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INTRODUCTION 
T h e knee jo in t that is uns tab le in the 

sagit tal p lane can b e control led b y us ing 
one of three types o f o r thoses : k n e e , k n e e -
ankle-foot , or an ter ior floor reac t ion or tho­
sis . If the ankle mor t i se is unaffected, a 
knee or thos is a lone , wi th a mechan ica l 
locking m e c h a n i s m , can effectively guard 
agains t inadver tent knee f lexion. The re are 
m a n y des igns of knee o r thoses that wi l l 
accompl i sh this as long as su spens ion can 
b e ach ieved and tolerated. T h i s form o f 
ambu la t ion wi th locked knees lends for a 
r ig id , energy- inef f ic ient gai t pat tern . 

T h i s s ame gait pat tern is demons t ra ted 
w h e n the pa t ien t wi th an uns tab le ex t rem­
ity uses the knee-ankle- foot or thosis and 
drop lock m e c h a n i s m . Al though the K A F O 
solves the suspens ion p rob lem and con­
trols an uns tab le ankle mor t i s e , it still of­
fers an energy- inef f ic ient gait pat tern, in­
terferes wi th ba lance m e c h a n i s m s , and is 
heav ie r than the knee or thos is . 

In pa t ien ts w i th cerebra l palsy, l abored 
gai t assoc ia ted wi th excess ive knee f lexion 
in s tance phase has p resen ted the o r tho­
paedis t and orthot is t wi th s ignif icant dif­
ficult ies in t rea tment . Crouch gait c o m ­
m e n c e s w i th overac t iv i ty of the h a m ­
s t r ings , w h i c h increases knee f lexion, and 
thus requi res large increases in quadr iceps 

force to s tabi l ize the k n e e 2 (Figure 1 ) . Cal­
caneus deformity, a k n o w n compl ica t ion o f 
ove r l eng thened hee lcords fo l lowing tendo-Achilles l e n g t h e n i n g s , also s igni f i ­
cant ly adds to further p rogress ion of 
c rouch gai t . R e a s o n s c i ted for th is compl i ­
ca t ion inc lude overcor rec t ion , failure to 
protect the heelcords postoperat ively , and 
l eng then ing of the t endo-Achi l l es w h e n 
s ignif icant h ip and knee- f lex ion deformi­
t ies r ema in uncor rec ted (Figure 2 ) . 

THE SALTIEL ANKLE-FOOT 
ORTHOSIS 

In J u n e 1969, J i m m y Salt iel desc r ibed an 
ankle foot or thosis w h i c h was des igned to 
s tabi l ize the paralyzed l imb wi thou t l im­
i t ing knee m o v e m e n t . T h e brace ex tended 
on ly as h igh as the knee j o in t and w a s con­
structed from a re inforced l amina te poly­
ester plast ic . H e s ta ted, " E v e n a totally 
para lyzed knee is usual ly s table in the A P 
or sagit tal direct ion w h e n in full ex ten­
s i o n . " 1 T h i s pr inc ip le involves ha rness ing 
the floor react ion a n d d i rec t ing it to the 
an ter ior aspect o f the distal shank , thus 
s tab i l iz ing the j o in t in ex tens ion . T h e b race 
acts as a first-class lever and the plantar-
flexed at t i tude at the ankle ut i l izes the ful­
c rum es tab l i shed b y the distal t r iml ine o f 



Figure 1: Line of application of floor reaction force. Contrast the line of application of the floor reaction force in the 
two children. Excessive arm swing and trunk movements of the patient with spastic diplegia cause early aft shear 
and anterior alignment of the line of application of floor reaction force. Flexion torque of the hip is excessively 
high in early stance, necessitating straining action of the gluteus maximus. Knee flexion torque is normal initially 
but progresses to pathologically high levels in late stance, necessitating straining action of the quadriceps femoris. 
(From Sutherland, D.H. and Cooper L., "The Pathomechanics of Progressive Crouch Gait in Spastic Diplegia," 
Orthop Clin. N. Am., 9(1):150, 1978. Reproduced with permission.) 

the footplate at the metatarsal heads (Fig­
ure 3 ) . 

T h e Sal t iel ankle foot o r thos i s emp loys 
the p lantar f lexion-knee ex tens ion couple 
s een in normal gai t . At hee l s t r ike in the 
gait cyc le , the quadr iceps is eccentr ical ly 
cont rac t ing to control knee f lexion, t he reby 
a l lowing for s m o o t h decelera t ion . T h i s 
con t inues unti l the cen te r of m a s s passes in 
front of the knee , at w h i c h t ime there is 
cessa t ion of f ir ing of the quadr iceps . F rom 
that po in t on in the gai t cyc le , k n e e ex ten­
s ion is caused by the p lantar f lexion-knee 
ex tens ion couple unde r the control of the 
eccent r ica l ly con t rac t ing t r iceps surae . 

