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Current ly upper - l imb orthot ics require
ments h a v e included a b r o a d s p e c t r u m of u p 
per- l imb disabi l i ty a r e a s . T h e orthotist h a s 
been cal led u p o n to supp ly orthot ic devices 
in two p r i m a r y a r e a s — t e m p o r a r y or thoses 
(as required in acute care) a n d permanent 
long term or thoses . 

T h e upper - l imb or thoses required for tem
p o r a r y or short term use are m o s t frequently 
needed in t raumat i c a r m and h a n d injuries 
( involv ing skeletal , soft t issue, a n d nerve 
d a m a g e ) pediatr ic spl inting when g r o w t h 
spur t s require frequent splint changes , a n d 
p r o g r e s s i v e spl inting such a s needed for the 
burn pat ient . T h e m a j o r i t y of splinting for 
this g r o u p ind iv idual s is d o n e with low to 
m o d e r a t e t empera ture thermoplas t i c s . T h e y 
are p r e d o m i n a n t l y used b e c a u s e of ease of 
fabr icat ion directly on the pat ient . Orthoplast, P o l y f o r m , a n d A q u a p l a s t are mos t fre
quent ly used for low t empera ture require
ments . Because these mater ia l s d o not re
quire either a pos i t ive or negat ive m o l d , or
thoses can be m a d e a n d fitted within minutes 
instead of hours . Progress ive serial p laster 
spl inting h a s a l so been used for t e m p o r a r y 
a n d short - term app l i ca t ions . 

T h e m a j o r i t y of these orthot ic require
ment s are static in nature , while d y n a m i c 
spl int ing is used pr imar i ly for s u p p o r t while 
a l lowing joint excurs ion . Often occupat iona l 
therapis ts h a v e suppl i ed these orthot ic 
needs . T h e orthot is t fabr icates s imilar or
thoses with m o d e r a t e to high t empera ture 

thermoplas t i c s for h e a v y use requirements . 
N u m e r o u s ass i s t ive self help devices for 

activit ies of dai ly l iving ( A D L ) are a v a i l a b l e 
commerc ia l l y which fulfill the short term or
thotic need. Fred S a m m o n s , Inc. , C leo , Zimmer, a n d O E C are a few of the special ty 
c o m p a n i e s w h o s u p p l y the m a j o r i t y of these 
i tems. Permanent long term or thoses of a so 
phis t icated nature are required for the spinal 
c o r d injured pat ients . These pat ients p o s e a 
chal lenge to all orthot is ts a n d occupat iona l 
therapis ts w h o m u s t train the patient to use 
the or thoses . Between 8 a n d 10 ,000 new 
spinal c o r d t raumat ica l ly injured pat ients oc
cur each year . Of these 5 ,500 are q u a d r i p l e 
gics , all of w h o m require orthot ic devices to 
regain s o m e degree of independence . A c 
cord ing to D r . John Y o u n g of the N a t i o n a l 
Spinal C o r d Injury D a t a Research Center in 
Phoeniz , A r i z o n a , only 10 percent of the 
quadr ip leg i c s are treated in regional spinal 
c o r d centers . T h e remain ing 90 percent are 
treated in acute care hosp i ta l s , rehabi l i tat ion 
centers, a n d U . S . Mi l i tary facilities. 

Current ly five b a s i c orthot ic s y s t e m s a r e 
a v a i l a b l e for use by quadr ip leg ic pat ients: 
T h e Engen ( H o u s t o n ) , I R M / N Y U (Institute 
of Rehabi l i tat ion M e d i c i n e — N e w York Uni
vers i ty) , R a n c h o (Cal i forn ia ) , Engel (Uni
vers i ty of Wiscons in) and R I C (Rehabi l i ta
tion Institute of C h i c a g o ) m o d e l s . T h e 
I R M / N Y U , R a n c h o , a n d Engel m o d e l s are 
n o w currently a v a i l a b l e in kit form a n d must 
be cons tructed bas ica l ly from flat , s tock 



which invo lves a m a x i m u m a m o u n t of p r o 
fessional l abor until all the splint a d j u s t 
ments are c o m p l e t e d . 

