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T h e pract ice of lower- l imb orthot ics v a r i e s 
c o n s i d e r a b l y throughout N o r t h A m e r i c a . 
H o w e v e r , there are three b a s i c types of or­
thoses a v a i l a b l e : convent ional meta l -and-
leather, m o l d e d plast ic , a n d electrical 
s t imulat ion devices . 

T h e design of convent ional m e t a l - a n d -
leather sys t ems has not changed much over 
the p a s t several years . T h e use of a l u m i n u m 
a n d p r e f o r m e d c o m p o n e n t p a r t s p r o b a b l y 
represents the mos t significant i m p r o v e m e n t 
ach ieved in this a p p r o a c h to orthot ics . C o n ­
vent ional meta l -and- leather or thoses still en­
joy w i d e s p r e a d u s a g e throughout N o r t h 
A m e r i c a , but p last ics h a v e begun to at ta in 
p o p u l a r i t y in the fabr icat ion of m a n y types 
of lower- l imb orthoses , par t i cu lar ly for cor­
rection of ank le a n d foot p r o b l e m s . 

T h e Orthopedic Appliance Atlas (6) 
publ i shed in 1952 , refers to over a dozen dif­
ferent types of p last ics for use in orthot ics , 
but m o s t of these mater ia l s p r o v e d not to be 
very useful in orthot ics a n d prosthet ics , a n d 
p las t ics did not find m u s h u s a g e in the field 
until 1968, when G o r d o n Y a t e s publ i shed a 
p a p e r in Orthopaedics: Oxford (13) in which 
he d i scussed the use of p o l y p r o p y l e n e a n d 
A B S in orthot ics . Fo l lowing Dr . Yates ' visit 
to the United S t a t e s in 1969, the use of ther­
m o p l a s t i c s b e g a n to increase, s lowly at first, 
but b y the mid-70's , s o m e f o r m of p las t ics 
cou ld b e found in m o s t orthot ic facilities in 

N o r t h A m e r i c a . 
T h e r m o s e t t i n g resins such a s the po lyes ­

ters, acryl ics , a n d epoxies were app l i ed with 
cons iderab le success in prosthet ics , a n d were 
carr ied over natura l ly into orthot ics . 
H o w e v e r , thermosets could not wi ths tand 
the cont inued high impact a n d flexion 
stresses that occur in an orthos i s dur ing 
a m b u l a t i o n a n d , thus, cons iderab le b r e a k ­
a g e occurred . 

W h e n t h e r m o p l a s t i c s s u c h a s 
p o l y p r o p y l e n e , polyethylene , A B S , etc. 
were first used in orthot ics , m a n u f a c t u r e r s 
were a s unfami l iar with their app l i ca t ion as 
were orthot is ts . Research w o r k e r s found 
that thermoplas t i c s h a d v a r y i n g degrees of 
flexibility, impact strength, color , a n d form-
abi l i ty . Select ion of the a p p r o p r i a t e 
mater ia l w a s difficult. T o d a y , w e h a v e over 
100 different u s a b l e mater ia l s to c h o o s e 
f rom, a n d n u m e r o u s var ia t ions of e a c h . 

P o l y m e r s , b o t h thermosett ing a n d ther­
m o p l a s t i c , are n o w used widely in the field 
of orthot ics . 

Dr . R ichard Lehneis a n d his staff at the In­
stitute of Rehabi l i tat ion Medic ine (5) h a v e 
contr ibuted m u c h to the a d v a n c e m e n t of the 
use of thermosets in orthot ics . Dr . Lehneis 
d id not s imply subst i tute p last ics for meta ls , 
but he used a concept of total contact to im­
p r o v e function by a p p l y i n g pressure direct­
ly. T h e so l id-ankle orthos is (Fig. 1), the 



s u p r a c o n d y l a r knee-ankle- foot or thos i s (Fig. 
2) , the s u p r a c o n d y l a r knee orthos i s , a n d the 
l a m i n a t e d a b o v e - k n e e orthos i s a r e but a few 
e x a m p l e s . 

v i d e s M - L control , a n d pressure in the 
popl i tea l a r e a prevents excess ive recurvatum. A n addi t iona l a d v a n t a g e is that 
v a r i o u s types of shoes can be w o r n with this 
s y s t e m wi thout modi f i ca t ion of the shoes . 

