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PATIENT HISTORY 
O n January 5 , 1983 , a pa t ien t , Mr . C . , 

w a s referred to the Pros the t i cs -Or tho t ics 
D epa r tme n t o f C h e d o k e - M c M a s t e r H o s 
pi tals as n e e d i n g rev i s ion to a s tandard , 
fabric arm s l ing. T h i s pa t ien t h a d b e e n in
vo lved in a motorcyc le acc ident and h a d 
suffered severe avuls ion of the fifth, s ix th , 
and seventh cervical sp ina l ne rves . Fo r a 
n u m b e r of m o n t h s after the acc iden t , Mr . 
C. was unab le to wa lk and was told that h e 
w o u l d no t regain useful funct ion o f h i s left 
a rm and that h e w o u l d also suffer impa i r 
m e n t o f h i s speech and menta l facul t ies . 
Cont ra ry to th is p rognos i s , Mr . C , in less 
than a year , is not only menta l ly compe ten t 
and art iculate , bu t has r ega ined a fully 
funct ional gait pa t tern , w i th n o s ign of h i s 
p rev ious t rauma. 

T h e r e m a i n i n g p r o b l e m , and m a i n focus 
o f this paper , is the pa t ien t ' s left a rm. T h e 
musc les of the shou lder r eg ion are atro
p h i e d th rough lack o f innerva t ion . T h e 
e lbow is l i kewise s imilar ly affected (Figure 
1 ) . T h i s pa t ien t is ex t remely for tunate , 
h o w e v e r , in that w h i l e cer ta in nerves w e r e 
p i n c h e d and des t royed , o thers were left 
intact . Mr . C. has very w e a k wr is t ex ten
s ion and w e a k f inger ex tens ion . H e re ta ins 
good finger flexion, good thumb control, 

Figure 1. The patient, showing atrophy of left arm. 



Figure 2. The patient and orthosis. 

Figure 3. The "Orthotic arm," lateral view 
complete. 

and adequa te f ine f inger m o v e m e n t . B e 
cause o f the p ressure o f h a n d funct ion , it 
w a s though t pos s ib l e that s o m e type of 
or thot ic m a n a g e m e n t w o u l d b e o f benef i t 
to the pa t ien t . A ser ies o f d i scuss ions w a s 
in i t i a ted w i t h Mr . C. that resul ted in a de
v ice h e calls h is "o r tho t ic a r m " (Figures 
2 and 3 ) . 

FUNCTIONAL 
CONSIDERATIONS 

T h e p r imary funct ion of Mr . C . ' s or thos is 
i s to re ta in and s tab i l ize the h e a d o f the 
h u m e r u s in the g leno id fossa . T h i s pre
vents s t re tch ing and d a m a g e to the nerves 
w h i c h al low the pa t ien t n e a r normal u se of 
h i s h a n d . Cr i t i ca l s tab i l i ty w a s part icularly 
hard to ach ieve as the pa t ien t exerc ises 
s t renuous ly a n d enjoys such act ivi t ies as 
s w i m m i n g , j o g g i n g , and tennis . 

T h e o r thos i s ' s econdary funct ion is to act 
as a s t ab le , var iab le pos i t i on ing agen t for 
M r . C . ' s h a n d . Fo r th is reason , even the 
m o s t e labora te of conven t iona l c loth a rm 
s l ings w o u l d no t b e satisfactory. 

RANGE OF MOTION 
T h e dev ice p rov ides pos i t i on ing w i t h i n 

the fol lowing range o f m o v e m e n t s : 
• T h e h a n d is suppor ted and f ixed in 10° 

o f ex tens ion at the wr i s t . 
• T h e forearm can b e rota ted th rough 

180° to p rov ide full sup ina t ion a n d 
p rona t ion , a l though mos t c o m m o n l y 
the h a n d is m a i n t a i n e d in e i the r the 
m i d sup ina t ion -p rona t ion ( t humbs 
up) pos i t i on or in full p rona t ion . 

• T h e e l b o w can fully ex tend and can b e 
locked in any o n e of seven pos i t i ons , 
inc lud ing approx imate ly 135° of flex
i o n (The H o s m e r - D o r r a n c e e l b o w 
jo in t allows a m o d e o f free m o t i o n ) . 

