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INTRODUCTION 
T h e lateral ba r , h i p , k n e e and ankle foot 

o r thos i s ( H K A F O ) w a s deve loped for pa
t ien ts w h o n e e d an or thos i s b e y o n d the 
P a r a p o d i u m , deve loped b y W . M . Mot lock , 
at the O n t a r i o Cr ipp led Chi ld ren ' s Cen te r , 
Toron to , C a n a d a . T h i s o r thos i s ha s b e e n 
successful ly u sed for pa t ients w i t h m u s 
cular dys t rophy, sp ina b i f ida , cerebra l 
pa lsy a n d t raumat ic in jur ies resu l t ing in 
pa rapareses o r paraplegia . Var ia t ions in 
des ign and mater ia l s have m a d e i t pos s ib l e 
to fabr icate o r thoses for a b road age group 
o f pa t ien ts wi th neu romuscu la r involve
m e n t . In t he case o f sp ina b i f ida , t he pa
t ien t w h o gradua tes to the H K A F O from a 
Pa rapod ium wil l sacr if ice the free s tand ing 
feature o f the Pa rapod ium, bu t m a y gain 
the oppor tun i ty to ambu la t e w i th a rec ip
roca t ing or sw ing - type gai t (Fig. 1 ) . 

A s m a n y o f ou r pa t i en t s approach 
ado lescence , t hey express the des i re to b e 
c o m e i n d e p e n d e n t ; an or thos is that is cos 
met ica l ly accep tab le is o f great impor tance . 
Accep t ance o f the or thos i s is m a d e eas ie r 
b e c a u s e the o r thos i s can b e cove red , a n d 
the pa t ien t can funct ion w i t h n e w f reedom. 
In the t r ea tmen t o f m a n y pa t i en t s , t he n e e d 
to cont ro l k n e e , ankle and h i p contrac tures 

Fig. 1. Patients can use a reciprocating or swing-
through gait with the orthosis. 



Fig. 2. A body jacket or anterior shell is used when 
an exaggerated lumbar curve and a forward lean are 
present. 

Fig. 3. Conventional double upright designs are 
bulkier and have a higher incidence of breakage. 

to facil i tate future ambu la t ion is an ever-
present cha l lenge . T h i s o r thos i s , wi th a 
th ree -po in t force des ign , ma in t a in s a neu 
tral knee , ankle , and h ip , once contractures 
have been reduced by phys ica l therapy or 
surgery . W h e n h ips are so cont rac ted that 
an exaggera ted l u m b a r curve is v i s ib le and 
a forward lean is p resen t , a b o d y jacke t or 
an an te r io r thorac ic a b d o m i n a l shell or a 
pad m a y b e used to create a coun te r force 
(Fig. 2 ) . 

In t he past , doub le upr igh t o r thoses wi th 
knee pad des ign were m a d e o f a l u m i n u m 
(Fig. 3 ) . T h e s e o r thoses w e r e no t only 
bu lky , b u t funct ional ly they fell shor t o f 
a ccompl i sh ing i n d e p e n d e n c e for t he aver
age pat ient . The b reakage rate w a s very 
h igh , resul t ing in the device spend ing 
more t ime in the lab than on the pat ient . 

T h e b reakage p rob lem has b e e n reduced 
wi th the use o f s ta inless steel for s t rength 
and po lypropy lene for f lexibi l i ty . 

T h e b e n e f i c i a l f e a t u r e s o f t he 
Pa rapod ium were not present in the stan
dard doub le upr igh t with knee pads and 
pelvic band . T h e foremost accompl i shment 
in the design of the H K A F O was to main
tain the three-point force sys tem as in the 
Parapodium (Figs . 4 A , 4 B ) . T h e conven
tional doub le upr igh t wi th pelv ic b a n d of
fers very little in funct ional des ign . In the 
past, a h ip jo in t that unlocked easi ly and 
would re lease even w h e n the pat ient 
exerted force on i t b y leaning forward was 
not avai lable . T h e h ip jo in t d e s i g n e d for 
the H K A F O is fabr icated with a spr ing that 
can b e va r i ed in s ize and s t rength . It is 
poss ib le to vary the t ens ion of the spr ing to 
ach ieve mi ld or forceful hip ex tens ion as 
well as a de ter rent aga ins t contractures . 
Th i s h ip jo in t will also allow the young 
pat ient , w h o may b e f r ightened to release 
the h ip s wh i l e s t and ing , to lean back in the 
cha i r first and then release the h i p s . 



Fig. 4-A. The Parapodium uses a basic 3-point force 
system to stabilize the patient. 

Fig. 4-B. The lateral bar design fits under clothes and 
uses the same 3-point forces employed in the 
parapodium. 

