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INTRODUCTION 
W h e n d e s i g n i n g an o r thos i s , ca re shou ld 

b e g iven to the p r inc ip l e that the still 
ex i s t ing m o t i o n s m u s t no t b e res t r ic ted 
m o r e than is necessa ry and that t he pa t ien t 
is secure . T h e pos i t i on o f the or tho t ic j o i n t 
axes wil l h a v e to b e c h o s e n in such a w a y 
tha t they m a t c h the b o d y axes as perfect ly 
as p o s s i b l e . A t each j o i n t w h i c h does not 
co inc ide w i t h the natura l j o i n t , n e w "shear 
s t r e s s e s " wi l l appea r w h i c h are cont ra ry to 
the natural m o t i o n a n d therefore l imit it. 

FRONTAL PLANE 
CONSIDERATIONS 

T h e co rne r s tone o f e v e r y lower l i m b or­
thos i s i s , o f course , t h e foot sec t ion ; w h e n 
d e s i g n i n g th is par t i t i s o f vi tal i m p o r t a n c e 
that t he b a s i c s ta t ic l a w s a re respec ted a n d 
to m a k e full use o f all avai lable p o s ­
s ib i l i t i e s . A h o u s e c a n n o t b e bui l t o n an 
uns t ab l e founda t ion . T h e foot sec t ion 
a lone , t h rough i ts s h a p e and th rough its 
s t ructure great ly d e t e r m i n e s the s ta t ics . In 
A n g l o - S a x o n coun t r i e s the foot par t i s 
often a t tached o n t o the ou t s ide o f the shoe . 
In Cent ra l Europe i t i s cus tomary to i n t e ­
grate the foot par t i n t he shoe . B o t h so lu­
t ions p re sen t advan tages and d i sadvan­
tages . 

W h e n the or thos i s is a t t ached to the s h o e 
the effective p o s i t i o n i n g of the s top is 

espec ia l ly difficult a n d c o s m e s i s is c o m ­
p r o m i s e d . T h e bu i l t - in sanda l r equ i res 
space -caus ing p r o b l e m s w i t h t h e s h o e 
s i ze . I n gene ra l , t he foot par t w h i c h is in ­
d e p e n d e n t o f t he s h o e h a s the advan tage o f 
offer ing m o r e poss ib i l i t i e s and c learer 
p ropor t ions i n regards to the en t i re or­
thos i s . 

Bas ica l ly , t he s a m e fabr ica t ion p r inc ip les 
app ly to b o t h d e s i g n s o f foot sec t ions . T h e 
p o i n t o f reference for t he fabr ica t ion o f an 
o r thos i s is a level flat surface. T h e s h o e a n d 
t h e foot suppor t h a v e to form a un i ty w i t h 
the level f loor, i . e . the suppor t in the shoe 
a n d the s h o e o n the f loor h a v e to h a v e a 
so l id b a s e , so the pa t ien t ga ins a feel ing o f 
s tab i l i ty . It i s of secondary impor t ance 
w h e t h e r the foot is in p rona t ion , sup ina ­
t ion or a neut ra l pos i t ion . T h e neces sa ry 
b a l a n c e , w h a t e v e r its ex ten t , can b e ad­
ju s t ed . In the e n d , the suppor t and the s h o e 
h a v e to conform to the floor. 

T h e leng th and cut o f the suppor t are 
ve ry impor tan t . A low lateral tr im g ives 
less ho ld on the ou t s ide . D e p e n d i n g on the 
s ta tus , the t ip o f the suppor t wi l l b e t r im­
m e d s t ra ight or , i n order to avoid an out ­
s ide tilt , a s l ight de tors ion cu t m a y b e used . 

