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INTRODUCTION 
O n e of the pr imary goals in the rehabili­

tation of a s t roke pat ient is to deve lop a 
safe and efficient gait. A c o m m o n gait 
p rob lem exhibi ted by these pat ients is a 
dropfoot caused by spasticity of the calf 
muscula ture and /or w e a k n e s s of the pretibial musc les . Th is p roblem is frequently 
correc ted by m e a n s of an orthot ic device, 
commonly , an ankle-foot or thos is ( A F O ) . 
Current ly , there are several types of A F O s 
to select from, the mos t frequently pre­
scribed for the hemipare t ic pat ient being: 

• k l e n z a k - A F O ( K L - A F O ) 
• plastic shoeho rn A F O ( P L - A F O ) 
• spring wire A F O ( S W - A F O ) . 

T h e s e A F O s have similar b iomechanica l 
funct ions a n d c o n t r a i n d i c a t i o n s . 1 , 2 5 T h e 
prescr ipt ion of an A F O is usually based 
upon a physical a s se s smen t of the patient, 
inc luding an a s se s smen t of gait, and the 
b iomechanica l characteris t ics of the A F O . 

Often the initial gait a s ses smen t and the 
evaluat ion of the effect of the orthotic de­
vice during ambula t ion are by subject ive 
m e a n s . The quality of a s se s smen t is, to a 
large degree , dependen t upon the experi­
ence of the c l in ic ian , 9 but at bes t mus t be 
regarded as an unrel iable clinical s k i l l . 2 4 

Therefore , it is not surprising that subjec­
tive a s s e s s m e n t often does not detect sub­

tle changes , due to the or thosis , or result­
ing from the long rehabil i tat ion process . 
Nor does subject ive a s ses smen t allow for 
accurate compar i son , wh ich is essent ial if 
the clinician is to de te rmine improvemen t 
or deteriorat ion requir ing remedial action. 
It is for these reasons that there has been a 
t rend towards i m p l e m e n t i n g objec t ive 
m e a s u r e m e n t of gait to improve subject ive 
a s s e s s m e n t s in clinical fac i l i t i e s . 2 9 To quan­
tify the gait pat tern of a patient in a clinical 
sett ing, the measur ing devices mus t be 
easy to apply and non-restr ic t ive, and the 
results mus t be immedia te ly available and 
easy to i n t e rp re t . 3 1 T w o gait variables 
which have been s h o w n to be useful in the 
a s s e s s m e n t of hemiplegic gait and which 
are fairly easy to measure are the temporal 
(T) and dis tance (D) parameters , such as 
stride t ime and s tep length. O n e technique 
that measures the T /D parameters s imul­
taneous ly is a special ized w a l k w a y . 7 , 3 0 

More commonly , however , these parame­
ters are measu red independent ly . Ink 
pads , or some similar technique m a y be 
used to leave impr in ts on the floor indi­
cat ing the posi t ions of foot/floor contact , 
from which m e a s u r e m e n t s of the spatial 
parameters of gait can be m a d e . 5 Electrical 
swi tches of var ious forms can be used to 
de te rmine the durat ion of foot/floor con­
tact, thereby al lowing the temporal pa-



rameters of gait to be c a l c u l a t e d . 1 0 By 
utilizing a n u m b e r of swi tches distr ibuted 
on the sole of the shoe , footswi tches can 
provide information on the sequenc ing 
pat tern of foot/floor c o n t a c t . 3 3 

M a n y s tudies have ana lyzed hemipa-
retic gait us ing different techniques , such 
as the e lec t romyographic pat terns of the 
musc les of the lower l imb and stride kine­
m a t i c s . 1 1 , 2 1 , 2 2 , 2 8 T h e results from the stride 
k inemat ics indicate that hemipleg ic sub­
jec ts walk significantly s lower and take 
shor ter stride lengths than able-bodied 
pe rsons . T h e hemipare t ic subjects spend 
less t ime in s tance on the affected l imb and 
thus demons t ra te a greater degree of 
a symmet ry in their gait p a t t e r n . 2 9 Gai t 
a symmet r i e s wi thin the var ious c o m p o ­
nen t parts of the suppor t phase have also 
been s h o w n in pat ients wi th residual 
h e m i p l e g i a . 3 2 T h e rehabil i tat ion p r o c e s s 1 8 