T h e R I C model can be constructed m o r e 
quickly of either low or m o d e r a t e t empera
ture p las t ics . T h e R I C sys tem is used in the 
early e v a l u a t i o n a n d training s t a g e s . It h a s 
l imitat ions however , a s special modi f i ca
tions a n d external p o w e r cannot be a d d e d 
easi ly a n d thus economica l ly . 

T h e m o d u l a r sys t em offered b y Engen is 
the only readi ly a s s e m b l e d orthos i s with a 
wide range of app l i ca t ion . 

T h e I R M / N Y U orthos i s n o w uses Nyloplex (high t empera ture thermoplast ic ) a s the 
splint mater ia l which is a great i m p r o v e m e n t 
in a p p e a r a n c e a n d a l lows interesting design 
so lut ions . T h u s the avai labi l i ty of new ther
m o p l a s t i c s a s well a s a n a t o m i c a l a n d b i o m e 
chanical cons idera t ions h a v e reflected s o m e 
a d v a n c e s in des ign a n d fit. 

U p p e r - l i m b orthot ics for the arthrit ic has 
not s h o w n a n y new a d v a n c e s though m a n y 
or thoses are being constructed dai ly . O n e 
reason could be the lack of agreement by the 
medical profess ion in the efficacy of orthot
ics in relation to medica l a n d surgical m a n 
agement of the arthrit ic pat ient . Little defini
tive research w o r k has been d o n e a n d cer
tainly s h o u l d be p u r s u e d . T h e w o r k at the 
Univers i ty of Mich igan a n d that b y D r . R o b 
ert Bennett is a s tart . Invest igat ion in the use 
of or thoses in r h e u m a t o i d arthrit is requires 
act ive a n d comphrehens ive act ion . In spite 
of the r e c o m m e n d a t i o n s of the w o r k s h o p 
s p o n s o r e d b y the C o m m i t t e on Prosthet ics 
Research and D e v e l o p m e n t in 1973 at Hot 
S p r i n g s , A r k a n s a s , no significant research 
h a s been d o n e . A c o m p r e h e n s i v e research 
a n d deve lopment p r o g r a m for functional 
orthot ic devices w a s r e c o m m e n d e d by the 
W o r k s h o p Panel especial ly because of the 
large n u m b e r of arthrit ic pat ients that need 
help. 

T h e fo l lowing nine a r e a s are listed in an 
a p p r o x i m a t e order of priori ty a s needing fur
ther research and deve lopment: 

1. Review prehension patterns for 
quadriplegics. Trad i t iona l ly , the three-
point prehension pat tern h a s been 
s tressed for quadr ip leg ic s . It is bel ieved 
h o w e v e r , that this prehension pattern 

m a y not be best suited for this type of 
patient in view of the lack of s ensory 
f e e d b a c k and an interruption of the 
n o r m a l pattern of the kinetic chain . For 
e x a m p l e , a lateral pinch prehens ion pat 
tern w o u l d permit the patient to use vis
ual cues better in g r a s p i n g objects . At 
the s a m e time, this might p r o v e useful 
in transfer act ivites and in propel l ing a 
wheelchair a s it w o u l d leave the thumb 
"out of the w a y " for these act ivit ies . It 
is bel ieved that this could be investi
g a t e d b y identifying certain neces sary 
activit ies of dai ly l iving expected of a 
quadr ip l eg i c pat ient , and testing his 
abil i ty in these tasks with v a r i o u s pre
hension pat terns . T h e results could then 
serve a s an a id to the design of the or
thoses which p r o v i d e a prehens ion pat 
tern best suited for the quadr ip leg i c p a 
tient. 

