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INTRODUCTION 
In m a n y spast ic hemip l eg i c pa t ien ts 

w i t h funct ional equ inova rus deformit ies 
and ankle ins tab i l i ty dur ing ambu la t ion , 
conven t iona l i n - the - shoe ankle foot or tho
ses ( A F O ' s ) w h e n fabr ica ted to provide 
good medio la te ra l stabil i ty, cause exces 
s ive f lexion m o m e n t at the knee at hee l 
s t r ike , caus ing k n e e instabi l i ty . T h e y also 
often l imi t dors i f lexion e n o u g h to result in 
exacerba t ion o f the p r o b l e m o f genu recurvatum at toe-off. O n the o ther h a n d , if the 
or thos i s is f ixed to t h e shoe externally, 
s t imula t ion o f the ba l l o f the foot wi l l often 
cause excess ive ex tensor spast ici ty, r e 
sul t ing in inc reased ene rgy expend i tu re 
and m o r e difficult gai t . 

T h e D e n v e r " T " A F O , deve loped in the 
Or tho t i c s Labora to ry at the D e n v e r Veter
an ' s Admin i s t r a t i on Medica l Cen te r , is a 
cus tom-molded or thos i s w h i c h p rov ides 
excel lent medio la te ra l s tabi l i ty wh i l e al
l o w i n g relat ively free ankle dors i f lexion. It 

p rov ides mi ld to modera t e dors i f lexion as 
s is t w h i c h m a y b e va r i ed according to pa
t ient r e q u i r e m e n t s , b u t does no t p rov ide 
excess ive plantar f lexion res i s tance at hee l 
s t r ike . Prec i se t r i m m i n g pos te r ior to the 
metatarsal heads prevents excess ive st i
mu la t ion o f ex tensor spas t ic i ty , a n d the 
po lye thy lene mater ia l f rom w h i c h it is fab
r ica ted is ex t remely l ight in we igh t and 
f lex ib le , caus ing the or thos i s to b e wel l -
accep ted b y pa t ien ts . 

T h i s o r thos i s is m o s t effective in those 
h e m i p l e g i c pa t ien t s w h o exh ib i t s o m e toe 
and ankle dors i f lexion as par t o f a m a s s 
f lexion pat tern , b u t w h o canno t control th is 
dors i f lexion th roughou t the gai t cyc le , and 
w h o m a y have equ inova rus pat tern at 
s tance phase and /o r ank le instabi l i ty . It i s 
also o f u se in t hose pa t ien ts w h o have s o m e 
l imi ted dors i f lexion, b u t lose th is as t hey 
b e c o m e fa t igued. It ha s general ly no t b e e n 
useful in pa t ients w h o have no ankle dor
s i f lexion, and should b e u sed w i t h cau t ion 
w h e r e there is i n sensa t e sk in . 



DESCRIPTION OF 
TECHNIQUE 

Pat ien ts are evaluated b y the Or tho t i c 
C l in i c T e a m , cons i s t i ng o f a Rehab i l i t a t ion 
M e d i c i n e Phys i c i an , Or tho t i s t , and P h y s i 
cal Therap is t pr ior to the prescr ip t ion o f the 
o r thos i s . Cr i ter ia for trial o f th is o r thos i s 
are as follows: The pa t i en t has o r has near ly 
ach ieved max ima l neu romuscu la r funct ion 
through opt imal rehab i l i t a t ion . T h e pa
t ient exh ib i t s s o m e ankle dorsif lexion in or 
out of mass pat tern . S k i n sensa t ion is no t 
totally absen t . Modera t e to severe spas t ic 
ity is no t a cont ra ind ica t ion to use o f this 
o r thos is . If p o s s i b l e , gai t is eva lua ted u s ing 
a pre-fabr ica ted " T " or thos i s of appropr i 
ate s ize . 

After m a r k i n g b o n y p r o m i n e n c e and 
t endons , a nega t ive m o l d is m a d e in a s i t 
t ing pos i t ion wi th the knee and ankle at 90° 
a n d the foot flat o n the floor. A pos i t ive 
mold is poured and a 3/4" p ipe w i th v a c u u m 
ho le is inser ted . Modi f i ca t ions inc lude re
l ief ove r the mal leol i and o ther b o n y 
p r o m i n e n c e s and ex tensor t endons . T h e 
pos i t ive mold is then sea led and prepared 
for vacuum-fo rming . A shee t o f 3 / 1 6 " Vitrathene® is cut to p roper s i ze , hea t ed to 
approx imate ly 190°C, and vacuum-fo rmed 
over the mo ld u s ing approx ima tey 20" H g 
nega t ive pressure . Edges are b rough t to
ge ther to form a seal in the an te r io r mid
l ine . 