and the degree of motor r ecove ry 3 have 
b e e n shown to improve the hemipare t ic 
gait. Wi th rehabil i tat ion and increased 
motor recovery, us ing the B r u n n s t r o m 
m e t h o d with Fuge l -Meyer scoring, hemi­
paret ic subjects have b e e n shown to walk 
faster with improved symmet ry (using 
single support t ime as a measure of sym­
metry) . S ing le suppor t t ime and stride 
leng th increased on the affected side, 
while double support t ime (period be­
tween heels t r ike of the sound leg and 
toe-off of the paretic leg) d e c r e a s e d . 3 T h e 
foot/floor contact pat terns for hemipare t ic 
s u b j e c t s w i t h o u t o r t h o s e s h a v e b e e n 
s t u d i e d u s i n g h e e l a n d t o e f o o t -
swi t ches . 8 , 11 , 2 8 In one of these s t u d i e s , 2 8 

the subject p rogressed from making initial 
contact wi th the toe only to a flat-footed 
contact in which bo th hee l and toe made 
contact wi th the g round s imultaneously. 
O the r s tudies have s h o w n the foot-floor 
pat terns for hemipare t ic subjects using 
various o r t h o s e s . 1 6 , 2 7 L e h m a n n , et a l . 1 6 

found that all the A F O des igns they 
s tudied res tored a normal hee l to toe foot 
contact pat tern, a l though differences were 
found in the durat ions of the var ious tem­
poral phases of the gait cycle. In a com­
parison of o r thoses used by subjects with 
severe plantarflexion spasticity, it was 
found that plastic A F O users m a d e initial 

contact wi th the heel , whe reas those using 
the B I C A A L or thosis m a d e contact wi th 
the forefoot, the implicat ion be ing that , for 
this type of pat ient , the use of plastic rigid 
A F O results in a more normal sequence of 
foot-floor c o n t a c t . 2 7 

Most of the s tudies that have c o m p a r e d 
different A F O des igns have util ized able-
bodied s u b j e c t s . 1 3 , 1 4 , 1 5 , 2 3 , 2 6 The p rob lem 
with us ing able-bodied subjects is that 
they would be capable of using c o m p e n ­
satory pat terns that individuals with ex­
tensive motor changes would be unable to 
perform. In a compar i son of three different 
plastic A F O s , us ing bo th able-bodied and 
hemipare t ic pat ients , the relative dura­
t ions of s tance and swing were cons is ten t 
in bo th g r o u p s . 1 6 There were significant 
differences in the durat ion of mids tance 
(defined as the per iod from heel-s t r ike to 
heel-off) and pushoff phase ( the per iod 
from heel-off to toe-off) . T h e hemipare t ic 
pat ients spent more t ime in mids tance and 
less t ime in push-off . D u e to the l imited 
plantarflexion provided by all the P L -
A F O s , knee instability occurred during 
heel-s t r ike , but adequate toe c learance was 
provided by all the o r t h o s e s . 1 6 A t hee l 
str ike, wi th the plastic rigid A F O , normal 
plantarflexion of the ankle is e l iminated 
and thus restricts the progress ion of foot 
flat. Th i s m a y even occur with the foot 
locked in slight plantarflexion. In order for 
the hemiparetic patient to obtain foot flat, 
whi le the ankle is locked, compensa to ry 
m e c h a n i s m s , particularly at the knee , have 
to be util ized. In two studies compar ing 
convent iona l A F O s (metal and leather or­
thoses) and plastic A F O s , 6 , 2 7 bo th types 
improve the walking speed of the hemipa ­
retic. In the first s tudy, 6 there was no sig­
nificant difference in the oxygen c o n s u m p ­
tion using e i ther or thosis . In the second 
s t u d y 2 7 us ing rigid o r thoses , the plastic 
A F O users had heels t r ike occurring nor­
mal ly in 15 to 16 pat ients , whi le the B I ­
C A A L h a d 9 of 16 normal occur rences . T h e 
plastic A F O s demons t ra ted the normal 
loading pat tern of metatarsal f ive/metatar-
sal one , or metatarsal f ive/metatarsal one / 
great toe , while the users of the B I C A A L 
or thosis did not cons is tent ly demons t ra te 
this character is t ic pat tern. 



