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INTRODUCTION 
H e m i p l e g i a , resul t ing from s t roke , h e a d 

t rauma o r cerebra l palsy, cons t i tu tes the 
l ead ing cause o f ch ron ic d i sab i l i ty and fi
nanc ia l ha rdsh ip in t he U n i t e d Sta tes . O v e r 
5 0 0 , 0 0 0 n e w cases o f s troke are repor ted 
each year , and at least one- th i rd of these 
pa t ien t s are w a g e earners . Effect ive re
hab i l i t a t ion o f m o t o r defici ts related to 
b ra in insul t s is obv ious ly an impor tan t 
p r o b l e m facing hea l th profess ionals . 

A m b u l a t i o n i n h e m i p l e g i a usual ly de
p e n d s o n s tab i l i ty o f the foot a n d ankle . In 
th is respec t , the or thot ic con t r ibu t ion o f 
res tor ing m o b i l i t y in h e m i p l e g i c pa t ien t s 
is a m o s t s igni f icant o n e . T h e ankle-foot 
orthosis (AFO) stabilizes the weight-bear
i ng part of the lower l i m b a n d m a k e s am
bu la t ion pos s ib l e , in u p to th ree ou t of four 
pa t ien ts . 

In s tark cont ras t , on ly o n e out o f f ive 
h e m i p l e g i c pa t ien ts e n d s u p hav ing a n y 
use o f the uppe r l i m b , f requent ly b e c a u s e 
o f loss o f shou lder funct ion. T h e funct ion 
o f t he shou lder jo in t is to p rec i se ly pos i t ion 
the a rm in space in o rder to al low self-care 
and man ipu l a t i on o f the e n v i r o n m e n t b y 
the forearm a n d h a n d . 1 W h e n shou lde r 
sub luxa t ion , p resen t i n m o r e than o n e -
thi rd o f hemip l eg i c pa t i en t s , compl ica tes 
the cour se , t he recovery rate drops to ze ro 
as a rule . 

HEMIPLEGIC SHOULDER 
SUBLUXATION 

T h e sub luxa t ion o f the shou lder in 
h e m i p l e g i a is due to a decrease o f cerebra l 
control ove r the pa t te rned and coord ina ted 
in terac t ion o f musc le s control l ing the p o 
s i t ion a n d m o v e m e n t o f the scapula and 
h u m e r u s , w i th the resul t that spas t ic m u s 
cles tilt the scapula laterally and pare t ic 
musc le s con t r ibu te to unsea t ing o f t he hu 
meral head from the g l eno id fossa . Pa in 
and reflexive spread o f spas t ic i ty invar i 
ab ly result from a t t empted m o v e m e n t , a n d 
the recovery of shou lder funct ion lags b e 
h i n d that o f the e l b o w and w r i s t . 2 

Conven t iona l the rapy is usual ly o f little 
u se . M o s t pa t ien t s , therefore , are adv ised 
to w e a r a shou lde r s l ing , w h i c h , in fact, 
does no t reduce t he sub luxa t ion n o r re l ieve 
p a i n and , i f any th ing , perpe tua tes the 
l i m b ' s pa thologica l syne rgy p o s i t i o n . 3 

T h e F u n c t i o n a l S h o u l d e r O r t h o s i s 
( F S O ) , + de sc r ibed in th is art icle is a prod
uct o f years of c l in ica l and or thot ic re
search . In radical cont ras t to ava i lab le al
te rna t ives , the F S O reduces shou lder s u b 
luxation, el iminates pain, prevents spread
ing o f spast ici ty, p laces the a rm in a p h y -
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s iological pos i t ion o f funct ion (abduc t ion , 
f lexion, and external ro ta t ion) , and al lows 
f reedom of mo t ion of forearm, wr is t , and 
hand , w i th an oppor tun i ty for the i r re
t ra in ing . 

FUNCTIONAL SHOULDER 
ORTHOSIS 

The F S O is m a d e of modula r par ts , 
w h i c h interact dynamica l ly w i t h each 
o ther . 