DESCRIPTION OF 
COMPONENTS 

B e c a u s e o f the d ispar i ty in age and o ther 
charac ter i s t ics o f the pa t ien ts w h o are fit
ted wi th the lateral ba r o r thos i s , each com
ponen t of the or thos is is gauged in s t rength 
and s ize to the funct ional defici t o f the pa
t ient , and to h i s age , we igh t and he igh t . 
C o m p o n e n t s o f each jo in t ar t iculat ion, 
ankle , k n e e and h ip are carefully c h o s e n to 
u se the pa t i en t s ' res idual funct ions and to 
apply p r o p e r cor rec t ive o r suppor t ive 
forces w h e r e n e e d e d . For example , foot 
o r thoses such as the U C B or arch suppor t 
inser ts are often u sed to ach ieve the mos t 
su i table ankle foot a l ignment , a n d to dis
t r ibute w e i g h t over a larger suppor ted 
area. If pos s ib l e , t he ankle and foot shou ld 

ach ieve a neutral pos i t ion . In cases o f de
formity , the U C B wil l d i s t r ibu te correc t ing 
forces b y r educ ing the use o f correct ive 
straps (T straps) (Fig. 5 ) . Ank le jo int var ia
t i ons , l imi ted , free mo t ion , dual ac t ion or 
dors i f l ex ion ass i s t a re c h o s e n as pe r 
ana tomica l and funct ional need . 

T h e b a s i c o r thos i s from the shoe proxi
mal cons i s t s as fol lows: a cal iper plate wi th 
lateral 90° s ta in less steel (SS) ex tens ion spli t 
s t i rrup wi th S S drop lock, w h i c h sl ides 
over the 90° S S ex tens ion . T h i s ach ieves 
sol id f ixat ion to the cal iper a n d e l imina tes 
use of s traps to m a i n t a i n s t i rrups in cal iper . 

T h e ankle jo in t (SS) is c h o s e n as per 
funct ional deficit . The re is an over lap o f 
the ankle upr igh t and lower k n e e j o i n t , 
w h i c h is u s e d for g rowth ad jus tments (not 
n e e d e d in adul ts) . 



Fig. 5. The use of UCB shoe insert can oftem correct 
foot deformities without the need for corrective 
straps. 

Fig. 6. Anterior view. Note the pretibial band of 
polypropylene reinforced with stainless steel. 

KNEE JOINT DESIGN 
K n e e j o in t s m a y b e u s e d wi th o r w i thou t 

drop lock. T h e lock is not u sed w h e n ten
s ion of t he ankle j o in t and ex t ens ion assis t 
h ip j o in t wi l l ma in ta in the k n e e in 180° 
upon w e i g h t bea r ing ; this wil l a l low the 
pa t ien t to ambu la t e w i t h the free knee . A 
pre- t ib ia l b a n d is fabr ica ted o f po lypropyl 
e n e vary ing in t h i cknesses o f 9 0/1000", 1/8", 
3 / 1 6 " , and 1/4" (Fig. 6 ) . Plast ic is fo rmed over 
the an te r io r med ia l lateral p las ter spl int o f 
the k n e e . T h e l in ing is 1/8" or 1/4" Plas tazote 
o r Pel i te . T h i s b a n d is re inforced w i t h a 
s ta in less s teel b a n d an te r io r , s h a p e d to the 
p las t ic a n d a t tached to the lateral k n e e 
j o i n t s . T h e th igh k n e e j o in t sec t ion over 
laps wi th the h ip j o in t to form growth ad
j u s t m e n t . 

K n e e hype rex tens ion is p r even ted b y a 
popl i teal s trap (Fig . 7 ) . T h i s strap loosens 
w h e n the pa t ien t s i ts b e c a u s e o f its p lace
men t . W h e n the pa t ien t s t ands , the strap 
t igh tens for pos te r io r support dur ing am
bula t ion . T h e popl i tea l s trap is pos i t i oned 
the s a m e d i s tance a b o v e the mechan ica l 
k n e e j o i n t cen te r as t he distal a t t achment . 
A polyester 1" o r 1 1/2" strap crosses pos t 
er ior from lateral calf to med ia l p re- t ib ia l 
th rough a loop and b a c k pos te r io r to the 
knee support lateral upright, where it at
taches to the truss stud or Velcro® loop. T h e 
media l a t t achmen t shou ld b e pos te r ior to 
the ver t ical m i d l i n e o f the k n e e . T h i g h en
c losures a re no t n e e d e d . Foot , k n e e and 
pe lv ic b a n d are a l igned us ing a th ree -po in t 
force sys t em. T h e advan tages o f this strap 
are inc reased s i t t ing ba lance and comfor t 
due to the lack of pos te r io r th igh b a n d s , 
a n d the reduc t ion in n u m b e r o f adjust
m e n t s due to g rowth . T h e or thos is e l imi 
na t e s forces on a l ready taxed j o in t s in the 
s i t t ing pos i t i on (F ig . 8 ) . T h e advantages o f 
an or thos i s d e s i g n e d w i thou t th igh cuffs in 
cons ide ra t ion o f the i ncon t inen t pat ient 
are o b v i o u s . 

HIP JOINT DESIGN 
Over the years , two types of h ip joints 

h a v e b e e n u s e d in f a b r i c a t i n g t h e s e 
H K A F O s . T h e first was m a d e wi th a 
chamber . T h e amount of extension would b e 



Fig. 7. Note that there are no posterior bands on the 
legs. A wide popliteal strap prevents hyperextension 
and loosens during sitting. 