T h e s u p r a c o n d y l a r knee orthos i s ( S K O ) is 
a spin-off f r o m the S K A . By v irtue of its 
des ign, the knee is control led in the M - L 
p lane , a n d b y app l i ca t ion of a three-point-
p r e s s u r e s y s t e m , genu r e c u r v a t u m is con­
trol led. 

T h e so l id -ankle orthos i s is des igned to im­
mobi l ize the ankle - foot complex a n d is in­
d icated in cases where ank le m o t i o n p r o ­
duces p a i n or to control or reduce severe 
spast ic i ty . It w a s f o u n d that the total con­
tact, a n d the fact that pres sure is d is tr ibuted 
over a large a r e a , c a u s e the patient to ga in 
better pos i t ion sense through sensory feed­
b a c k . 

T h e s u p r a c o n d y l a r knee-ankle- foot or­
thosis ( S K A ) can be used a s a subst i tute for 
the convent iona l knee-ankle- foot or thos i s 
( K A F O ) . It permits free knee flexion, p r o ­
v ides a knee extension m o m e n t in the s tance 
p h a s e , p r o v i d e s rigid ank le control in b o t h 
the medio- la tera l a n d the anter ior-poster ior 
p lanes; the extension a b o v e the knee p r o ­

With the addi t ion of convent iona l metal 
knee joints , the l a m i n a t e d s ingle-bar or thos i s 
(Fig. 3) a n d the laminated d o u b l e - b a r a b o v e -
knee orthos i s (Fig. 4) were deve loped . T h e 
single b a r is app l i ed in cases of severe genu 
v a l g u s or v a r u s , a n d r e c u r v a t u m is easi ly 
contro l led . T h e p las t i c - laminate knee-ankle-
foot or thos i s can be subst i tuted for the con-

Fig. 1. Laminated solid ankle-foot orthosis 

Fig. 2. The supracondylar knee-ankle-foot or­
thosis laminated 



Fig. 3. Laminated single-bar knee-ankle-foot or­
thosis. 

Fig. 4. Laminated double-bar above-knee orthosis 

Fig. 5. The spiral ankle-foot-orthosis developed 
at the Institute for Rehabilitation Medicine, N e w 
York University. This particular unit was formed 
from polypropylene. The original design used the 
clear acrylic nylon thermoplastic known as Plexi­
dur. 

vent ional meta l -and- leather orthos is , a n d 
the laminated q u a d r i c e p s section p r o v i d e s 
great ly i m p r o v e d function through m o r e 
c o m f o r t a b l e weight-bearing , better control 
of the hip, i m p r o v e d cosmes i s , a n d the abil i­
ty to interchange a w ide v a r i e t y of shoes . 

T w o m e t h o d s h a v e been devised for the 
handl ing of thermoplast ics : h a n d - f o r m i n g or 
v a c u u m - f o r m i n g techniques. H a n d - f o r m i n g 
is c o m m o n l y used when w o r k i n g with 
acryl ic ny lons such as Plexidur b e c a u s e of 
difficulties that occur in v a c u u m - f o r m i n g . 

T h e I R M spiral A F O (Fig. 5) is one e x a m ­
ple of a h a n d - f o r m e d thermoplast ic device . 
T h i s sy s t em is intended for the totally flail 
ankle- foot complex . T h e orthos i s completes 
a 360 deg . turn a r o u n d the extremity a n d 
p r o v i d e s control led plantarf lex ion, dorsiflexion, evers ion, a n d invers ion of the foot . 
T h e hemispiral is a modi f icat ion in that it 
m a k e s a 180 deg. turn a r o u n d the l imb a n d is 
des igned to p r o v i d e control aga ins t equ ino 
v a r u s . 