A s ta in less steel ba l l -and-socket j o in t 
(not un l ike the g lenohumera l j o in t ) is ex
ternally in te rposed b e t w e e n the ches t and 
arm and is a t tached to the torso b y a c o m 
fortable and s turdy foundat ion of pe lv ic 
and thorac ic b a n d s a n d u p r i g h t s . A 
grooved s teel rod threads into the bal l and 
is s imi la r in its role to that o f the humera l 
shaft in m a n . T h e bal l can b e m a d e m o b i l e 
in the socket , g iv ing the humera l rod a 
range o f m o t i o n comparab l e to that of the 
h u m e r u s . T h e ball can also b e locked in any 
pos i t ion wi th the humera l rod a s suming 

the des i red degree of f lexion, abduc t ion or 
ex tens ion (Figure 1 ) . 

A pa i r of cuffs, humera l a n d forearm, 
at tach to the l i m b above and be low the 
e lbow, respect ively. T h e s e are c o n n e c t e d 
by media l and lateral h i n g e d bars fo rming 
an or thot ic e lbow jo in t wi th op t ions of full 
o r partial r ange o f mo t ion or s tab i l i ty at any 
des i red angle . A n a l u m i n u m b lock at
tached to the humera l cuff m o v e s vert ical ly 
ove r the humera l rod a n d also rotates 
a round it , comple t ing the a s sembly o f the 
F S O (Figure 2 ) . 

W h e n the e lbow j o i n t o f the o r thos i s is 
p reven ted from ex tend ing b e y o n d 150° b y 
a stop lock, and the b l o c k is select ively e le 
va ted o n the rod and fixed b y a locking bol t 
in one o f i ts g rooves , a cons tan t p ressure is 
exer ted agains t the upper ulna b y the fore
arm cuff. T h i s p ressure , t ransferred axially 
to the h u m e r u s , r epos i t ions the humera l 
h e a d into the g leno id fossa . T h e lock ing 
bol t , w h e n further t i gh tened in the se lec ted 
groove , wil l s tabi l ize the arm at any de
s i red degree of rotat ion (Figure 3 ) . 

T h e or thos i s is comple te ly modu la r in 
des ign , is avai lable in different s izes , and 
its fit and a s semb ly b y the or thot is t are 
s imple and min ima l ly t ime c o n s u m i n g . 

STUDY OF USEFULNESS OF 
THE FSO 

T h e F S O , in i ts var ious pro to type and 
final s tages , was tes ted o n e igh t ch ron ic 
hemip leg ic pa t ients w i th uni la teral , non
funct ional uppe r l imbs wi th shou lder 
sub luxa t ion . All of the pa t ien ts r eached a 
l imi t in the i r conven t iona l phys ica l ther
apy program, and all we re d i scharged wi th 
advice to w e a r a shoulder s l ing pe rma
nently. 

T h e i r ages ranged from 40 to 69 . F ive 
were m e n and three w e r e w o m e n . F ive pa
t ients w e r e afflicted o n the r ight s ide and 
three on the left. T h e durat ion o f their ill
ness ranged from o n e and one-ha l f years to 
four and one -ha l f years . T h e degree o f 
shoulder sub luxa t ion in a s tand ing pos i 
t ion ranged from 2 2 m m to 8 m m , as deter
m i n e d b y palpat ion and , in s o m e , b y X -
rays . All pat ients had pa in and e x h i b i t e d 

Figure 1. The ball-and-socket joint of the Functional 
Shoulder Orthosis, with humeral rod. 



Figure 2. Hinged forearm and 
humeral cuffs are attached to a 
block which moves vertically 
over the humeral rod and also 
rotates around it. 

Figure 3. The humeral head is maintained in glenoid 
fossa by pressure exerted against upper ulna by fore
arm cuff and transferred axially to the humerus. 

spas t ic i ty wi th syne rg ies and n o voluntary 
cont ro l . 