2. Control systems for the high 
quadriplegic. A t present , mos t external
ly energized s y s t e m s are control led by 
e lectromechanica l t ransducers . It is recognized that the use of e lec tromechan
ical t ransducers is l imited by the a v a i l a 
bility of an a d e q u a t e n u m b e r of control 
sites. It is therefore r e c o m m e n d e d that 
other m e a n s of control l ing a mult iple-
degree-of - freedom sys tem be explored , 
e .g . , myoe lec tr ic control which requires 
a better unders tand ing of the E M G p o 
tentials a v a i l a b l e in the facial a n d cervi
cal a r e a s . Th i s shou ld be b a s e d on a 
m a p p i n g of these a r e a s a s well a s ex
p lora t ion of E E G control or a hybr id 
sys t em involv ing v a r i o u s control sys 
tems. 

3. Body powered/hybrid systems for 
quadriplegics. It is bel ieved that there is 
not only a need for m o r e sophis t icat ion 
in prov id ing function for quadr ip leg ic s 
but s impl i f icat ions a s well. A s such, the 
w o r k being d o n e by Gui l ford which 
uses the effects of grav i ty beneficial ly 



a n d thereby enhances the use of resi
dual b o d y p o w e r to p r o v i d e h a n d a n d 
a r m function is recognized. Other rel
a ted s y s t e m s p r o v i d e m a n u a l control or 
locking of a prehens ion or thos i s . S u c h 
b o d y p o w e r e d sys t ems m a y a l so be in
c o r p o r a t e d , in part , in external ly energ
ized mult ip le-degrees-of freedom sys 
tems. 

4. Hand manipulators. T h i s is conce ived 
to be an externally energized sys t em for 
high level quadr ip l eg i c s . T h e s e sys t ems 
need not be b a s e d on an a n a t o m i c a n a 
log of the a r m , but rather w o u l d b y p a s s 
his shoulder , e lbow, a n d wrist jo ints to 
s imply gu ide the patient's h a n d a long 
an X Y Z ax i s . Th i s is not to be confused 
with m a n i p u l a t o r s presently under in
ves t igat ion at the Univers i ty of Ca l i 
fornia , L o s Ange le s , by L y m a n , which 
are sys t ems that d o not i n c o r p o r a t e any 
par t of the patient's b o d y . 

5. Improved man-machine interface 
materials. Genera l ly , it is f o u n d that 
u p p e r - l i m b or thoses tend to migrate 
distal ly on the patient's hand or fore
a r m . T h u s , it is r e c o m m e n d e d that bet
ter s tabi l izat ion by i m p r o v e d a t tach
ments a n d mater ia l s with necessary fric
tion character is t ics be invest igated . 

6. New materials. It is felt that there is a 
need to invest igate a n d d e v e l o p mater
ials that are both transparent a s well a s 
l ow t empera ture forming in order to 
o b s e r v e injured a r e a s in acute spl inting. 

7. Improved functional orthoses for the 
C-6 quadriplegic. A l though wrist -driv
en prehension or thoses are a v a i l a b l e for 
this type of patient it w a s bel ieved that 
such or thoses k inemat ica l ly inhibit not 

only wrist m o v e m e n t but induce c o m 
p e n s a t o r y m o v e m e n t at the other m a j o r 
m o r e prox imal joints . It is r ecom
m e n d e d that the fitting of a h a n d or tho
sis distal to the wrist that m a y be energ
ized either by external p o w e r or by 
b o d y power be invest igated. Such an 
or thos i s w o u l d a l low the patient to 
m o v e his m a j o r joints , including the 
wrist , wi thout inhibition by the or tho
sis. 

8. Improved arm sling designs. A n 
eva lut ion of the des igns of a r m sl ings is 
be l ieved to be in order to identify the 
relat ive v a l u e of each. It is recom
m e n d e d a l so that the vertical a r m s u p 
por t sling be m a d e a v a i l a b l e to a larger 
pat ient p o p u l a t i o n in order to enhance 
the cosmes i s a n d permit better pos i t ion
ing of the a r m . 

