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T h e complex i ty of the funct ions p r o v i d e d 
b y the h a n d s a n d u p p e r l imbs necessari ly 
m a k e s u p p e r - l i m b orthot ics a very extensive 
a n d d iverse a r e a in pract i ce . A n a t t e m p t is 
m a d e here to categor ize the v a r i o u s a r e a s of 
u p p e r - l i m b orthot ics . 

U p p e r - l i m b Orthot i c S y s t e m s 

A n u m b e r of inst i tut ions h a v e d e v e l o p e d a 
sys t em of u p p e r - l i m b orthot ics which in all 
c a s e s is b a s e d on a b a s i c o p p o n e n s or thos i s 
to which v a r i o u s c o m p o n e n t s a r e a d d e d for 
amel ior iza t ion of specific indiv idual impair 
ments (2) . All s y s t e m s include v a r i o u s pre 
hension or thoses , including external ly ener
gized s y s t e m s for v a r i o u s levels of quadriplegia. 

T h e s e s y s t e m s are best suited in the m a n 
agement of per ipheral nerve injuries a n d 
other d i seases , e .g . , po l io , Gui l ian B a r r e , in 
which part ia l or comple te recovery is antici
p a t e d , a s well a s for quadr ip leg ic pat ients . 
T h e s y s t e m s a r e app l i ed not only to enhance 
function, but a l s o to protect the h a n d in a 
funct ional pos i t ion a n d to prevent contrac 
tures while recovery takes p lace . 

Lis ted in chronolog ica l order of d e v e l o p 
ment, the s y s t e m s are: 

1. W a r m S p r i n g s S y s t e m , deve loped at the 
G e o r g i a W a r m S p r i n g s F o u n d a t i o n (Fig. 1). 

2. R a n c h o L o s A m i g o s S y s t e m , d e v e l o p e d 
at the R a n c h o L o s A m i g o s Hosp i ta l , 
D o w n e y , Ca l i forn ia (Fig. 2 ) . Fig. 1. Warm Springs-type basic opponens orthosis 



Fig. 2. Rancho-type opponens orthosis with dorsal-wrist support 

3. Engen S y s t e m , deve loped at the T e x a s 
Institute for Rehabi l i ta t ion a n d Research , 
H o u s t o n , T e x a s (Fig. 3 ) . 

4. I R M - N Y U S y s t e m , deve loped at the In
stitute of Rehabi l i tat ion Medic ine , N e w 
Y o r k Univers i ty Medica l Center (Fig. 4 ) . 

C o m p o n e n t s for the latter two s y s t e m s are 
a v a i l a b l e through suppl iers for indiv idual 
a d a p t a t i o n to pat ients . 

Pre - fabr ica ted Spl ints 

T h i s c a t e g o r y includes r e a d y - m a d e 
spl ints , a v a i l a b l e f rom a n u m b e r of m a n u 
facturers such a s Bunnell spl ints f r o m 
Weniger , v a r i o u s rest ing a n d pos i t ioning 
spl ints f rom O E C , Z i m m e r , etc . , and other 
devices for activit ies of dai ly l iving f rom 
R T C , S a m m o n s , a n d others (8) . While 
s o m e of these devices serve a very useful 
funct ion, e .g . , a d a p t i v e devices for activi
ties of dai ly l iving, s o m e spl ints m a y in 
fact be cons idered harmful b e c a u s e of im
p r o p e r pos i t ions i m p o s e d by certain de
s igns . 

A c u t e ( T e m p o r a r y ) Spl int ing 

C o n s i d e r e d in this area are devices which 
are app l i ed in cases where immedia te splin
ting is d e m a n d e d , e .g. , soft t issue t r a u m a , 
burns , etc. , or in cases where p r o g r e s s i v e 
changes in joint a l ignment are necessary . 
M o s t often this k ind of spl inting is p r o v i d e d 
by pract i t ioners other than the or thoped ic 
surgeon (7), i .e . , occupat iona l a n d physical 
therapists , general pract ioners , a n d nurses . 
M a t e r i a l s used for these p u r p o s e s are: 

1. Low Temperature Thermoplastics 
A n increasing n u m b e r of low temperature 

thermoplas t i c s h a s b e c o m e a v a i l a b l e which, 
in general , lend themselves very well to this 
appl i ca t ion since they are easi ly hand led a n d 
require a m i n i m u m a m o u n t of equipment 
(Fig. 5). Each pos se s se s unique physical char
acterist ics such as color, stiffness, t ranspar
ency, t emperature range , etc. 