• T h e uppe r a rm rotates th rough 90° 
such that w h e n the e l b o w is flexed at 
90°, the forearm can ex tend forward 
from the pa t ien t ' s s ide or b e pos i 
t i oned a n y w h e r e in an arc t e rmina t 
ing wi th the forearm he ld across the 
a b d o m e n . An elast ic strap ex tends 
a round the b o d y b e l o w the dia
p h r a g m . Fi t ted w i th two small straps 
to secure the forearm, th is s trap pro-



Figure 4. The orthosis, medial view, showing locking elbow and rotating components. 

v ides further s tabi l i ty to the a rm dur
ing s t renuous act ivi ty. 

In c o m b i n a t i o n , the above pos i 
t i on ing capab i l i t i e s p rov ide the pa
t ient w i t h a ve ry w i d e r ange of pos i 
t ion ing op t ions . 

CASTING AND 
FABRICATION 

Init ial ly, two plas ter nega t ives w e r e 
m a d e . O n e m o l d w a s taken o f Mr . C . ' s 
forearm and h a n d , the o the r w a s taken of 
h i s humera l sec t ion a n d shoulder , inc lud
ing the pectoral a n d scapular r eg ions . T h e 
m i d area o f the humera l sec t ion mold w a s 
modi f i ed to p rov ide as perfect ly cyl indrical 
a sec t ion as p o s s i b l e . T h e b i c e p s in the i r 
f laccid state could eas i ly a ccommoda te th i s 
modi f i ca t ion , w h i c h w a s necessa ry to 
eventua l ly ensure free rota t ion of the de
v ice in th is reg ion . T h e s a m e type of m o d 
if icat ion w a s also necessa ry in the m i d 
forearm to provide u n h i n d e r e d sup ina t ion 
and p rona t ion . T h e shou lde r cap w a s cast 
w i th the h e a d of the h u m e r u s he ld wel l into 

the g leno id cavity. B e c a u s e of a t rophy in 
th is area, b o n e y p r o m i n e n c e s w e r e par
t icularly apparent and the shou lde r mo ld 
was modi f i ed to re l ieve these a reas . Later , 
a mo lded the rmofoam inser t w a s incorpo
rated in the v a c u u m forming process to 
further protect these sens i t ive areas . 

T h e " a r m " w a s fabr icated o f 1/4" poly
p ropy lene in three d is t inc t v a c u u m form
ing opera t ions (Figure 4 ) . 

T h e first v a c u u m forming w a s of the pa
t ient ' s forearm and h a n d . T h e pos i t ive 
mo ld was pos i t i oned so that the s e a m from 
this m o l d i n g ex t ended a long the radial 
surface of the forearm and , p rox imal to the 
thenar e m i n e n c e , over the do r sum o f the 
h a n d . T h i s s e a m was later t r i m m e d and 
w i d e n e d to al low the pa t ien t ' s a rm to fit 
in to the forearm sec t ion o f the o r thos i s . A 
the rmofoam pad ove r the ulnar s ty loid w a s 
incorpora ted in the final v a c u u m forming . 
T h e pa lmar area o f this sec t ion suppor ts the 
h a n d in p rona t ion . A sec t ion c u p p i n g the 
h y p o t h e n a r e m i n e n c e and lateral b o r d e r o f 
the h a n d suppor ts the h a n d in the " t h u m b s 
u p " pos i t ion . In add i t ion , a w e b b a r he lps 
prevent the l imb from s l ipp ing d o w n w a r d 



Figure 5. Case Setup for second plastic forming. 

Figure 5A. Cross section of Figure 5 to show plaster build ups. 



in the or thos i s w h e n the a rm is fully ex
t ended b y the pa t ien t ' s s ide . T h e w e b ba r 
thus he lps m a i n t a i n the humera l h e a d in 
the g leno id fossa. To gu ide rota t ion a n d yet 
ma in t a in s table length o f the " a r m , " an 
a l u m i n u m r ing was b e n t a round and fas
t e n e d to the forearm sec t ion of the o r thos i s . 
C o p p e r r ivets were u sed , coun te r sunk o n 
the an ter ior of the plas t ic forearm sec t ion 
and g round flush on the outer surface of the 
a l u m i n u m b a n d . T h i s comple t ed plast ic 
sec t ion w a s replaced o n the pa t ien t ' s pos i 
t ive mold (Figures 5 and 5 A ) . 