T h i s , in addi t ion to the r igid i m m o b i l i z a ­
t ion of the ankle mor t i se , enab les the 
t ransference o f the floor reac t ion to the 
front of the knee resul t ing in a b i o m e c h a n i c 
ass i s tance of knee ex t ens ion . 

W i t h inc reased plantarf lexion at the 
ankle , the m o m e n t is inc reased (Figure 4 ) . 
W i t h res idual knee f lexion cont rac tures of 
ten degrees o r more , the floor reac t ion 
passes at or b e h i n d the k n e e , thus great ly 
reduc ing the knee ex tens ion m o m e n t to a 
po in t w h e r e an actual f lexion m o m e n t is 
genera ted once hams t r ing contractures ex ­
ceed about fifteen degrees . 



Figure 2: A typical crouch gait pattern in cerebral 
palsy. Note the effect of the overlengthened heel cord 
resulting in the calcaneous deformity. 

Figure 3: The Saltiel ankle foot orthosis. (From, Saltiel, J . , "A one-piece laminated knee locking short leg 
brace," Orthot. Pros., 23:7, June 1969.) 

Figure 4: Biomechanics of the anterior floor reaction 
orthosis. 
A. Shows ten degrees of plantarflexion. The more 
plantarflexion the ankle is set in, the greater the knee 
extension moment. 
B. In neutral position note the reduction of D1 re­
sulting in the reduction of the extension moment. 
C. Shows 15 degrees of dorsiflexion. At 15 degrees of 
dorsiflexion or greater, the ground reaction force 
passes behind the knee resulting in the generation of 
a flexion moment. 

T h e Salt iel type ankle foot or thos is is 
very effective wi th the unilateral ly in­
volved paralytic l i m b that readi ly ach ieves 
full knee ex tens ion and is s table mediolaterally. T h i s or thos is was or iginal ly de­
ve loped for use wi th the pos t -pol io lower 
l imb and did, in many cases , preclude the 
need for a knee ankle foot o r thos i s . It 
should b e noted, however , that this par­
t icular des ign canno t b e appl ied bi lateral ly 
w i thou t s ignif icant dependence on auxil­
iary wa lk ing aids to improve ba lance . Th i s 
is because w i th bi la teral fixed e q u i n u s of 
the o r thoses , the cen te r of gravi ty is forced 
b e h i n d the base of suppor t wi th resul tant 
loss o f b a l a n c e . 3 

Because o f these l imi ta t ions and because 
m a n y cerebra l palsy pa t ients r equ i re bi lat­
eral appl ica t ion , w e modi f i ed the Salt iel 
des ign to use w i th these ch i ldren . The 
pr incipal differences in des ign inc lude a 
shor ter proximal t r iml ine and an angula­
t ion at the ankle w h i c h w e de te rmine for 
each pat ient . 



T h e purpose of this paper is to r ev iew the 
use of the anter ior floor react ion or thos is in 
pat ients w i th cerebra l palsy and , by do ing 
so , to out l ine the p re requ is i t es and specif i­
ca t ions for prescr ip t ion . 

CLINICAL APPLICATION 
T h e charts o f 11 pa t ien ts w e r e r ev iewed . 

E igh t pa t ients h a d had cl inical e x a m i n a ­
t ions only, and three had also b e e n eval­
uated b y compute r i zed gait analys is in the 
Gai t Analys i s Labora to ry at N e w i n g t o n 
Ch i ld ren ' s Hospi ta l . N i n e pa t ien ts had b i ­
lateral an ter ior floor react ion or thoses and 
two used the o r thos i s unilaterally. T h e 
average age at del ivery of the or thosis was 
10 .5 years (range 3 .9 years to 16 .2 years) . 
Pr ior to us ing the an ter ior floor react ion 
o r thos i s , five of the 11 pat ients h a d used 
bi la tera l po lypropy lene knee-ank le - foo t 
or thoses w i th drop lock knee m e c h a n i s m s ; 
one had used a doub le upr ight conven ­
t ional K A F O ; two had used s tandard poly­
propy lene sol id-ankle A F O s ; and one pa­
t ient had used a s tandard double -upr igh t 
convent iona l A F O . In two pat ients w h o 
had not used or thoses preoperat ively , floor 
react ion or thoses were p resc r ibed i m m e ­
diately fol lowing bi la teral re lease o f f lexion 
contractures at the h i p s , k n e e s , and ankles . 