W i t h the F S O in p lace , the reduc t ion o f 
sub luxa t ion was i m m e d i a t e and comple t e , 
a n d p rov ided total re l ief from pa in , w i th 
p rompt l e s sen ing o f spas t ic i ty i nduced 
f lexion synerg ies . S u c h r e sponse , in all pa
t ien ts , a l lowed a course of neu romuscu l a r 
re -educa t ion , o r t ra in ing o f the pa t ien t for 
vol i t ional control ove r dysfunct ional m u s 
c l e s . 4 

T h e first p h a s e o f t ra in ing w a s con
duc ted in the office a n d was usual ly aug
m e n t e d b y sensory E M G feedback from 
a t t empted or evo lv ing m o v e m e n t . 5 O v e r a 
course averag ing 20 t rea tments of 30 to 45 
m i n u t e s e a c h — g i v e n twice a w e e k — a l l 
pa t ien ts deve loped the ab i l i ty to flex and 
ex t end the forearm in a coord ina ted fash
ion , wi th ex tens ion a ided by the forearm 
cuff counte r -pressure . T h e y also learned to 
relax vol i t ional ly the spas t ic wris t and 
f inger flexors. T w o left h e m i p l e g i c s w i t h 
marked perceptual mo to r difficulties and 
poor mo t iva t ion dec l ined fur ther t ra in ing . 

T h e r e m a i n i n g s ix pa t ien ts were pro
v ided w i t h the F S O and c o n t i n u e d its u se 
as a t ra in ing a id at h o m e w i t h n o further 
sensory augmen ta t i on . T h e i r spouses o r 
a ides rece ived a b r i e f office demons t ra t ion 
o f p roper F S O fi t t ing and were ins t ructed 
regard ing the ex tent and durat ion o f a dai ly 
se l f -executed exerc ise p rogram at h o m e . 
Th i s phase o f t r a in ing lasted four m o n t h s 

on the average , w i t h the pa t ien ts b e i n g 
fol lowed-up i n the phys i c i an ' s office at 
mon th ly in tervals . 

RESULTS 
O n e pa t ien t w i th left h e m i p l e g i a did no t 

p rogress b e y o n d the ini t ia l s tage and dis
con t inued the t ra in ing . T w o pa t ien ts w i th 
r ight h e m i p l e g i a deve loped bu lk , p o w e r , 
and r e sponse to vol i t ion in p rev ious ly 
pare t ic musc le s o f the shou lder g i rdle . T h i s 
led to e l imina t ion o f shou lde r sub luxa t ion 
wi th the ab i l i ty to flex a n d abduc t the a rm 



wi thou t the use o f an or thos is . T h e y also 
re ta ined the abi l i ty to flex, ex tend , pronate 
and sup ina te the forearm, and o n e ac
qu i red the abi l i ty for p r ehens ion and re
lease of var ious ly s i zed and shaped ob jec t s . 
T h r e e pa t ien t s wi th r ight hemip l eg i a w h o 
were no t able to ach ieve cont ro l of the 
shoulder w i thou t w e a r i n g the F S O s imi 
larly l ea rned acqu i s i t ion and release of o b 
jec ts w i th full forearm mobi l i ty . T h e s e 
three pa t ien ts have con t inued us ing the 
or thos is dai ly for a n u m b e r o f b i m a n u a l 
act ivi t ies of daily l iv ing , not pos s ib l e 
o the rwise . T h e therapeut ic usefulness of 
the F S O can b e b e s t i l lustrated b y the re
s p o n s e of o n e of these pa t ien ts . 

CASE HISTORY 
M a r y M . , age 5 1 , a r ight h a n d e d regis

tered nu r se , was first s een two years after 
onse t o f r ight hemip l eg i a and global apha
sia caused b y cerebra l h emo r rh ag e . 