After cur ing at r o o m tempera ture for 24 
hours , t r im l ines are m a r k e d as s h o w n 
(Figures 1 a n d 2 ) . Overa l l he igh t o f the or
thos is is 2 .5" above the super ior b o r d e r o f 
the med ia l mal leolus . T h e pos te r ior cutout 
ex tends from two i n c h e s be low the top of 
the or thos i s to the apex of the ca lcaneus , 
and laterally to 1/2" b e h i n d the pos te r io r 
edges of the mal leol i . T h e anter ior t r im l ine 
ex tends from the cuff sec t ion posterocaudally to the anter ior borders o f the mal leo l i , 
mid- la teral aspect o f the foot, and plantar 
surface pos ter ior to the metatarsal heads . 
T h e plantar surface is carefully beve l ed for 
comfort a n d even pressure d i s t r ibu t ion . 
T h e or thos is is f in i shed wi th a 1 1/2" Velcro® 
strap and Chafe -keepe r (Figure 3 ) . T h i s 
m a y b e adapted for va r ious uppe r ex t rem-

Figure 1. Anterior trim lines. 

Figure 2. Posterior and lateral trim lines 



Figure 3. Finished orthosis. 

Figure 4. Finished orthosis. 

i ty d i sab i l i t i es . T h e pa t ien t wil l general ly 
requi re shoes o n e s ize w i d e r than h i s nor
mal w id th to a ccommoda te the or thos is . 

A smal l to modera t e increase in dors i 
f lexion assis t m a y be ach ieved b y increas 
ing the he igh t of the or thos is and/or in
c reas ing the wid th of the vert ical s ide por
t ion. T h e pos te r ior cuff, w h i c h is usual ly 
split (Figure 4) to inc rease f lexibi l i ty and 
ease o f d o n n i n g , m a y b e left sol id if more 
dors i f lexion is n e e d e d . In cases of severe 
spast ici ty, a B o b a t h toe spreader has occa
s ional ly b e e n used wi th the D e n v e r " T " 
A F O wi th excel lent resul ts . 

T h e or thos is is fit over the pa t ient ' s 
normal s tocking , and checked for adequa te 
rel ief of p ressure over b o n y p r o m i n e n c e s 
and t endons (Figure 5 ) . T h e pa t ien t then 
wears the or thos is for a short t ime , after 
w h i c h the or thot is t checks for skin p rob 
lems and m a k e s necessa ry ad jus tments . If 
there is an al terat ion in skin sensa t ion , the 
pa t ien t is ins t ruc ted to check the skin at 
regular intervals and gradual ly increase 
w e a r i n g t ime over the first two w e e k s of 
use . T e l e p h o n e fol lowup has b e e n done at 

six w e e k s , th ree m o n t h s , and s ix m o n t h s , 
and pat ients are told to contac t the or thot is t 
if they expe r i ence any p r o b l e m s w i t h the 
o r thos i s . 

DISCUSSION 
T h i s o r thos i s w a s evaluated at the D e n 

v e r V e t e r a n s A d m i n i s t r a t i o n M e d i c a l 
C e n t e r w i th 17 h e m i p l e g i c pa t ien ts for 
three to 20 m o n t h s . S ix teen o f the pa t ients 
w e r e successful users , w h i l e o n e , w h o h a d 
a concomi t an t ne rve injury and insensa te 
foot, d i scon t inued use due to sk in b reak
down. All pa t ients w h o h a d prev ious ly 
used double upr igh t o r thoses or poly
propylene A F O ' s found the D e n v e r " T " 
ankle foot o r thos i s super io r in comfor t , 
c o n v e n i e n c e , l ight w e i g h t , and s tabi l i ty to 
the i r p rev ious o r thoses . Cl in ica l gait eval
ua t ions s h o w e d i m p r o v e m e n t of gait in all 
pa t ien ts eva lua ted . Formal b i o m e c h a n i c a l 
analys is o f the o r thos i s is p l anned , and ap
pl icat ion of these pr inc ip les to o ther or
thot ic p r o b l e m s is b e i n g explored . 



Figure 5. Orthosis is worn over 
regular stocking inside pa
tient's choice of shoe. 

CONCLUSION 
T h e D e n v e r "T" ankle-foot o r thos i s rep

resen ts an effective n e w approach to the 
p rob lem of funct ional equ inova rus defor
mi ty a n d ankle ins tab i l i ty in se lec ted 
hemip l eg i c pa t ien ts . It is de s igned to m a k e 
use of neurodeve lopmenta l p r inc ip les to 
m a x i m i z e gait efficiency, and is excep t ion
ally wel l -accepted b y pa t ien ts . 
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