CONTROL OF THE HEEL 
T h e pos i t ive mode l shou ld b e o f the 

natura l hee l w h e n the w e i g h t o f the b o d y is 
o n it . B e c a u s e the foot o f a pa t i en t is usual ly 
m o l d e d w i t h the w e i g h t off o f i t , the hee l 



m u s t b e s l ight ly flattened o n the p las ter 
pos i t ive mode l . T h e plas ter is added to the 
s ide to g ive the ca lcaneus e n o u g h room. In 
the case of a correc t ing hee l w e d g e , it is 
impor t an t that this should be in the shape 
of a flat surface a n d m u s t not b e left round . 
To leave a r o u n d n e s s w o u l d m e a n to in­
val ida te the cor rec t ion , b e c a u s e the hee l 
w o u l d b e left uns t ab l e and could s l ide back 
in to the or ig ina l pos i t ion . 

ALIGNMENT OF 
THE FOOT SECTION 

A st ra tegic p o i n t in the cons t ruc t ion of 
the foot sec t ion is t he lateral pos i t i on ing of 
the suppor t i n re la t ionsh ip to the ank le . If it 
is pos s ib l e to correct the foot act ively or 
pass ive ly a n d to set it back in to the neutra l 
posi t ion then it is ind i spensab le that the 
p l u m b l ine o f the leg and o f t he or thos i s 
coincide wi th the p lumb line of the foot part 
(Fig. l ) . S i n c e th i s is not a lways poss ib le 
w h e n dea l ing w i t h a pe s varus , laterally 
a l ign the support . In the case o f a pes val­
gus the suppor t r ema ins s t ra ight and 

b e l o w the ankle . S h o u l d the suppor t b e 
kep t too media l ly the pa t ien t wi l l a lways 
tilt towards the ou t s ide . 

T h i s correc t ional pos i t i on is a great he lp 
in ho ld ing the foot. T h e d i sp lacement o f 
t he suppor t toward the ou t s ide wil l have a 
greater correc t ional effect than any p rona­
t ion w e d g e can. If t he se rules are appl ied 
carefully w h e n a l igning prona t ion and 
sup ina t ion , p ressure s y m p t o m s wil l b e 

a v o i d e d on the foot . W h e n p res su re 
s y m p t o m s appear on the ou t s ide or the in­
s ide o f the ankle after f i t t ing the or thos i s , 
the p r inc ip le of t he s tructure ha s to b e 
c h e c k e d over . In the case of pes valgus a 
suppor t h a v i n g b e e n set too m u c h on the 
ou t s ide leads to an un in t en t iona l b e n d 
w h i c h inval ida tes every in ternal correc­
t ion. 

T h e angle o f the toe out d e p e n d s o n 
s t and ing and wa lk ing a l ignmen t o f the pa­
t ient . T h e j o in t s shou ld , i f at all pos s ib l e , 
l ie o n the sagit tal p lane ; n o mat te r w h a t the 
ou tward turning o f the foot i s , th is con­
t r ibutes to a l e s sen ing of the ene rgy con-

Fig. 1. Left: Alignment of the foot section. If foot correction is possible, the foot and the foot section of 
the orthosis should be centered under the plumb line center of the leg. Center: A varus deformity 
cannot be accommodated or corrected if the foot section is centered under the leg; instead laterally 
align the foot section and add a wedge with a flat surface. 



Fig. 2. No matter what the amount of toe out is, the ankle joint should be aligned in the sagittal plane in 
order to decrease energy consumption and wear on the orthotic joints. 

sumpt ion dur ing wa lk ing a n d the w e a r o f 
the b race (F ig .2 ) . 

THE KNEE 
To correct a va lgus k n e e or a va rus k n e e , 

correc t ional forces a b o v e and b e l o w the 
k n e e mus t b e appl ied . T h e pos i t i on ing o f 
t he coun te r p ressures o n the h i p and b e l o w 
the k n e e is a lso ve ry impor t an t (Fig. 3 ) . 
Overcor rec t ion o f a va lgus k n e e or a varus 
k n e e limits the ex tens ion o f the leg. In the 
case o f valgus k n e e , an over -cor rec t ion re­
sults in f lexion; a dec i s ion must b e m a d e 
b e t w e e n a full cor rec t ion and the f reedom 
of movemen t . T h e fol lowing could b e used 
as a rule of t h u m b : i f the pat ient is a ch i ld , 
c h o o s e cor rec t ion; i f h e is an adult , c h o o s e 
m o v e m e n t . 