S h e rece ived three m o n t h s of phys ica l 
therapy in a hospi ta l affiliated wi th a med i 
cal school and re turned h o m e capable of 
mob i l i t y wi th ass i s tance of a lower l imb 
or thos is and c a n e . H e r totally non-func
t ional uppe r l i m b wi th sub luxa t ion of 
shoulder w a s placed in a s l ing, and she w a s 
advised to use i t permanent ly . In the next 
six m o n t h s , there w a s return of speech a n d 
c o m p r e h e n s i o n , bu t no change in the 
status o f the uppe r l i m b , desp i te con t inu 
ing phys ica l therapy. 

O n in i t ia l e x a m i n a t i o n , marked s u b 
luxat ion at the r ight shoulder w a s no t ed 
(Figure 4 ) . T h e hemipare t i c - spas t i c mo to r 
deficits w e r e ev iden t b y a t rophy of l imb 
musc les , inc reased D T R ' s , f lexion of f in
gers , p re sence of cortical t h u m b , and clo
nus o f the wris t . Superf ic ia l sensa t ion to 
touch and p inpr ick w a s dec reased distally, 
bu t pos i t ion sense w a s wel l p rese rved , in
c luding the wris t and f ingers . 

X-rays o f he r r ight shoulder conf i rmed 
the extent of sub luxa t ion and at the s a m e 
t ime demons t ra t ed the downward rotat ion 
o f the g leno id fossa con t r ibu t ing to the 
sub luxa t ion m e c h a n i s m (Figure 5 ) . 

Pa in at the shoulder was cons tan t , l im
i t ing h e r a t tempts at any isola ted voluntary 

Figure 4. Considerable shoulder subluxation in 
hemiplegic patient. 

Figure 5. X-ray of patient in upright position demon
strates the degree of shoulder subluxation. 



Figure 6. Same patient with 
FSO attached demonstrates 
complete reduction of shoulder 
subluxation. 

m o v e m e n t . H o w e v e r , w h e n a pro to type o f 
the F S O was a t tached , pa in w a s ins tant ly 
e l imina ted and sub luxa t ion w a s reduced 
(Figure 6 ) . 

D u r i n g the ve ry first s e s s ion , w i th the 
aid o f the F S O , M a r y was ab le to s h o w 
fairly i so la ted voluntary flexion o f the fore
a rm, w i th marked decrease of reflexive 
spas t ic i ty in the ent i re l i m b . 

After in i t ia l course of t ra in ing in the of
fice she con t inued u s ing the F S O dur ing 
the four m o n t h h o m e phase o f t ra in ing and 
then as a p e r m a n e n t a id in ac t iv i t ies o f 
dai ly l iv ing . S h e learned rapid and fully 
coord ina ted f lexion and ex tens ion of he r 
forearm, wi th spat io- temporal facil i tation 
and i n h i b i t i o n o f the agonis t -an tagonis t 
muscle in terac t ion , as documen ted b y 
mul t i - channe l E M G record ings . S u p i n a 
tion and pronat ion of the forearm have b e 
c o m e funct ional . 

S h e l ea rned vo l i t iona l re laxa t ion o f 
f inger and wr is t flexors and c o m b i n e d such 
wi th dorsif lexion of the wr is t for funct ional 
two- and /or th ree-po in t t enodes i s p inch . 
T h i s a l lowed he r to acqu i re and re lease 

spher ica l , cub i c , and cyl indr ica l ob jec t s in 
a funct ional m a n n e r , inc lud ing foot i t ems , 
so that she could feed herse l f w i th h e r r ight 
h a n d (Figure 7 ) . 

W i t h the F S O , she carr ies out b i m a n u a l 
act ivi t ies that add to h e r i n d e p e n d e n c e as a 
h o m e m a k e r ; for example , she is able to 
sl ice vege tab les (Figure 8 ) , and p ick up and 
carry b imanua l ly var ious ob jec t s , such as 
po ts and pans (Figure 9 ) . In per forming 
these mo to r tasks , she demons t ra tes i nd i 
vidual j o in t m o v e m e n t w i th coord ina t ion , 
and thus could b e rated as s tage VI on the 
B r u n n s t r o m S c a l e , w h i l e upon in i t i a l 
examina t ion she was rated as s tage II, 
s h o w i n g spast ic i ty wi th synerg ies and no 
voluntary control (Brunns t rom, 1 9 7 0 ) . 6 