It w a s necessary , at this po in t , to b r idge 
the gap in the po lypropylene forearm sec
t ion w i t h plaster and to ex tend a plaster 
bu i ld up b e t w e e n the two ends o f the 
a l u m i n u m ring. T h i s w o u l d prevent the 
s econd v a c u u m formed sec t ion of the a rm 
from en te r ing the gap and thus lock ing the 
a rm. B y p resen t ing a con t inuous cyl indr i 
cal surface, full rotat ion o f the first poly
propy lene s leeve w a s pe rmi t t ed w i t h i n the 
s econd (Figure 6 ) . 

T h e s e c o n d v a c u u m formed sec t ion , 
forearm, and arm w a s t r i m m e d and the 
e l b o w jo in t s a t tached us ing copper r ive ts . 
T h e areas of the o lecranon and cubi ta l fold 
w e r e t r i m m e d to al low full f lexion and ex 
t ens ion o f the e lbow. T h e lateral areas w e r e 
left as long as p o s s i b l e to a ccommoda te the 
e lbow uni t s ide bars . The e l b o w lock ing 
un i t was loca ted media l ly so that the ac
tua t ing cable w o u l d ex tend as unob t ru 
s ively as pos s ib l e along the volar surface o f 
the forearm. As the pa t ien t is r equ i red to 
pos i t ion the a rm b y g rasp ing it nea r the 
wr is t , the cab le was ancho red to th i s p o i n t 
(above the rota t ing wr is t sec t ion) and ter
mina tes w i t h a t h u m b r ing. Mr . C. pre
ferred this a r rangement to a n u d g e control . 

It is impor tan t to real ize , in the or ig ina l 
pos i t i on ing of the a l u m i n u m runn ing- r ing 
on the cas t , that e n o u g h r o o m m u s t b e left 
proximal ly to a l low for the a t t achment o f 
the e l b o w jo in t s ide bars . Converse ly , 
e n o u g h r o o m m u s t b e left distally so that 
the rota t ing i n n e r s leeve has e n o u g h bea r -

Figure 6. Plastic rotating mechanism. 



ing surface to r e m a i n s table ( th rough its 
long ax i s ) . T h e s e cons ide ra t ions also apply 
to the ro ta t ing sec t ion of the a rm. 

T h e final s tage o f fabr ica t ion was the 
v a c u u m forming of the shou lde r cap. In 
o rder to m a i n t a i n a large, in tac t surface 
b o t h ove r the shou lder a n d in the pectoral 
a n d scapular areas o f the or thos i s , the 
pos i t ive mold was pos i t i oned so that the 
s e a m l ine for th i s fo rming w o u l d run in 
ferior to the axilla and along the med ia l 
aspec t of the arm. Next , the part ial ly c o m 
ple ted lower sec t ion o f the device w a s 
p u s h e d on to the humera l sec t ion of the 
pos i t i ve mold . It w a s necessa ry to b e ve ry 
careful, at th is s tage , to ach ieve a p roper 
a rm leng th , aga in , in o rder to ma in t a in the 
head o f the h u m e r u s as f irmly as poss ib le 
in the g leno id fossa . T h e s a m e plaster 
modi f i ca t ions u s e d to ensu re full rota t ion 
o f the forearm sec t ion were u s e d to allow 
ro ta t ion o f the humera l sec t ion . O n e quar
t e r i n c h p o l y p r o p y l e n e w a s v a c u u m 
formed ove r the pos i t i ve mo ld and uppe r 
sec t ion o f the a t tached or thos i s . T h e shoul 
der cap w a s t r immed . 

O n l y o n e strap is n e e d e d to securely re
ta in the "o r tho t i c a r m " on the pat ient . T h i s 
is a two inch dacron s tap w i t h Velcro® and a 
pull back loop w h i c h runs from the pectoral 
p la te , infer ior to the axil la, and over the 
pa t ien t ' s b a c k to the scapular p la te . O n e 
addi t ional strap o f e las t ic w e b b i n g , m e n 
t ioned previous ly , ho lds the a rm agains t 
the a b d o m e n w h e n the pa t ien t is j o gg i ng 
or par t ic ipat ing in o ther activit ies that in
vo lve f lexion at the wais t . In this way, the 
strap i m m o b i l i z e s the a rm rotat ion a n d 
supp lemen t s the funct ion o f the scapular 
p la te . 

PREPARATION & VACUUM 
FORMING OF ROTATING 
FOREARM ASSEMBLY 
Figure 5 and 5A 

A . Wr i s t and h a n d sec t ion of o r thos i s 
p u s h e d on to forearm pos i t ive mo ld . 