THE HIP AND THIGH 
T h e m a i n pr inc ip le to b e re ta ined for the 

h ip and th igh is : avo id a n y free-play 
b e t w e e n the o r thos i s and the leg. In 
o the r words , do no t a l low the leg to m o v e 

i n s i d e the o r thos i s . T h i s i s abso lu te ly de­
t r imenta l to t he secur i ty and the sure foot­
ing o f the pa t ien t . 

T h e w e a k e r t he musc le s o f the h i p j o i n t , 
the t igh te r the o r thos i s m u s t b e fitted 
a b o v e the k n e e . W i t h a w e a k g lu teus medius, the u s e o f an a b o v e - k n e e encas ing is 
r e c o m m e n d e d . T h e result wi l l b e im­
m e d i a t e in that t he pa t i en t wi l l walk wi th a 
surer s tep . If p i s t on ing is a l lowed, at each 
m o v e m e n t i t wi l l c ause great d iscomfor t 
a n d p o s s i b l y resul t i n an o p e n sore . Gi rd les 
m a y b e of va r i ed shape and cons t ruc t ion . 
Each girdle wil l h a v e to b e m a d e i nd iv idu ­
ally to sui t t h e pa t ien t and the t rea tment . 

SAGITTAL PLANE 
CONSIDERATIONS 

T h e a b o v e - k n e e pros thes i s is a m e c h a n i ­
cal subs t i tu te for the leg and the s a m e 
mechan i ca l p r inc ip les apply for k n e e ankle 
foot o r thoses . W h e n in a free erect pos i ­
t ion , the torso is uphe ld b y the legs in such 
a w a y that the b o d y ' s cen te r o f gravi ty is in 
a s table ba l ance . A hea l thy pe r son does this 



Fig. 3. Left: Correctional force applied foe valgus knee correction. Center: Forces emanating from the 
foot section should be placed as laterally as possible to control Genu Varum. Right: A lateral flare 
added to the foot section will help to dimmish varus forces at the knee. 

Fig. 4. Statics of the standing position. Left: If the ankle is locked completely, there are essentially 
two physical bars present, designated by the dotted lines K-D and K-F. The center of gravity must 
rise if bar K is moved in either direction. Left: If only one direction of fall is blocked there are again 
two physical bars, K-D and K-E Bar K-E is unstable if a clockwise rotation occurs. This simulates 
the mechanics of a dorsiflexion stop ankle foot orthosis, which is adequate for knee stabilization 
with patients having slight to medium quadriceps paralysis and an intact iliopsoas and gluteus 



bo th act ively a n d pass ive ly . Ac t ive s tab i ­
l iz ing is caused b y the musc le s ; the 
para lyzed pa t ien t e i ther canno t perform or 
can part ial ly perform this s tab i l iza t ion . 
T h e l igamen t s take care of the pass ive 
s tab i l iza t ion by p reven t ing a b e n d i n g of 
the j o in t in cer ta in d i rec t ions w h i c h l imits 
the k e e p i n g o f a firm s tance to only one 
pos i t i on , b u t saves ene rgy . O f all true 
m a m m a l s , m a n is the only one to possess 
such a safety dev ice and h e is therefore the 
on ly o n e to b e ab le to s tand erect such a 
long t ime . 

O n l y the pass ive s tabi l iza t ion funct ions 
can b e re inforced b y or thoses because the 
muscu la r sys tem is not intact ; this is w h e r e 
t h e h i n g e - j o i n t s w i t h t h e i r s t o p p i n g 
m e c h a n i s m c o m e in to play. 