Polyolef ins , such as p o l y p r o p y l e n e a n d 
polyethylene , are easi ly a d a p t e d to orthot ics 
a n d can be m o l d e d either by hand or by 
v a c u u m forming techniques. 



Fig. 6. The molded polypropylene ankle-foot-or-
thosis developed at the Texas Institute for Reha­
bilitation and Research. 

Fig. 7. Molded polypropylene ankle-foot or­
thosis. 

T h e p o l y p r o p y l e n e c o r r u g a t e d dorsiflexion assis t , or T I R R A F O (3) (Fig. 6) a s it is 
p o p u l a r l y referred to, w a s d e v e l o p e d a b o u t 
1968 b y T h o r k i l d Engen at the T e x a s In­
stitute for Rehabi l i tat ion a n d Research . T h e 
present d a y T I R R ankle - foot or thos i s evo lv ­
ed f rom several different des igns over a 
per iod of t ime. M r . Engen used total contact 
a n d the abi l i ty to control rigidity in the or­
thosis to effect contro l of the ankle- foot a n d 
to i m p r o v e a m b u l a t i o n . T h e T I R R device 
p r o v i d e s dorsi f lexion ass ist a n d a d d e d 
medio la tera l control of the ankle . T h e 
sys t em weighs a p p r o x i m a t e l y 4 oz . a n d per­
mits a large selection of s h o e s a s long a s heel 
height is mainta ined . M r . Engen h a s carr ied 
the concept of the p o l y p r o p y l e n e c o r r u g a t e d 
dors i f lexion ass ist to include other des igns 
such a s knee-ankle- foot or thoses h a v i n g 
either s t a n d a r d metal knee joints or plast ic 
jo ints . 

V a r i o u s v a c u u m forming techniques h a v e 
been utilized in the deve lopment of orthot ic 
s y s t e m s . O n e m e t h o d a l l o w s for the h a n d 

d r a p i n g of the mater ia l over the model a n d 
the app l i ca t ion of a v a c u u m through the 
m o d e l . 

N u m e r o u s or thoses of v a r y i n g des igns 
h a v e been d e v e l o p e d us ing these two techni­
ques . T h e m o l d e d ankle - foot or thos i s (Fig. 7) 
is in total contac t with the pos ter ior a n d 
p l a n t a r sur face of the foot a n d is an effective 
m e a n s of control l ing the ankle , subta lar , a n d 
forefoot . Rig idi ty is control led b y geometr ic 

s h a p e , cross -sect ional area , a n d selection of 
mater ia l s . T h e use of thermoplas t i c s a n d 
v a c u u m f o r m i n g techniques permit s the 
fabr ica t ion of or thoses with v a r y i n g 
a m o u n t s of rigidity a b o u t the ank le (Fig. 8 ) . 
In addi t ion , ank le pos i t ioning can be used ef­
fectively to p r o d u c e either a knee flexion or 
extens ion m o m e n t dur ing the s tance p h a s e of 
gai t (Fig. 9 ) . T o t a l contact i m p r o v e s 
c o s m e s i s in that the orthos i s can be covered 
with a s tock ing or a b o o t , or it m a y be 
pa in ted (10) . 



Fig. 8. Rigidity about the ankle of a molded A F O is controlled by geometric shape, thickness, 
and properties of the material used. 

Fig. 9. Two views showing the effect of ankle alignment of an A F O on control of the knee joint. The vertical line repre­
sents the actual weightline of the subject. 



T h e staff at R a n c h o L o s A m i g o s Hosp i ta l 
has deve loped a n a d j u s t a b l e ankle- foot or­
thosis (Fig. 10) which enables the eva lua t ion 
of the effectiveness of ank le pos i t ioning dur­
ing a m b u l a t i o n , a n d at the s a m e time, m a i n ­
tains the a d v a n t a g e of light weight . 