T h e purpose of the s tudy was two fold: 
to quantify if there were any differences in 
the tempora l sequenc ing of foot/floor con­
tact or in the temporal stride k inemat ics of 
the hemipleg ic pat ients walking with and 
wi thout an or thos is , and to evaluate the 
feasibility of utilizing footswi tches and a 
te lemetry sys tem as a s ses smen t aids in the 
clinical sett ing. 

METHODOLOGY 
S e v e n hemipare t ic pat ients volunteered 

to part icipate in the study, of w h o m five 
were male and two female all be tween the 
ages of 50 and 75 years . Sub jec t select ion 
was based upon the following criteria: 

• a s t roke that had occurred more than 
18 m o n t h s prior to the study; 

• n o limiting soft t issue contractures o f 
the lower l imb; 

• n o severe fixed joint deformities; 
• mild to modera te increased tone o f 

the gas t rocnemius-so leus ; 
• no recept ive aphasia; 
• nonapraxia ; 
• min imal superficial sensory loss; 
• capable o f walking eight to ten meters 

with or wi thout an ambula tory aid; 
• had been previously prescr ibed ei ther 

the K L - A F O , P L - A F O , or S W - A F O . 
O n l y one subjec t (C) required an acces ­
sory; a lateral T-s t rap to control a modera te 
lateral ankle instability (varus) during the 
weight -bear ing stage. A s u m m a r y of the 
character is t ics of the subjects is p resen ted 
in Table I. 

T h e K L - A F O cons is ted of four basic 
c o m p o n e n t s : 

• a steel stirrup, which was a t tached to 
the shoe ; 

• a mechanica l jo int , wh ich included 
spr ings to provide dorsiflexion assist 
and a 20 degree plantarflexion stop; 

• bilateral a luminum uprights; 
• an a luminum calf band, covered with 

lea ther and a leather strap for the c lo­
s u r e , l o c a t e d a p p r o x i m a t e l y 3/4" 
be low the fibular head . 

All the K L - A F O s utilized a convent iona l 
ankle a l ignment , as opposed to the ana­
tomical me thod , w h e r e the mechanica l 

jo in t s are a l igned wi th the malleoli and 
tibial torsion is accoun ted for. 

T h e P L - A F O was fabricated from 3 / 1 6 " 
polypropy lene mo lded to a plaster posit ive 
mode l of the subjec t ' s leg. T h e P L - A F O s 
were o f the semi-flexible type rather than 
the flexible type . The flexibility of a given 
or thosis depends primarily upon the trim-
l ines a round the ankle joint . The orthosis 
was m a d e to fit inside the subject ' s shoe , 
and the c losure at the proximal end was by 
m e a n s of a V e l c r o ® fastener. The or thosis 
was fabricated to hold the foot in approxi­
mate ly 0°-5° of dorsiflexion. 

T h e S W - A F O or thosis was m a d e of 
spr ing wire and an a luminum calf band 
with a leather cover ing and closure . The 
dorsiflexion assist w a s provided by a loop 
in the wire , located at the point of at tach­
men t to the shoes . T h e spring wire was not 
firmly a t tached to the shoe , but a l lowed 
easy remova l for transfer from one shoe to 
another . 

T h e footswitch and te lemetry sys tem 
used in this s tudy was a commercia l ly 
available sys tem des igned for clinical use . + 

The footswi tches , wh ich were incorpo­
rated into an insole , moni to red the floor 
contact t imes of the following foot regions: 
heel (HL) , metatarsal 5 (M5) , metatarsal 1 
( M l ) , and greater toe ( G T ) . T h e foot­
swi tches were a t tached to the sole of the 
subjec t ' s shoes with tape. Each footswitch 
p roduced a different vol tage output w h e n 
c losed, and hence a different pen deflec­
tion on the polygraph recorder. All combi ­
nat ions of switch contacts were u n i q u e . 4 

The footswi tches were connec ted to a 
t ransmit t ing box, located around the sub­
jec t ' s waist , by thin wires . The footswitch 
data were picked up by a receiver, the out­
put of which w a s recorded on a polygraph. 
This sys tem was initially checked , cali­
brated, a n d tested for reliability, us ing two 
normal subjects . 