2. Plaster of Paris 
Plaster cas t s are often appl ied a s a t empor-



Fig. 3. Engen-type opponens orthosis with volar-wrist support: 

Fit. 4. IRM-NYU type opponens orthosis with dorsal-wrist support and metacarpal phalangial extension 
stop 



ary m e a s u r e in an emergency setting to s tabi 
lize a joint, or in p r o g r e s s i v e correct ion of 
contracted joints . 

Pre - fabr ica ted spl ints are useful when the 
p r o g n o s i s for patient recovery is g o o d , in
d icat ing short term use of an orthos i s , or in 
cases when the patient a w a i t s the fitting of a 
m o r e permanent or thos i s f rom the orthot is t . 

Spec ia l C a s e s 

While most upper - l imb i m p a i r m e n t s a n d 
injuries can be m a n a g e d with or thoses a n d 
spl ints included in the three categor ies cited 
a b o v e , there are certain special cases in 
which very little p r o g r e s s has been m a d e a n d 
in which orthot ics m a n a g e m e n t is cons idered 
general ly p o o r . T h e s e cases are: 

1. Hemiplegia 
Current orthot ic m a n a g e m e n t of hemiple

g ia pat ients is confined to the fitting of a 
stat ic hand-wris t or thos i s to prevent flexion 
contractures a n d / o r the fitting of an a r m 
s u p p o r t sl ing to prevent shoulder s u b l u x a 
tion a n d / o r pa in . O c c a s i o n a l l y , p a s s i v e pre
hension or thoses which are m a n u a l l y oper
ated h a v e been fitted to selected pat ients 
with mixed success . 

2. Rheumatoid Arthritis 
Both the G e o r g i a W a r m S p r i n g s F o u n d a 

tion under the direction of Dr . Rober t Ben
nett a n d the Univers i ty of Mich igan h a v e de
ve loped a n u m b e r of or thoses specif ical ly de
s igned for the r h e u m a t o i d arthrit ic patient . 
H o w e v e r , there is a general lack of a sys 
tematic a p p r o a c h to orthot ic m a n a g e m e n t of 
the v a r i o u s pa thomechan ica l condi t ions p r o 
d u c e d b y r h e u m a t o i d arthrit is . 

Fig. 5. Low temperature plastic splint (courtesy Maude Malik, O T R ) . 



3. Burns 
While s o m e exciting w o r k has been done 

in special burn centers a n d in part icu lar by 
M a u d e M a l i c k in splinting the burned upper 
l imb to prevent contractures , pat ients seen in 
other locales are p r o b a b l y not treated o p 
timally with or thoses . 

T r e n d s for Future Research a n d 
D e v e l o p m e n t 

T h e r e are three m a j o r a r e a s which re
quire future research a n d deve lopment . 

Orthot i c s in Sp ina l C o r d Les ions 

D u e to i m p r o v e d medical care , m a n y 

in prosthet ics which resulted in a three-jaw 
chuck type of pinch, which is the mos t fre
quent ly used prehens ion pat terns in normal 
use (1). It should be recognized that the 
quadr ip leg i c patient is anyth ing but n o r m a l 
in the terms of the k inemat ics of upper - l imb 
function due to w e a k n e s s in pract ical ly all 
e lements of the k inemat ic chain. 