BENEFITS OBTAINED 
FROM USE OF A FSO 

B a s e d on the ou tcome o f th is pre l imi
nary study, cer ta in conc lus ions s e e m evi
dent : 

• T h e reduct ion o f shoulder sub luxa
t ion immed ia t e ly e l imina tes pa in and the 



Figure 7. Patient with FSO in place 
is capable of increased indepen
dence in activities of daily living, 
for example, feeding herself. 

Figure 8. Bimanual activities such 
as slicing vegetables are possible 
with aid of the Functional Shoul
der Orthosis. 

Figure 9. Bimanual lifting and car
rying of large and heavy objects, 
such as pots, is possible with aid of 
the Functional Shoulder Orthosis. 

spread of reflexive musc l e s ' spas t ic i ty on 
a t t empted m o v e m e n t , p rov id ing comfort 
to the pat ient . 

• T h e phys io logica l pos i t i on ing o f the 
arm in abduc t ion , f lexion and , usually, 
external ro ta t ion , p romotes s t re tching a n d 
e l o n g a t i o n o f spa s t i c m u s c l e s o f the 
scapula and arm and gradually decreases 
the i r de t r imenta l act ivi ty wh i l e at the 
same t ime prevents e longa t ion and further 
w e a k e n i n g o f the paret ic and un re spon 
s ive musc le g roups . In t i m e , the latter m a y 
b e c o m e m o r e r e spons ive and funct ional , 
revers ing the very m e c h a n i s m o f sub luxa
t ion and caus ing its reduct ion . 

• T h e e l imina t ion of pa in and the 
spread of spas t ic i ty offer an oppor tun i ty 
for acqu i s i t ion of voluntary m o v e m e n t o f 
the l i m b . T h e pa t ien t can concent ra te first 
o n faci l i tat ion and i n h i b i t i o n o f a key 
agonis t musc le act ivi ty such as b i c e p s , 
w i th acqu i s i t ion of its mo to r control . In 
t ime , the pa t ien t can learn to coord ina te 
s imul taneously , in an orderly m a n n e r , the 
faci l i tat ion and i n h i b i t i o n of agonis t -an
tagonis t musc l e s , such as b i c e p s and tri
ceps . 

• T h e phys io log ica l pos i t ion o f the 
uppe r l i m b , w i th f reedom to p rona te , 
sup ina te , flex, a n d ex tend the forearm, 
he lped s o m e o f the pa t ients to concent ra te 
on and mas te r more per iphera l funct ions 
such as the vol i t ional re laxat ion o f spas t ic 
f ingers and wr i s t flexors wi th s imul tane

ous vol i t ional wris t dors i f lexion. T h e re
sult o f this w a s a c rude , wr is t t enodes i s 
control led , abi l i ty to acqu i re ob jec t s . In 
o n e pa t ien t , f inger ex tens ion and t h u m b 
a b d u c t i o n , adduc t i on , a n d o p p o s i t i o n 
were also ach i eved , offering m o r e ski l led 
p r e h e n s i o n and m o r e rapid re lease . 

• T h e use o f an F S O at h o m e over ex
t ended t ime per iods s t resses the concep t 
o f se l f -help , offering to the pa t ien t the op 
por tun i ty o f m a n y o f hundreds o f thou
sands of proper m o v e m e n t repe t i t ions , 
w h i c h are essent ia l for repa t te rn ing of 
m o v e m e n t to occur . 