T h e subjects were required to walk a dis­
tance of ten mete r s . T w o optical swi tches 
were u sed to detect w h e n the pat ient en­
tered and left the central six meters of the 
walkway. Four channe l s were util ized on 

+ B & L Engineering, Santa Fe Springs, California. 



the polygraph. A t iming marker conf i rmed 
the paper speed (50mm/second ) and pro­
vided a t ime c o m p o n e n t for the measure ­
men t of the stride k inemat ics . Dis tance 
markers (output from the optical swi tches) 
del ineated the data to be analyzed from 
which to calculate walk ing speed. T h e two 
remain ing channe l s were used to record 
the footswitch data from bo th feet inde­
pendent ly . 

Each subject was required to walk at a 
self-selected comfortable speed under two 
condi t ions (where poss ib le) . The first con­
dition w a s with the or thosis on, and the 
second condi t ion was without the or tho­
sis. A training per iod w a s permi t ted to 
al low the subject to b e c o m e familiar with 
the exper imenta l se tup and to b e c o m e 
familiar wi th the imposed condi t ions . A 
m i n i m u m of three walks were recorded for 
each condi t ion. T w o subjects (C and E) 
could no t walk wi thout an or thosis . 

T w o walking trials were ana lyzed for 
each condi t ion per formed. Four consecu ­
tive strides from the central six meters of 
the wa lkway were ana lyzed for each trial. 
The se lect ion of the strides to be analyzed 
was based on the cons i s tency of the raw 
printout . T h e following points were digi­
t ized** from the foot/floor output on the 
polygraph: hee l on, off; M 5 on, off; M l on, 
off; toe on, off; and swing phase foot con­
tact on, off, indicat ing scuffing dur ing the 
swing phase . The output from the optical 
swi tches , indicating w h e n the subject en­
tered and left the central six meters of the 
walkway, was also digit ized. T h e X - Y co-
ordinates of these points were input to a 
mainframe compute r*** for process ing and 
s torage. The temporal gait variables calcu­
lated from these data were the walking 
speed , s tance period, swing period, dou­
ble support per iods, symmet ry (single 
support t ime ratio), and the onset and du­
ration of heel , M5 , M l , and toe contact for 
bo th feet. 

RESULTS 
Table II s hows the tempora l k inemat ics 

for each subject with and wi thout an or­
thosis . T w o subjects (C and E) could no t 
walk wi thout their or thosis ( K L - A F O ) and 
therefore, were , only tes ted under one 
condi t ion. The m e a s u r e m e n t s inc luded 
stride t ime ( S T ) , braking double suppor t 
( B D S ) (defined as the per iod of double 
support following initial foot/floor con­
tact) , s ingle support ( S S ) , thrust ing double 
support ( T D S ) (defined as the per iod of 
double suppor t immedia te ly preceding the 
final foot/floor contac t ) , total support ( T S ) , 
and swing ( S w ) . T h e s e are p resen ted for 
the paretic l imb only; howeve r , wi th these 
data, the values for the unaffected side can 
also be de te rmined . Thus , swing on the 
paret ic side is equal to single support on 
the contralateral side. Note also that total 
support for the unaffected side will be 
longer than that for the affected side if 
s ingle suppor t is greater than swing on the 
paretic l imb. Also inc luded in this table are 
data from heal thy able-bodied males aged 
60 to 6 5 . 1 9 

Table III s h o w s the results for the with 
and wi thout or thosis condi t ions of the 
onse t and durat ion of floor contact of the 
various parts of the foot. On ly the results 
from the paretic side are shown . T h e nor­
mative data shown in this table are esti­
mated values obta ined from a representa­
tive pa t t e rn . 4 

DISCUSSION 
Stride Kinematics 

All of the subjects walked s lower than 
able-bodied individuals for both condi­
t ions. T h e walking speeds ranged from a 
low of 0 .07m/s to a m a x i m u m of 0 .6m/s , 
this latter value be ing less than half that of 
the speed adopted by an able-bodied el­
derly m a n walking at a self-selected nor­
mal speed . The differences seen in velocity 
be tween the two condi t ions are no greater 
than one might expect from two traverses 
of the wa lkway even for an able-bodied 
subject , the except ion to this be ing subject 
G , w h o s h o w e d a marked increase in 
walking speed while wear ing an or thosis . 