T h e r m o p l a s t i c s h a v e a l s o been used effec­
tively in the treatment of fractures of the 
long b o n e s of the lower l imb. Dr . A u g u s t o 
S a r m i e n t o , Univers i ty of M i a m i , is using O r -
thoplas t , a synthetic b a l a t a , to p r o v i d e cir­
cumferent ia l control of a fracture site (Fig. 
11) . He h a s f o u n d that it is not necessary to 
u n l o a d total ly an extremity in order to p r o ­
v ide g o o d m a n a g e m e n t of fractures (1). T h e 
staff of the K r u s e n Center for Research a n d 
Engineering, has f o u n d that the addi t ion of 
an anterior sect ion to the m o l d e d ankle- foot 
or thos i s (Fig. 12) achieves c ircumferential 
control , a s well. Both of these m a n a g e m e n t 
techniques permit the pat ient to a s s u m e 
m o r e n o r m a l act iv i ty i n a s m u c h as conven­
tional f o o t w e a r m a y be worn , the pat ient 
can bathe regular ly , the sys t ems are light in 
weight , and open w o u n d a r e a s are easi ly 
cared for while b o n y a l ignment is mainta in­
ed (11) . 

Fig. 10. Adjustable ankle-foot orthosis developed 
at Rancho Los Amigos Hospital. 

Fig. 11. Ankle-foot orthosis custom molded in 
place with synthetic balata used for management 
of tibial fractures. 

Fig. 12. Ankle-foot orthosis custom molded of 
polypropylene for management of tibial frac­
tures. 



T h e r m o p l a s t i c s are especial ly useful in the 
orthot ic m a n a g e m e n t of the knee . T h e use of 
mater ia l s such a s p o l y p r o p y l e n e and low 

densi ty po lyethy lene permit the d e v e l o p ­
ment of s y s t e m s that can total ly immobi l i ze 
the knee joint aga ins t flexion, extension, 
v a l g u s , a n d v a r u s (Fig. 13) . Low-dens i ty 
po lyethy lene is very useful when rigidity a n d 
flexibiltiy a r e des ired in the s a m e or thos i s . 
G e o m e t r i c s h a p e , due to contour ing of the 
l imb a n d the add i t ion of c o r r u g a t i o n , c a u s e s 
the orthos i s to be rigid in b o t h p lanes , but 
c ircumference can be increased or decreased 
to a c c o m o d a t e swell ing that might occur as a 
result of q u a d r i c e p s rupture or joint bleeding 
s e c o n d a r y to hemophi l ia . Lightweight 
s y s t e m s of this s a m e des ign h a v e been used 
in the orthot ic m a n a g e m e n t of pat ients with 
m u s c u l a r d y s t r o p h y a n d a r t h r o g r y p o s i s . 

M o l d e d k n e e - a n k l e - f o o t o r t h o s e s 
( K A F O ' s ) with mechanical knee joints (Fig. 
14) h a v e f o u n d w i d e s p r e a d u s a g e b e c a u s e 
total contact p r o v i d e s better control of the 

ank le a n d knee. T h e y are light in weight, a p ­
p r o x i m a t e l y 960 g r a m s or just over 2 lbs . , 
depend ing u p o n the size a n d weight of the 
pat ient . Bi lateral m o l d e d K A F O ' s i m p r o v e 
a n d increase mobi l i ty , a n d better l imb con­
trol a n d increased endurance are faci l i tated 
by their use . 