B . G a p in radial area of the device 
(necessary for d o n n i n g the " a r m " ) 
bui l t up w i th plaster . Area b e t w e e n 
e n d s o f a l u m i n u m r o t a t o r r i n g 

b r idged wi th plaster . A c o n t i n u o u s , 
cyl indr ica l surface is p re sen ted . T h e 
wr i s t -hand por t ion of the dev ice wil l 
freely rotate w i t h i n the forearm sec
t ion w h i c h is vacuum-fo rmed over it. 

C. A ny lon s tock ing is pul led over the 
pos i t ive mo ld a n d or thos i s . It t e rmi
na tes proximal ly to the wr i s t a n d is 
t aped around the wris t u s i n g plas
t ic-electr ical tape at th is po in t . T h e 
ny lon s tock ing is l ight ly adhered to 
all areas w h e r e b r i dg ing occurs , i . e . 
s ides o f r ing and prox imal b o r d e r o f 
or thos is . 

D . D o u b l e faced tape is appl ied over the 
electr ical t ape . 

E . A str ip o f t he rmofoam is w o u n d 
a round the t ape . W h e n the ho t shee t 
o f po lypropy lene is v a c u u m formed 
ove r the cast and p rox imal por t ion of 
the o r thos i s , the the rmofoam, in 
me l t ing to the ho t plas t ic , forms an air 
t ight seal . A cord wrapped a round the 
plas t ic ensures a t ight seal w i t h the 
the rmofoam and this s e c o n d v a c u u m 
forming wil l draw in t imate ly to the 
pos i t ive mo ld and i nne r s leeve w h i c h 
w o u l d o the rwi se have to b e d raped 
ove r the ex t reme end o f the h a n d sec
t ion . C o m p l i c a t e d t r imming o f excess 
plast ic is also avo ided . T h e ho t poly
p ropy lene ne i t he r adheres to, no r 
marks , the cold p i ece over w h i c h it is 
vacuum formed. 

T h i s m e t h o d o f set up and v a c u u m 
forming was used to produce the ro ta t ing 
m e c h a n i s m s of the forearm and humera l 
sec t ion (Figure 6 ) . 

FURTHER 
CONSIDERATIONS 

S i n c e the pat ient has re turned to work as 
a c o m p u t e r p rog rammer , a de tachab le dor
sal spr ing wire radial ass is t has b e e n added 
to the h a n d por t ion of the o r thos i s . T h i s 
a t t achment supp lemen t s the w e a k ex ten
s ion of the th i rd , fourth, and fifth digi ts 
that affects the h a n d after several hours o f 
work. 

Persp i ra t ion has b e e n a p r o b l e m wi th 
the o r thos i s , part icular ly in v i e w of Mr . 



C. ' s athlet ic pursu i t s . A s a c o n s e q u e n c e , 
ven t i l a t ion ho les h a v e b e e n dri l led in the 
pectoral plate a n d ex tens ive ly a long the 
volar aspec t of the forearm. T h e a l u m i n u m 
runn ing r ings , espec ia l ly that o f the fore
arm rotator , h a v e b e c o m e enc rus t ed wi th 
salt depos i t s . F o r this r eason , p las t ic 
shou ld pe rhaps b e u sed for the rotator 
r ings . 

T h e del icate na ture o f the Hosmer-Dorrance e l b o w lock ing jo in t is also a p r o b l e m . 
W h e n such an or thos i s is m a d e i n the fu
ture, it m igh t b e advan tageous to fabricate 
a s ta in less s teel , p lunger type lock ing jo in t . 
It would b e waterproof, s impler , and more 
durable . In te rna l iz ing the e l b o w uni t s ide 
bars w o u l d b e poss ib l e u s ing a heav i e r 
gauge of steel (for t apping) than is ava i lab le 
in the commerc ia l e l b o w j o i n t s . 

SUMMARY 
In conc lus ion , i t mus t b e p o i n t e d out 

that , as w i th any o r thos i s , the success o f 
the dev ice d e p e n d s heav i ly o n the a t t i tude 
a n d e n t h u s i a s m o f the pa t ien t . It w a s on ly 
b e c a u s e o f the apparen t and c o n s e q u e n t 
de te rmina t ion o f Mr . C. to use such a de 
v i ce , that the " a r m " w a s m a d e and e m 
ployed successfully. 
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