Furthermore , the patient lacks sensory 
f eedback a n d must rely entirely on v isual 
f eedback to handle objects . With this in 
m i n d it w o u l d be extremely useful to review, 
or conduct a new s t u d y of, prehens ion pat 
terns specific to the quadr ip leg ic patient , 
cons ider ing his overal l w e a k n e s s and other 

m o r e sp ina l -cord- injured pat ients surv ive 
than w a s the case in the pas t . Consequent ly , 
we are seeing m o r e quadr ip leg ic pat ients (9), 
a n d , the d e m a n d for i m p r o v e d a n d extended 
orthot ic services is increasing. 

1. Review of Prehension Patterns for Or
thotics 

Tradi t iona l ly , the des ign of functional up
per- l imb or thoses is b a s e d on earlier research 

features unique to him, e .g . , the need for 
transfer act iv i ty f r o m wheel-chair while 
wear ing the or thos i s b e c a u s e it gets in his 
w a y or it m a y be d a m a g e d in the p r o c e s s . 
Th i s d i s c o u r a g e s pat ients from using an or
thosis full-t ime. B a s e d on such bas ic mot ion 
research, or thoses might be des igned to p r o 
v ide prehens ion pat terns , e .g. , lateral pinch, 
which w o u l d not, or only minimal ly , inter
fere with other activit ies , yet enhance v isual 
f eedback . 

Fig. 6. IRM-NYU multiple degree of freedom electric arm orthosis 



2. Develop Multi-degree of Freedom 
System for High-Level Quadriplegics 

While mult iple degree of f reedom or thoses 
h a v e been d e v e l o p e d by v a r i o u s inst i tutions, 
n a m e l y R a n c h o L o s A m i g o s Hosp i ta l (10), 
T I R R (3), a n d I R M - N Y U (5), only a few p a 
tients h a v e benefitted f r o m such devices . 
Further, it a p p e a r s that there is a need to 
e v a l u a t e these or thoses c o m p a r a t i v e l y a n d 
to incorporate the best features of the sys 
tems in an orthos i s which is b a s e d on kine
mat i c cons iderat ions of the quadr ip leg i c a s 
sugges ted a b o v e . A l s o , cons iderat ion shou ld 
be g iven to a sy s t em which gu ides the h a n d 
with the prehensi le device through an X - Y - Z 
c o o r d i n a t e sys tem, b y - p a s s i n g the a n a t o m 
ical jo ints . S u c h a sys tem m a y reduce the 
n u m b e r of contro l s necessary a n d is, con
ce ivably , a s impler mechanica l s y s t e m . 

3. Evaluation of Manipulators 
T h e eva luat ion of m a n i p u l a t o r s which ig

nore the patient's exist ing extremity 
complete ly h a s been initiated recently at the 
Univers i ty of Ca l i forn ia , L o s Ange le s (9) . 
T h i s s h o u l d be e n c o u r a g e d s o that their use 
fulness can be determined a n d further devel
o p m e n t be under taken if indicated in lieu of, 
or a s an a l ternat ive to, or thoses . 

4. Evaluation of Environmental Control 
Systems 

A n increasing n u m b e r of env ironmenta l 
control s y s t e m s is b e c o m i n g a v a i l a b l e c o m 
mercial ly a n d through research l a b o r a t o r i e s . 
A great need exists to del ineate the a d v a n 
tages of the v a r i o u s s y s t e m s with specific in
d icat ions for use not only between the var i 
ous env ironmenta l control s y s t e m s , but a l s o 
in c o m p a r i s o n to external ly energized upper -
l imb or thoses or m a n i p u l a t o r s . 

5. Design and Development of Control 
Systems 

For the m o s t part , e lectromechanical con
trol s y s t e m s h a v e been used in orthot ic de
vices (Fig. 7). T h e s e are , however , l imited 
b e c a u s e ac tuat ion of the t ransducers requires 
a certain m a g n i t u d e of force a n d d i sp lace 
ment . It is, therefore, bel ieved that further 
invest igat ion of other control s y s t e m s shou ld 
be exp lored such a s : 

a. Myoe lec tr i c m a p p i n g of the facial a n d 
neck a r e a s to determine which musc les are 
best suited for the control of an orthot ic de
vice or env ironmenta l control s y s t e m with
out interference of other funct ions or inad
vertent o p e r a t i o n ( l l ) . T h i s s h o u l d include 
the s t u d y of conduct ion p h e n o m e n a which 
h a s been d e m o n s t r a t e d exper imenta l ly in 
p icking u p myoelectr ic potent ia l s f rom 
musc le s through remote ly loca ted elec
trodes . T h i s w o u l d a id in the cosmet ic con
s iderat ions of e lectrode p lacement in the 
neck a n d facial a r e a s . 