**High Precision Co-ordinate Digitizer, Gentian 
Electronics Ltd., Kanata, Ontario, Canada. 

***Cyber 150/580, Control Data Canada, Mississauga, 
Ontario, Canada. 



W h e n expressed in terms of percen tages 
o f stride t ime, the durat ions of each of the 
double suppor t phases , as well as the total 
suppor t phase , all increase with a decrease 
in walking speed , whe reas single support 
and swing bo th decrease . This certainly 
he lps to explain some of the differences 
no ted be tween the data shown for the 
hemip leg ic subjects and the normal val­
ues . H o w e v e r , the mos t not iceable differ­
ences in the tempora l k inemat ics are the 
pa t ien t to pa t ien t variabil i ty and the 
asymmetr ica l nature of the walking pat­
tern. All the subjects , in bo th condi t ions , 
spen t more t ime in total support on the 
sound leg than on the paretic leg, a finding 
that is in ag reemen t with a n u m b e r of 
o ther s tudies o n hemipleg ic g a i t . 2 9 , 3 2 T h e 
favoring of the paret ic limb is also reflected 
in the shor ter s ingle support phase on that 
side compared to the sound l imb ( i .e . , the 
swing t ime of the paretic l imb) . It has been 
s tated by Brandsta t ter , et a l . 3 that hemipa-
retic gait is bes t character ized by single 
support symmetry . The durat ion of the 
two double support phases is very similar 
in s o m e subjects (A, B , C, and D) and very 
marked in others (E, F, and G ) . Th is varia­
bility in asymmetry , bo th in extent and po­
sition within the support phase is a feature 
that has been d iscussed by Wall and Turn-
b u l l 3 2 with respect to a group of residual 
s t roke pat ients . 

For all subjects except F, the durat ions o f 
the phases remain virtually unchanged be­
tween the two condi t ions , even for subject 
G in w h o m a marked increase in walking 
speed was no ted while wear ing an or tho­
sis. A l though there is very little difference 
in walking speed or stride t ime be tween 
the two condi t ions for subject F, the dura­
tion of the braking double support phase 
increases as did the total suppor t phase 
w h e n using an or thosis . S w i n g t ime de­
creases also and the result is a more sym­
metrical walking pattern. 

Sequencing Pattern of the Foot/Floor 
Contact 

Table III s h o w s the normal sequence of 
foot/floor contac t us ing data from another 
s tudy. 4 Here initial contact is m a d e with 

the heel fol lowed by M 5 , M l , and finally 
the great toe. A feature c o m m o n l y seen in 
hemip leg ic gait pat terns is a drop foot in 
which initial contact is m a d e with the fore­
part of the foot and this is often associa ted 
with toe contact dur ing part or all of the 
swing phase (scuffing). If there is also 
varus, then initial contact is with the M 5 
region ra ther than wi th the toe. Sub jec t s 
A and F demons t ra ted this pattern w h e n 
walking wi thout an or thosis . T h e fact that 
the earl iest contact made by subject A 
in this condit ion is shown as occurring at 
1 .6% of the stride, ra ther than zero, can be 
accoun ted for by the data shown: m e a n 
values of four strides are for each of two 
walks . Sub jec t A never had the heel of the 
paret ic foot in contact wi th the ground, but 
was still able to clear the g round during 
the swing phase . Howeve r , subject F 
demons t ra t ed scuffing. T h e applicat ion of 
an or thosis e l iminated this gait p rob lem in 
both subjects and resul ted in a relatively 
normal sequenc ing pattern, as charac­
terized by initial H L contact , fol lowed by 
M 5 , M l , and finally GT. 

T h e paretic leg exhibi ted a fairly normal 
sequenc ing in both condi t ions in subjects 
B , D , a n d G . T h e r e were no major altera­
t ions in the gait with the use of an or thosis . 

For subject C, the paretic leg only had 
floor contact by the H L and M 5 regions . 
This s t rongly sugges ted that the or thosis 
main ta ined the ankle/foot complex in a 
varus posi t ion, indicat ing that the weight 
was bo rne only on the lateral aspect of the 
foot. T h e possible reasons for this pattern 
were e i ther a poor a l ignment of the m e ­
chanical jo ints , the ankle may have as ­
s u m e d a varus or ientat ion within the or­
thosis during weight bear ing, the knee 
may have gone into varus, or the sole of 
the shoe may have b e e n worn on the lat­
eral aspect (which is usual ly the result o f 
one of the previous factors) . 

T h e paret ic leg of subject E exhibi ted a 
flat-foot gait, with a lmost s imul taneous 
contact of the H L , M 5 , and M l regions . 
Heel- r ise occurred prematurely, and there 
was a pro longed contact of M 5 . The flat-
foot a n d premature heel- r ise pat terns may 
be re la ted to the angle that the or thosis 
was set in and to the rigidity of the A F O 



Table I. 