• In m a n y pa t i en t s , the Func t iona l 
Shou lde r O r t h o s i s as a t ra in ing device 
m a y b e n e e d e d for an ex tens ive t i m e , bu t 
eventual ly d i s con t inued at some poin t . In 
o thers , i ts more pe rmanen t use (compara
b le to that o f the ankle-foot or thos is ) is 
accep tab le , cons ide r ing the benef i t o f 
funct ional use o f forearm, wr is t , and 
h a n d , and b i m a n u a l ac t iv i t ies , w h i c h 
wou ld not o the rwise b e pos s ib l e . T h e ac
cep tance of the F S O , inc lud ing the cos 
me t i c aspect , was un i fo rm, and n o sk in 
pressure w a s no t ed even w i t h p ro longed 
w e a r o f the device . 

• Success der ived from use o f an F S O 
s e e m e d to b e directly re la ted to mot iva 
t ional dr ive , abi l i ty to hand le in format ion , 
the invo lvemen t o f the d o m i n a n t l i m b , 
i n d e p e n d e n t ambu la t ion , and a suppor 
t ive env i ronmen t . 



• T h e F S O offers an oppor tun i ty to 
mater ia l ly alter the non- func t iona l s ta tus 
o f u p p e r l i m b in m a n y pa t ien ts w i t h 
h e m i p l e g i c shou lde r sub luxa t ion . W i t h 
p r o p e r p a t i e n t s e l e c t i o n , p r o f e s s i o n a l 
supe rv i s ion , family educa t ion , and or
thot ic suppor t , the n u m b e r s o f such pa
t ien ts can b e cons ide rab l e , w h i l e the p s y 
chologica l a n d s o c i o e c o n o m i c benef i t s are 
mos t grat i fying. 

OTHER USES FOR THE FSO 
Loss o f shou lde r funct ion is o f se r ious 

c o n s e q u e n c e s in any i l lness o r in jury and 
l imts the use of the ent i re l i m b , resu l t ing 
m o r e often than no t in p e r m a n e n t d i sab i l 
i ty o f the afflicted i n d i v i d u a l . 7 T h e F S O 
can , therefore , a lso b e a va luab le a id 
w h e r e t raumat ic , inf lammatory, and de
g e n e r a t i v e d i s e a s e s h a v e affected t h e 
s h o u l d e r j o i n t a n d t e m p o r a r i l y c o m 
p r o m i s e d its crucial funct ion o f self-care 
a n d control o f e n v i r o n m e n t . T h e Func 
t ional S h o u l d e r Or thos i s can b e u sed in 
c o n s e r v a t i v e t r ea tmen t o f pos t su rg ica l 
p h a s e o f fractures o f humera l neck a n d 
h e a d , rotator cuff tears , a n d pos te r ior 
shou lde r d i s loca t ions ; in i ncomple t e b r a 
ch ia l p lexus l e s ions (C5 , C 6 ) ; in frozen 
shou lde r and shou lde r /hand synd romes ; 
a n d in the pos tsurg ica l phase o f total 
s h o u l d e r j o i n t r e p l a c e m e n t . W i t h t he 
shou lde r secure ly s tab i l ized and the a rm 
kep t in a phys io log ica l pos i t i on o f func
t ion , the forearm and h a n d can b e used 
func t iona l ly du r ing the of ten l e n g t h y 
pe r iod o f the n e e d e d shou lder i m m o b i l i 
za t ion . 

CONCLUSION 
Ortho t i s t s h a v e h is tor ica l ly p layed a 

u n i q u e role in in te rac t ing b e t w e e n profes
s ionals (phys ic i ans , phys ica l and occupa 
t i ona l t he r ap i s t s ) a n d p a t i e n t s , o f ten 
educa t ing the former w h i l e a lways serv ing 
the b e s t in teres ts o f the latter. 

C o n c e r n i n g the h e m i p l e g i c pa t i en t , or
thot is ts have con t r ibu t ed s ignif icant ly to 
res tor ing the m a i n funct ion o f the lower 
l i m b , i . e . mobi l i ty . T h e in t roduc t ion o f the 
Func t iona l Shou lde r Or thos i s ha s o p e n e d 
u p a vas t area o f n e w or thot ic i npu t to
wards a m o r e meaningfu l rehabi l i t a t ion o f 
the uppe r h e m i p l e g i c ex t remi ty as wel l . 
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