Fractures of the femur h a v e a l s o been 
m a n a g e d by the use of the m o l d e d K A F O , 
but the staff at R a n c h o L o s A m i g o s Hosp i ta l 
(9) h a s taken a rather unique a n d s o m e w h a t 
different a p p r o a c h in that they permit full 
knee and hip flexion while p r o v i d i n g full cir­
cumferent ial control (Fig. 15) . T o t a l hip con­
trol h a s been p r o v i d e d with thermoplas t i c 
pelvic hip femoral devices . Extens ive b r a c ­
ing, such as thorac ic-hip-knee-ankle- foot or­
thosis can p r o v i d e a l m o s t comple te im­
mobi l i za t ion of the long b o n e without a d ­
d ing excess ive weight or bu lk . 

U n i q u e s y s t e m s are a l so a v a i l a b l e for 
orthot ic m a n a g e m e n t of children, by s imply 
modi fy ing the s y s t e m s deve loped for adu l t s . 

Fig. 13. Molded low density polyethylene K A F O 
for total immobilization of the knee joint. 

Fig. 14. Molded polypropylene-polyethylene 
K A F O . 



Fig. 15. K A F O used in management of femoral 
fractures. Pelvic hip femoral orthosis for proxi­
mal femoral fracture immobilization. 

Fig. 16. Ankle-foot orthosis with anterior sup­
port used for patients with myodysplasia. 

C ircumference can be increased easi ly to ac ­
c o m m o d a t e for growth , a n d if m a x i m u m 
length of the lever a r m is p r o v i d e d at the in­
itial fitting, g r o w t h of 2 to 3 inches can be ac ­
c o m o d a t e d . 

T h e use of m o l d e d plast ics with children 
requires c lose superv i s ion to prevent the oc­
currence of pres sure a r e a s , a n d the d e v e l o p ­
ment of de formity m a y be reduced . 

T h e convent iona l m e t h o d of brac ing the 
child that h a s m y e l o d y s p l a s i a is with metal -
and- leather in the form of a h ip-knee-ankle-
foot or thos i s ( H K A F O ) . John G l a n c y (4) h a s 
descr ibed a n a l ternate m e t h o d us ing ther­
m o p l a s t i c s (Fig. 16) . T h e "sol id-ankle" or­
thosis uses the f loor react ion principle to 
p r o d u c e a knee extension m o m e n t dur ing the 
s tance p h a s e of gai t . 

M o b i l i t y a i d s for children a l s o fall under 
the heading of lower- l imb orthoses; they are 
s u p p o r t i v e , correct ive , a n d ass i s t ive . T h e 
child with sp ina bif ida must encounter the 
s a m e dai ly life experiences a s a n o r m a l child 
in order to h a v e n o r m a l psycho log ica l 
g r o w t h , but the child with sp ina bif ida re­
quires special care f r o m birth. S y s t e m s h a v e 
been deve loped by Col in M c L a u r i n , D o u g l a s 
H o b s o n , W a l l y M o t l o c h , a n d Dwight 
Driver , (8 ,12 ,7 ) to p r o v i d e mobi l i ty to this 
c lass of pat ients . With these sys t ems (Figs. 17 
a n d 18) , the child can be held safely , can sit 
a n d learn a b o u t his s u r r o u n d i n g s b y use of 
head a n d eye m o v e m e n t s , sit independently 
a n d use his a r m s a n d hands , m o v e a b o u t a n d 
exp lore , then s tand , a n d for the first time not 
be required to a l w a y s look u p . 

T h e mos t recent new a p p r o a c h to b r a c i n g 
h a s been in the f o r m of functional electrical 
s t imulat ion (FES) for pat ients with upper 
m o t o r neuron d i sorders (2) . T w o s y s t e m s a r e 
a v a i l a b l e : surgical ly implanted a n d external­
ly app l i ed (Fig. 19) . T h e fact that the p a ­
tient's reflex a r c is intact enables the 
per ipheral nerves a n d musc les to receive 
s t imulat ion . S t imula t ion is triggered by a 
foot switch as the heel l eaves the g r o u n d . 
T h e anter ior musc les are s t imulated , caus ing 
dors i f lexion, until heel strike occurs a g a i n . 
Both external a n d internal sy s t ems require 
c o n s i d e r a b l y m o r e research a n d d e v e l o p ­
ment be fore rout ine clinical app l i ca t ion can 
be expected . Research is a l so being con-



Fig. 17. Memphis Rehabilitation Engineering 
Center plastic upright positioner orthosis— 
(PUP). 