Fig. 8. The lack of thigh cuffs makes sitting more 
comfortable. 

Fig. 9. Lateral view showing the high location of the 
hip joint and the wide pelvic band. 

varied b y the use of a stainless steel spring of 
different tens ion or a rubber block. A rubber 
block is used w h e n the orthotist chooses to 
design the orthosis with a fixed h ip , in con
junct ion wi th anterior thoracic shell , or ster
nal pad, as in the case o f hip o r lumbar con
tracture. Although the h ip joint wi th rubber 
block is used w h e n a fixed h ip is desired, it 
also offers a cushion upon heel strike, which 
reduces breakage. 

In t roduc t ion o f t he ex t ens ion ass is t h ip 
j o in t g ives the pa t i en t a l ternat ive gait pat
te rns , sw ing through, swing to , or r ec ip 
rocat ing gai t . 

T h e s econd h ip j o in t was o f t h inne r de
s ign . Ex tens ion ass is t w a s accompl i shed 
us ing r u b b e r b a n d s . T h e s e b a n d s w e r e the 
s a m e as t h o s e u s e d o n pros the t ic uppe r 
ex t remi ty t e rmina l dev ices . Bo th h i p jo in t s 
are d e s i g n e d w i t h a s top after the j o i n t ha s 
f lexed 15°. T h e lock re lease levers are bas i 
cally the s a m e . T e n s i o n can b e var ied us ing 
addi t iona l b a n d s . T h e s e c o n d h ip j o in t s are 
d e s i g n e d w i t h a s top after the j o i n t has 
flexed 15°. T h e second h ip jo in t design m a y 
b e altered to a static, s imply b y riveting the 



Fig. 10. The hip joint is placed higher for heavier 
patients to allow for the spreading of tissue during 
sitting. 

Fig. 11. Close-up of hip joint and pelvic band during 
sitting. 

movable components (Fig. 9) . Sternal pad, 
body jacket or thoracic shell are supported 
laterally by SS extensions attached to the pel
vic band. Velcro(R) straps are used to maintain 
the system in position. 

T h e pe lv ic b a n d shou ld b e o f suff icient 
s ize to cove r the d i s tance b e t w e e n the 
p e r i n e u m to the p rox imal aspect o f the 
i l ium. T h e lateral b a n d is d iv ided into 
thirds . T h e ana tomica l h i p j o in t cen te r is 
p o s i t i o n e d o n t h e l o w e r t h i r d ; t h e 
mechan i ca l j o in t is loca ted on the uppe r 
th i rd . T h i s a l i gnmen t pos i t ions the b a n d 
ove r t he mid -aspec t o f the bu t tock . W i t h 
the mechanical h ip jo in t posi t ioned 1/3 su
per io r to ana tomica l h i p j o in t , the d is 
tance b e t w e e n the cen te rs inc reases w h e n 
the pa t ien t s i t s , t h e r e b y re l iev ing p ressure 
o n the an ter ior k n e e (Fig . 10) . 

T h e h ip jo in t is loca ted super io r to the 
n o r m w i t h the o b e s e pat ient . Th i s creates 
addi t ional space for ad ipose t i ssue to ex
p a n d w h e n the pa t i en t s i ts . Pe lv ic b a n d 
s ize and s t rength are de t e rmined b y the 
pa t i en t s ' he igh t a n d we igh t . T h e pe lv ic 
b a n d is f rabr icated from o n e o f four 
th i cknesses : 90/1000", 1/8", 3/16" o r 1/4" o f poly
p ropy lene . T h e s e b a n d s are fo rmed over 
soft a l u m i n u m m o l d s p r e shaped to in i t ia l 
m e a s u r e m e n t s . T h e b a n d is later p a d d e d 
wi th 1/8" or 1/4" o f Plas tazote o r Pel i te (Fig . 
11). 

SUMMARY 
T h e lateral b a r h i p , k n e e , ankle foot or

thos i s wi th spr ing ass is t h ip ex t ens ion has 
been successfully used for pat ients wi th 
muscu la r dys t rophy , sp ina b i f ida , ce re 
bral palsy and t raumat ic sp ina l cord l e s ions 
that resulted in paraplegia or parapares is . 
B reakage has been s ignif icant ly reduced 
because o f the use o f s ta inless steel and 
f lexible c o m p o n e n t s . T h e w e i g h t h a s b e e n 
reduced as c o m p a r e d to conven t iona l or
thoses . M a n y pa t ien t s w i t h res idua l h i p 
f lexion can ambu la t e w i th rec ipoca t ing 
gait. Cosmes is has been improved. The or
thos i s , as a therapeut ic dev i ce , ass is t s in 
the s tab i l iza t ion o f cont rac tures o f the 
k n e e , h ip and ankle . 

T h e pa t i en t shou ld b e g iven the oppor 
tun i ty to reach op t imal a m b u l a t i o n w i t h 
m i n i m a l or tho t ic appl ica t ion . W e cons ide r 
the lateral b a r o r thos i s to b e a m i n i m a l de
v ice for t hose pa t ien t s w h o n e e d bi la tera l 
H K A F O w i t h pelvic suppor t . 
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