Leng th o f use of the anter ior floor reac­
t ion o r thoses ranged from five to 52 m o n t h s 
(mean: 17 m o n t h s ) . In pa t ients in w h i c h 
the or thoses were d i scon t inued , the m a i n 
reasons were : ou tg rowing the or thos i s , 
improved funct ion, and addi t ional surgical 
procedures . 

The degree at w h i c h the ankle w a s set 
var ied . Four teen of the o r thoses were set at 
five degrees dorsi f lexion, five o r thoses to 
five degrees plantarf lexion, and one to ten 
degrees plantarf lexion. 

E igh t o f the 11 pa t ien ts r equ i red ham­
str ing re leases at o r before the start of 
t rea tment wi th the an ter ior floor reac t ion 
or thos is ( two of these re leases were repeat 
p rocedures) . The o ther th ree pa t ien ts were 
cast for knee flexion contractures before 
they u sed the or thos i s , one of w h o m re­
qu i r ed surgery after the serial cas t ing . It 
should b e no ted that before any of these 11 

cerebra l palsy pa t ients could use the or tho­
s is , they requ i red e longa t ion of hams t r ings 
e i ther b y surgical re lease o r b y serial 
cas t ing . 

Ambulation Status with 
the Orthosis 

Eight of the 11 pat ients are still u s ing the 
or thos is effectively and three no longer 
n e e d or thot ic m a n a g e m e n t . E igh t pa t ien ts 
are c o m m u n i t y ambula tors and three are 
househo ld ambula tors . Four o f the com­
m u n i t y ambula tors use Lofs t rand cru tches ; 
o n e , a quad-cane ; o n e , B o b a t h poles ; and 
o n e requ i res n o wa lk ing a ids . The c o m m u ­
n i ty ambula tors use the auxi l iary wa lk ing 
aids ma in ly for b a l a n c e , w h e r e a s the 
househo ld ambula tors use the aids to assis t 
wi th gait p rogress ion . 

Selection of Foot-Shank Angle 
The degree of dorsif lexion or plantar­

flexion at the ankle of the or thos i s is a c o m ­
promise b e t w e e n the s ize of the ex tens ion 
m o m e n t genera ted at the knee and the 
s m o o t h n e s s o f f o r w a r d p r o g r e s s i o n . 
Theore t ica l ly , w h e n the or thos is is set in 
plantarf lexion, the ex t ens ion m o m e n t is 
max ima l bu t the forward progress ion is at 
least part ial ly b locked . If the knee ex ten­
s ion m o m e n t is too great before the cen te r 
of m a s s passes in front o f the knee ax is , 
overall forward p rogress ion hal ts . W h e n 
the or thos i s is set in sl ight dorsi f lexion, 
more t ime i s a l lowed for the cen te r o f m a s s 
to proceed in front of the knee axis before 
the max ima l knee -ex t ens ion m o m e n t is 
exer ted b y the floor reac t ion or thos i s . 
W h i l e th is is des i rab le , there is a reduc t ion 
of the ex tens ion force genera ted as wel l as a 
delay in the ha rness ing of the floor reac t ion 
dur ing the course o f the gait cycle and , 
h e n c e , more quadr iceps s t rength is re­
qu i red . B e c a u s e o f these factors , it is i m ­
pera t ive to set the ankle mor t i se at the mos t 
appropr ia te angle w i th in the or thos is in 
order to ach ieve o p t i m u m funct ion. T h i s 
mus t b e ind iv idua l ized from pat ien t to pa­
t ient s ince it depends on a n u m b e r o f fac­
tors such as w h e t h e r the or thos i s is b i la t ­
eral , the quadr iceps s t rength , and the 
m a x i m u m knee ex t ens ion poss ib l e . 



Case Report 
T h e effects of the or thosis on gai t pa­

rameters can bes t b e demons t ra ted b y 
s h o w i n g the results of compute r i zed gait 
analys is in the fo l lowing pat ient . 

M . C . , an 11 year-old male wi th spast ic 
d ip legia , was p resen ted wi th h ip flexion 
cont rac tures , bi la teral knee flexion con­
tractures, and e q u i n u s deformit ies of bo th 
feet. A t s tance he demons t ra ted severe 
contractures o f h ip flexors, hams t r ings , 
and tr iceps surae. H e unde rwen t bi la teral 
psoas and adduc tor re leases , b i la tera l 
varus derotation osteotomies, bilateral ham­
str ing l eng then ings , and bi lateral Bake r 
t endo-Achi l les l eng then ings . 

