfully e s t ab l i shed 
the feas ib i l i ty and funct ional benef i t s of 
fit t ing chi ldren wi th myoelec t r ic hands . 
The f indings also dispel l any conce rn that 
chi ldren wi th congen i ta l l i m b def ic ienc ies 
migh t be u n a b l e to mas ter coord ina ted use 
of myoelec t r ic control sys tems . T h e data 
mos t surpr i s ing to the staff w a s the 15.4 
m o n t h average socket l ife, w h i c h far ex
ceeded p rev ious repor ts . T h e re l iabi l i ty 
and durabi l i ty of the c o m p o n e n t s , e spe
cially the hands , w e r e also a b o v e expec ta 
t ion, cons ide r ing the u n i q u e d e m a n d s 
p laced on them b y ch i ldren . A l though con
s iderable amoun t s of sand were pou red out 
o f a n u m b e r o f S w e d i s h h an d s n o n e failed 
to funct ion wel l dur ing the study. T h e dis
covery of the retractible cable was a turning 
po in t for b o t h sub jec t s and pros the t i s t s . It 

so lved the major b r e a k d o w n p rob lem 
w h i c h had requ i red extra tr ips to the 
prosthetic facility for the parents and re
duced wea r ing t ime for the chi ldren . At
t i tudes toward the pros thes i s improved 
cons ide rab ly on all coun ts w h e n this p ro
b l e m was e l imina t ed . 

Unfor tunate ly , ch i ld ren w i t h h igh level 
and/or bi la teral uppe r l i m b def ic ienc ies , 
w h o are mos t in n e e d of the potent ia l ad
van tages o f myoelec t r ic controls , w e r e no t 
se rved b y th is s tudy. It is h o p e d that future 
research can bu i ld on the knowledge 
ga ined from myoelec t r ic f i t t ings a n d lead 
to deve lopment o f m o r e funct ional p ros 
theses for this g roup o f chi ldren . 
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