Fig. 18. PUP system with mobility cart. 

Fig. 19. Patient with peroneal functional electri­
cal stimulation device in place. The electrodes in 
this case are external to the body. 

ducted to a s s e s s the effects of F E S in conjunc­
tion with external orthot ic m a n a g e m e n t . 
M u s c l e re sponse var ies a m o n g pat ients , but 
a p p e a r s m o r e effective in the p r o x i m a l jo ints 
a n d seems to i m p r o v e overal l a m b u l a t o r y 
funct ion. 

T h e current d e c a d e has been o n e of 
t r e m e n d o u s c h a n g e in the field of orthot ics . 
M e t h o d s of pat ient e v a l u a t i o n h a v e i m p r o v ­
ed, result ing in m o r e a c c u r a t e detai led 
descr ipt ion a n d class i f icat ion of patients' 
dys funct ion . N e w mater ia l s a r e b e c o m i n g 
a v a i l a b l e that lend themselves to un ique or­
thotic m a n a g e m e n t . T e c h n i q u e s of f a b r i c a ­
tion a r e changing , permit t ing c u s t o m des ign­
ing of orthot ic s y s t e m s , which m a y a p p e a r 
s imple a n d uncomplex , but ac tua l ly require 
cons iderab le k n o w l e d g e for prescr ipt ion 
d e v e l o p m e n t a n d fabr icat ion . T h e orthotist 
of t o d a y cannot be just a n ar t i san , skil led at 
fabr icat ion , but he or she m u s t be 
k n o w l e d g e a b l e in the a r e a s of a n a t o m y 
p h y s i o l o g y , mater ia l s , a n d engineering prin­
ciples . 



In addi t ion , there must be free a n d open 
c o m m u n i c a t i o n a m o n g all m e m b e r s of the 
clinical t e a m — p h y s i c i a n s , surgeons , orthotists, nurses , therapis ts , engineers , a n d 
psycho log i s t s . Research d i s seminat ion a n d 
educat iona l p r o g r a m s are m a n d a t o r y in 
order to faci l i tate the uti l ization of orthot ic 
s y s t e m s a n d techniques . T h e A m e r i c a n 
A c a d e m y of Orthot i s t s a n d Prosthet i s ts h a s 
a s s u m e d responsibi l i ty for content a n d a d ­
minis trat ion of cont inuing educat ion in the 
Uni ted S ta te s , not only for the orthot ist , but 
for a n y m e m b e r of the clinical team. Pract i ­
t ioners a r e kept u p to d a t e with new techni­
ques , p r o c e d u r e s , mater ia l s , a n d s y s t e m s a s 
they a r e d e v e l o p e d . 

T h e respons ib i l i ty for educat ion of those 
w h o are entering the field of orthot ics is left 
to the univers i t ies . It is not the p u r p o s e of 
the univers i ty to teach fabr icat ion of every 
dev ice a v a i l a b l e , but to d e v e l o p a b a s i c 
k n o w l e d g e of concepts a n d principles of or­
thotic m a n a g e m e n t a n d , through g o o d af­
filiation p r o g r a m s , r o u n d out the s tudents ' 
educat ion . Like all other profess ions , the orthotist's experience real ly beg ins when he or 
she enters clinical pract i ce a n d cont inues 
throughout the profess ional career. 

A d v a n c e m e n t in lower- l imb orthot ics is 
dependent not only u p o n our cont inuat ion 
of research but a l s o on our abi l i ty to 
d i s seminate a n d transfer k n o w l e d g e ga ined 
through research to the orthot ic pract i t ioner . 
Wi thout the transfer of informat ion , our 
research will be of little v a l u e . 
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