S ix w e e k s postoperat ively , after cas t ing 
and phys ica l therapy, h is gait revealed 
w e a k e n e d q u a d r i c e p s a n d b e g i n n i n g 
crouch gai t (Figure 5 ) . H e w a s fitted wi th 
bi la teral floor react ion or thoses w h i c h im­
media te ly improved h i s gait . 

Compu te r i zed gait analysis was per­
formed preopera t ive ly and ten w e e k s post­
opera t ively w i th and wi thout the or thoses . 
Postopera t ively , the lateral s t ick f igures 

Figure 5: M.C., six weeks postoperatively. Note the 
dependence on forearm crutches. 

Figure 6: Stick figures of M.C., ten weeks postoperatively. 
A. Lateral stick figures from a gait analysis run without anterior floor reaction orthoses. Note where the floor 
reaction falls respective to the knee axis. 
B. Lateral stick figures from a gait analysis run with anterior floor reaction orthoses. Note the improved extension 
moment generated at the knee as a result of floor reaction passing more anterior to the anatomical knee. 



Table 1. Comparison of data from gait analyses of M.C. 

Figure 7: M.C., ten weeks postoperatively, exhibits 
much less dependence on forearm crutches. With the 
orthoses, crutches are used only to assist in balance. 

demons t ra ted that the floor reac t ion force 
r ema i ned anter ior to the or thos is and the 
knee jo in t axis th roughout s tance (Figures 
6 A and 6 B ) . 

As s h o w n in Table 1, his l inear m e a ­
surements improved s ignif icant ly w h e n he 
used the anter ior floor react ion or thoses . 
S ince the s ingle s tance t ime inc reased 
w h e n he used the o r thoses , he had more 
l imb suppor t and s tabi l i ty (Figure 7 ) . S tep 
lengths also inc reased s ignif icant ly wi th 
the o r thoses , as did h is wa lk ing veloci ty . 
T h e es t imated external work of wa lk ing 
r e ma i ned approximate ly the same wi th 
and wi thou t the o r thoses bu t because of 
the inc reased wa lk ing veloci ty w h e n the 
b races were worn , h i s gait appeared to b e 
more efficient (Table 1) . 

In summary , for th is pat ient : 
1. S ing le support t ime improved wi th 

the or thoses . 
2 . S t r ide length and walk ing veloci ty 

improved . 
3. Energy c o n s u m p t i o n r e m a i n e d un­

changed . 
4. K n e e flexion w a s still s l ightly more 

than des i red and it w a s postula ted at 



this point that this patient might 
perform better if the orthoses were set 
in slightly more plantarflexion. 

TECHNICAL 
CONSIDERATIONS 

While it is virtually impossible to elimi­
nate the elastic component of the standard 
orthotic materials, it should be noted that 
this elasticity must be reduced to a mini­
mum. In order to harness the floor reaction 
and transfer it to the anterior aspect of the 
distal shank, a very rigid ankle is impera­
tive. The reinforced lamination of the Sal­
tiel orthosis can be adequately duplicated 
with the use of 3/16-inch polypropylene, 
carbon composite reinforcements, and cor­
rugations strategically placed. These mate­
rials offer a less time consuming fabrica­
tion procedure without compromising 
structural integrity or function (Figure 
8A-8C) . 

In pediatric application, special consid­
eration must be given to patellar derange­

ment as a result of absorbing the floor reac­
tion directly on the patella. Because of this, 
at Newington Children's Hospital we have 
modified the anterior proximal trimline to 
end at the distal tubercle, thus not travers­
ing the anatomical knee joint or encompas­
sing the patella. While this trimline does 
reduce the effective length of the lever arm 
in the application of the posteriorly di­
rected forces, this compromise is quite ac­
ceptable as there is sufficient transference 
of the floor reaction to achieve knee ex­
tension. 

Fabrication 
Cast modification of the positive mold 

follows standard procedures with buildups 
on all boney prominences, including the 
crest of the tibia and the tibial tubercle. In 
addition, the periphery of the trimlines is 
built up following the line of progression 
(Figures 9A & 9B). 

Once plasterwork is completed, the 
positive mold is prepared for vacuum 

Figure 8: Finished orthosis. 