THE STATICS OF THE 
STANDING POSITION 

A b o d y is in equ i l i b r ium w h e n the 
p l u m b l ine emerg ing from the cen te r o f 
gravi ty of the b o d y runs th rough the base 
of support . T h e equ i l i b r ium r ema ins if the 

cen te r of gravi ty ra i ses w h e n the b o d y 
changes pos i t ion ; i t is uns teady if the 
cen te r r e m a i n s in p lace , or lowers . 

If a b a r is ba l anced vert ical ly i t is uns ta­
b le and wil l r e m a i n so if we igh t is appl ied 
to it. If an angular lever is added in the shape 
of a foot then the b a r is s tab i l i zed . Phys i ­
cally speak ing , there is no t a b r a n c h i n g ba r 
bu t two s t ra ight o n e s , t he mechan i ca l axes , 
r u n n i n g from K to D and from K to F, re­
spect ive ly . N o w if a h i n g e is p laced o n E , 
then there is aga in one s ingle bar , K - E , 
w h i c h i s in an uns t eady equ i l i b rum. Bu t if 
o n e d i rec t ion of fall i s b locked there is 
again in the p r e sence of two phys ica l ba r s , 
one in the b locked d i rec t ion K - D , the o ther 
in the u n b l o c k e d d i rec t ion K - E . T h i s leads 
us to the fol lowing conc lus ions : 

1. If one j o in t is b locked then the two 
adjacent l i m b s can b e cons ide red as o n e 
un i ty . T h e l i m b s form a r ig id lever w h o s e 
m e c h a n i c a l impor t ance l ies in the l ine con­
nec t ing the two free ends . Th i s l ine cor res ­
ponds to the shared m e c h a n i c a l longi tudi ­
na l axis of bo th l i m b s w h i c h inc identa l ly 
does no t ma tch the ana tomica l longi tudina l 
axis . 

Fig. 5. Mechanics of a KAFO with a dorsiflexion stop and different knee joints. Left: Conventional 
KAFO knee alignment. This alignment should be used when little or no iliopsoas and gluteus 
maximus are present. The orthotic knee joint can be used when good hip control is present. The 
posterior position of the orthotic knee joint, combined with a lengthened foot support, can stabilize 
the knee without a lock. 



2. Fo r all s tat ic and d y n a m i c s tud ies only 
the mechan i ca l axes are o f impor t ance . 

App ly ing these conc lus ions to or thot ics 
a l lows the u se o f a l ight ankle foot o r thos i s 
w i th a b locked dors i f lexion stop on pa­
t i en t s h a v i n g on ly s l igh t to m e d i u m 
para lys is of the quad r i ceps and an intact 
i l iopsoas and gluteus m a x i m u s . If a locked 
k n e e j o in t b e c o m e s necessa ry b e c a u s e o f 
t he degree o f para lys is , t he dorsif lexion 
s top m u s t b e reduced cons ide rab ly b e ­
cause the k n e e and foot m o v e m e n t s shou ld 
no t b e b l o c k e d at t he s a m e t ime . 

T h e m e c h a n i c s of a K A F O w i t h dorsif­
lex ion s top a n d offset k n e e j o in t s will n o w 
b e desc r ibed . T h e further back the k n e e 
j o i n t is p laced , the greater t he s tabi l i ty (Fig . 
5 ) . In o rder for t he al tered pos i t i on o f the 
k n e e j o in t of the or thos is to s h o w any re­
sul ts , the o r thos i s ha s to b e fitted perfect ly; 
i f th is is no t the case , the upward s l id ing o f 
the or thos i s wil l cause frict ion and render 
t he effect nega t ive . 