9. Elbow flexion assist for ambulatory 
patients. A need exists for an e l b o w 
flexion ass is t , which m a y use either 
external p o w e r or s tored energy f rom 
the b o d y , to a id pat ients with total 
p a r a l y s i s of the upper l imb, part icu lar ly 
those with brachia l p lexus les ions. 

T h e r e are two remain ing a r e a s of top pri
ori ty that were not ment ioned in the preced
ing listing due to their special ized needs . 

T h e first, a n d p e r h a p s mos t urgent , con
cerns arthr i s t s . It is recognized that v e r y lit
tle has been d o n e for arthrit ic pat ients . O t h 
er than the w o r k being d o n e by Dr . Robert 
Bennett a n d by the g r o u p at the Univers i ty 
of Mich igan referred to earlier, no real act ive 
a n d c o m p r e h e n s i v e act ion has been taken to 
invest igate the entire p r o b l e m of the r h e u m a 
toid arthrit ic pat ient . Specif ic reference is 
m a d e to the r e c o m m e n d a t i o n s noted at the 
C P R D - s p o n s o r e d W o r k s h o p Panel held in 
M a y , 1973 in Hot Spr ings , A r k a n s a s . In 
spite of these r e c o m m e n d a t i o n s f rom the 
W o r k s h o p Panel , w e are not a w a r e of a n y 



significant research be ing d o n e in this a r e a 
s ince that t ime. In v iew of the large n u m b e r 
of arthrit ics , this is deemed a m a j o r priority 
i tem. It is general ly agreed that Early Fitting 
P r o c e d u r e s m u s t be a c c o m p l i s h e d in order to 
p r o v i d e g o o d profess ional service . C o n t r a c 
tures a n d deformit ies can be prevented if the 
pat ient w a s fitted p r o m p t l y a n d accurate ly . 
T h e r e is a definite need for m o r e qual i f ied 
personnel b o t h in orthot ics a n d occupat iona l 
therapy to h a n d l e this p r o b l e m . In add i t ion , 
we feel that our educat iona l inst i tutions 
shou ld p lace a m u c h greater e m p h a s i s on 
current m e t h o d s a v a i l a b l e . 

In the a r e a of service del ivery, it w a s re
cognized that p r o b l e m s exist due to the un
avai lab i l i ty of competent orthot ic service. 
T h e mos t a d v a n c e d orthot ics m a n a g e m e n t is 
present ly pract iced at a few select m a j o r re
habi l i tat ion centers. However , the needs of 
m a y pat ients requir ing orthot ic services a r e 
not met opt imal ly in m a y a r e a s of the coun
try. It is therefore r e c o m m e n d e d that central 

fabr icat ion facilities be e n c o u r a g e d to pro
v ide u p p e r - l i m b orthot ic services . Further, it 
is bel ieved that i m p r o v e d prefabr icat ion sys 
tems might a id the orthot is t w h o treats only 
a l imited n u m b e r of pat ients in the c o u r s e of 
the y e a r . For e x a m p l e , a bas ic wr i s t -hand 
or thos i s m a y be s tocked by the orthot is t a n d 
t r immed to specific needs , e .g . , b a s i c o p p o n 
ents or thos i s , wrist s u p p o r t , etc. 

In conc lus ion , it shou ld be recognized that 
the deve lopment of newer dev ices a n d tech
niques a s r e c o m m e n d e d a b o v e in itself will 
not result in o p t i m u m patient care . Rather , 
such d e v e l o p m e n t s shou ld be v iewed as im
p o r t a n t tools in the overal l m a n a g e m e n t b y 
the rehabi l i tat ion team in which the orthotist 
must p l a y an integral role . With the advent 
of the m o r e sophis t i cated technology that is 
a v a i l a b l e t o d a y including environmenta l 
control s y s t e m s for the quadr ip leg ic pat ient , 
it b e c o m e s impor tant to p r o v i d e a d v a n c e d 
training for orthot is ts or rehabi l i tat ion engi
neers to be ab le to p r o v i d e these services . 