A. Anterior view. B. Lateral view. C. Posterior view. 



Figure 9: A modified positive model of an anterior 
floor reaction orthosis. 
A. Model is ready for lay-up of carbon composite 
reinforcements and rope for corrugation. 

B. The horizontal line with the diagonal lines im­
mediately above denotes the distal border of the 
plastazote padding. 

Figure 10: The orthosis molded with the seam kept as 
straight as possible anteriorly. 

mold ing of po lypropylene b y secur ing the 
ca rbon compos i t e r e in fo rcements , rope , 
and P las tazo te® o n the cast . Vacuum 
mold ing o f the po lypropylene is done w i t h 
the hee l o f the cast facing up , w i t h careful 
cons ide ra t ion g iven to o b t a i n i n g a s t ra ight 
s e a m anter ior ly (Figure 10) . T h i s s e a m en­
ables remova l o f the o r thos i s from the cast 
and mus t b e re inforced afterwards b y 
we ld ing po lypropy lene rods to the an ter ior 
aspect o f the o r thos i s , cover ing the s e a m 
and ex tend ing per ipheral ly . 

Dis ta l t r iml ine o f the footplate ex tends to 
the end of the toes . T h i s increases the floor 
lever a rm and enab l e s m a i n t e n a n c e o f fit 
for a longer per iod o f t ime . T h i s modi f ied 
des ign has enab led us to ach ieve o p t i m u m 
cl inical results w h i l e still t ak ing in to ac­
count those factors that are u n i q u e to 
t reat ing chi ldren . 



SUMMARY 
It w a s obse rved that by us ing anter ior 

floor reac t ion o r thoses in pat ients w i th 
cerebral palsy, c rouch gait w a s greatly re­
duced or e l imina ted . Compu te r i zed gait 
ana lyses revealed i m p r o v e m e n t in endur­
ance , ease of ambula t ion , a n d increased 
l inear m e a s u r e m e n t s in the three pa t ien ts 
w h o had pre- and pos topera t ive gait anal­
yses . S ince the start of t rea tment wi th th is 
o r thos i s , the n u m b e r of pa t ients wi th cere­
bral palsy us ing the or thos is has inc reased 
and results have b e e n s imi lar to those de­
sc r ibed in the case report . T h i s success is 
con t ingen t on the p re requ i s i t e s that n e e d 
to b e met w h e n cons ide r ing an indiv idual 
for b race t rea tment . T h e s e p re requ is i t es 
inc lude: 

1. A b s e n c e o f knee or h i p flexion con­
tractures exceed ing ten degrees . 

2 . Careful de te rmina t ion of the angle to 
w h i c h the ankle mor t i se is se t w i t h i n 
the or thos i s in order to op t imize for­
ward progress ion of the we igh t l ine at 
mid - s t ance wh i l e still m a i n t a i n i n g an 
adequa te knee ex tens ion m o m e n t . 

3 . P r e s e n c e o f s o m e t runk b a l a n c e 
and/or the abi l i ty to use auxil iary 
wa lk ing a ids i n the event o f d i ­
m i n i s h e d t runk ba lance . 

4 . P resence of a m i n i m u m of Grade 
three quadr iceps s t rength. 

5. W h e t h e r or not the or thos is is uni lat­
eral or bi la teral . If the we igh t l ine is 
p laced b e h i n d the base o f support , 
bi la teral appl ica t ion makes ba lance 
vir tual ly imposs ib l e . H o w e v e r , the 

s a m e pos t e r io r p l a c e m e n t of the 
w e i g h t l ine is tolerated if only one 
ext remi ty is involved . 

W h e n these p re requ is i t es and specif ica­
t ions were met , the anter ior floor react ion 
or thos i s p roved to b e more successful than 
its p redecessor , the K A F O , in the treat­
m e n t o f uns tab le lower ex t remi t ies in pa­
t ien ts wi th cerebra l palsy. T h e anter ior 
floor react ion o r thos i s has also b e e n used 
successful ly in pa t ients wi th o ther diag­
n o s e s such as m y e l o m e n i n g o c e l e , musc le 
d i sease , and pol iomyel i t i s . T h u s , the pa­
t ien t ' s cl inical p ic ture is more important 
than the actual d iagnos i s in de t e rmin ing 
w h e t h e r or no t to p resc r ibe this part icular 
or thot ic des ign . Fo l lowing the careful de­
te rmina t ion of cand idacy in the pat ient 
wi th crouch gait , the anter ior floor react ion 
or thos i s can provide improved s tabi l i ty 
and m i n i m i z e componen t ry , we igh t , and 
bu lk . 
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