T h e angle of the dors i f lexion s top has a 
very impor t an t s t re tch ing funct ion; ex ­
pe r i ence has s h o w n that the angle , m a k i n g 
a l lowance for the hee l he igh t , should n e v e r 
exceed 90 degrees . S h o u l d the angle o f the 
dors i f lexion s top be m o r e than 90 degrees , 
the knee wil l b e hype rex t ended a n d the 
pa t ien t wi l l have t rouble rol l ing h i s foot 
proper ly . 

In order to increase s tab i l iza t ion o f the 
k n e e , do no t ex t end the angle o f the dors i ­
f lexion s top bu t lengthen t he foot support . 
T h e exact s t ructure and the cho ice o f a dor­
sif lexion s top have to b e de t e rmined and 
m o u n t e d o n the pa t ien t w h i l e h e is s tand­
ing. H e shou ld s tand as s t ra ight as poss i ­
b l e , w e a r i n g the o r thos i s and s h o e s , 
k e e p i n g h i s feet parallel and the toes 
a l igned; i n th i s pos i t i on the stop should b e 
f ixed wi thou t p lay and pressure . 

PREREQUISITES FOR THE 
APPROPRIATENESS OF 
SUCH AN ORTHOSIS 

• T h e affected leg shou ld s h o w n o con­
tractures at the h ip and the knee - jo in t . T h e 

pa t ien t shou ld b e ab le to s tretch the 
knee - jo in t pass ive ly w i thou t p rob l ems . 

• T h e i iopsoas and the gluteus max­
imus should not b e too weak . In any case , 
the pa t ien t mus t b e ab le to m o v e the 
k n e e jo in t b a c k and forth act ively and eas ­
i ly wh i l e in a s t and ing pos i t ion . 

• T h e pa t ien t , espec ia l ly ch i ld ren , m u s t 
b e wi l l ing to get used to the or thos i s and 
pract ice a cer ta in wa lk ing d i sc ip l ine . 

T h e r e m a i n i n g musc l e tone of t he quad ­
r iceps does no t p lay an impor tan t role , 
wh i l e a wel l -calcula ted dorsif lexion s top 
and the leng th o f the foot suppor t are of 
dec i s ive impor t ance . A s s u m i n g that the 
ad jus tment of the plantarf lexion stop i s 
c o m m o n k n o w l e d g e , i t should b e r e m e m ­
b e r e d that the s top, in the case o f a drop 
foot , h inde r s t he s t re tching o f the k n e e 
and m a y even have a k n e e - b e n d i n g effect 
w h e n the hee l is ready to s t r ike the floor. 
Fo r this r eason o n e should op t for a soft 

Fig. 6. Knee joint used in Switzerland extends the 
knee and provides stability by using an offset align­
ment. A spring extension mechanism and optional 
knee lock are incorporated into the design. 



plantarf lexion s top , a l though this is not a 
very es the t ic so lu t ion , s i nce a bu lk ie r 
ankle j o in t is r equ i red . 

S i n c e the pa t i en t wea r ing an or thos is 
wi th an offset k n e e j o i n t ha s s o m e t rouble 
m o v i n g h i s l ower leg forward, i t is often 
neces sa ry to inser t a spr ing ex tens ion 
m e c h a n i s m in to the k n e e j o i n t w h i c h m a y 
also b e hade to se rve to s tab i l ize t he knee . 

F o r a b o u t t w e n t y years a knee - lock has 
b e e n used in Swi tze r l and w h i c h bo th 
s t re tches the k n e e a n d m a y b e locked (Fig . 
6 ) . T h e pa t i en t feels m o r e secure and the 

jo in t faci l i tates the forward m o t i o n o f the 
lower leg. N o sys t em, e v e n unde r the m o s t 
f avorab le c o n d i t i o n s , can r e p l a c e the 
quadr i ceps . A l though b y m a k i n g small 
i m p r o v e m e n t s he re a n d there , the pa­
t i en t ' s comfor t and appea rance can b e im­
proved . 
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