b. Electroencephalographic control 
K a l k s t e i n at I R M - N Y U ( 4 ) recently d e m 

ons tra ted the t empora l re lat ionship b e 
tween E E G a n d E M G output in real time 
through filtering of e x t r a n e o u s noise . T h i s 
deve lopment a p p e a r s to h a v e real potent ia l 

Fig. 7. Electromechanical head and shoulder control 
switches for multiple-degree-of-freedom powered 
electric arm orthosis 



in devis ing a control sy s t em b a s e d on EEG. 
Further research in this a r e a shou ld be en
c o u r a g e d to des ign a computer i zed recogni
tion s y s t e m of the E E G s ignal in q u a d r i 
plegic pat ients for control l ing orthot ic or 
other devices . 

Spec ia l C a s e s 

1 . Hemiplegia 
Present research conducted under the Re

habi l i tat ion Serv ices A d m i n i s t r a t i o n a n d the 
Veterans A d m i n i s t r a t i o n in electrical s t imu
lation of the hemiplegic hand a n d a r m at 
R a n c h o L o s A m i g o s Hosp i ta l , the Univers i ty 
of L j u b l j a n a , a n d C a s e Western Reserve Uni
vers i ty s h o u l d be cont inued . 

2. Rheumatoid Arthritis 
Research in this a r e a shou ld be great ly ac 

ce lerated to p r o v i d e this type of pat ient with 
an or thos i s which not only prevents further 
deformity , but a l so enhances function with
out interfering with activit ies of da i ly l iving. 
A t present there seems to be no sys temat ic 
a p p r o a c h to this p r o b l e m . 

3. Burns 
T h e role of orthot ics in treatment of b u r n s 

to prevent contrac tures shou ld be clearly de
fined. T h e m e t h o d s present ly a v a i l a b l e at 
burn centers s h o u l d be d i s seminated to all 
pract i t ioners deal ing with the orthot ic m a n 
a g e m e n t of b u r n s . 

Serv ice De l ivery 

Del ivery of orthot ics services for the 
u p p e r - l i m b s h o u l d b e i m p r o v e d through the 
fo l lowing. 

Centra l fabr icat ion facilities shou ld be en
c o u r a g e d to p r o v i d e this service . 

Pre- fabr icated or thoses a n d spl ints should 
be vas t ly i m p r o v e d to c o n f o r m with ac 
cepted principles of h a n d pos i t ion a n d func
tion a n d b e m a d e a v a i l a b l e to the medical , 
orthot ics , a n d therapies pro fes s ions . 

Profess iona l roles of the occupat iona l 
therapist a n d orthot is t s h o u l d be m o r e clear
ly identified in terms of the type of services 
p r o v i d e d b y each profes s ion . 

T r a i n i n g of orthot is ts a n d other profes 

s iona l s p r o v i d i n g orthot ics services shou ld 
be great ly acce lerated, part icu lar ly in view 
of the ever- increas ing sophis t icat ion of 
m u l t i - p o w e r e d a n d env ironmenta l control 
s y s t e m s . T h i s is a part icu lar ly crucial a r e a 
s ince servic ing of such s y s t e m s will u l t imate
ly b e c o m e prob lemat i ca l if orthot ics training 
d o e s not include cons iderat ion for these sys 
tems. 

Ear ly fitting of orthot ic devices is at least 
a s essential a s it is in prosthet ics to prevent 
contrac tures a n d to enhance m a x i m u m utili
zat ion of orthot ic devices . 
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