Table II. 

( the or thosis was a P L - A F O ) . For ins tance , 
if the foot w a s main ta ined in a sl ight plan-
tarflexed posi t ion, toe c learance and heel 
strike may still occur , yet M 5 and M l con­
tact would occur earlier. If the or thosis was 
rigid as well , the dorsiflexion that normal ly 
occurs during mids tance , will be resis ted 
and the forward progress ion of the body 
would be reduced . T h e hemiparet ic sub­

jec t may com pensa t e by exert ing a greater 
force at pushoff on the sound side in order 
to "vau l t " over the paret ic l imb. Th is 
would resul t in an early heel-r ise , if the 
plantarflexion or ientat ion w a s main ta ined . 

Walk ing speed and single support ( S S ) 
t ime are the principle measu re s of perfor­
m a n c e . 2 , 1 0 , 1 7 , 2 0 S ing le suppor t t ime has 
also b e e n used to reflect the subject ' s abil-



Table III. 

ity to load the l imb and the symmet ry of 
the gait p a t t e r n . 1 0 , 1 7 , 2 0 In this study, three 
o f five subjects increased the walking 
speed , albeit marginal ly in two of the sub­
jec t s , wi th a concommi tan t increase in the 
S S t ime. Based on the walking speed and 
single suppor t time variables, only three 
subjec ts improved their gait per formance 
with the or thosis . The re w a s a decrease in 
four of the five subjects for the S S t ime. 
Th is sugges ted that the or thoses enab led 
the subjects to increase the time spent o n 
the paretic leg, and/or decrease the t ime 
spen t on the sound leg. The longer double 
suppor t per iods ( B D S and T D S ) reflected 
the insecuri ty of the subjects , even with 
the or thosis . 

T w o subjects had a decrease in the 
walking speed and S S t ime. T h e decrease 
sugges t s a decl ine in the gait perfor­
m a n c e , but the stride k inemat ics do not 
provide a comple te picture of the role the 

o r thoses played. In many pathological 
c o n d i t i o n s , t he n o r m a l foo t / f loor s e ­
quenc ing pat tern is a l t e r ed . 1 7 The al tered 
foot/floor pat terns inf luence the subject ' s 
securi ty and safety during ambulat ion. In 
two subjects (A and F) the drop-foot pat­
tern was eliminated and a normal sequenc­
ing pat tern was re-es tabl ished with the or­
thosis . T w o subjects (C and E) required the 
or thosis to ambula te , wh ich in itself is in­
dicative of improved per formance . In bo th 
cases , the or thos is a l lowed the subject to 
walk, but there were p rob lems with their 
gait as reflected in the foot/floor s equenc ­
ing pat terns . In three subjects , a l though 
the sequenc ing was similar, the durat ions 
were reduced , approaching normal t imes. 
Thus , it appeared that the or thoses im­
proved the foot sequenc ing pat terns and 
stride k inemat ics . For some the improve­
m e n t w a s minimal , but for o thers it was 
qui te significant. 



There were several l imitations to the 
study: 

• the n u m b e r of subjects and subject 
trials 

• the he te rogene i ty of the subject group 
(the subjects were of varying s tages of 
motor recovery and no screening was 
done) 

• the use of only one me thod of objec­
tive gait measu remen t . 

CONCLUSIONS 
T h e A F O is mos t often prescr ibed to 

prevent dropfoot and provide medial/ lat­
eral stability to the ankle/foot complex . 
T h e or thosis is des igned to enable the 
hemipare t ic to walk safely by reducing the 
risk of s tumbling, and efficiently by re­
ducing the need for compensa to ry move ­
ments , such as h ip hiking to assist a drop 
foot in clearing the ground during the 
swing phase . By controll ing the unstable 
ankle/foot complex and reducing the need 
for compensa to ry pat terns , walking speed 
and asymmet ry , may be improved . This 
s tudy found that gait s y m m e t r y and 
walking speed were similar for both condi­
t ions in mos t cases , suggest ing that the 
applicat ion of an A F O does not a lone lead 
to improved s y m m e t r y and inc reased 
walking speed . T h e role of the A F O w a s 
bes t demons t ra ted in subjects A and F, 
w h o exhibi ted dropfoot pat terns w h e n not 
using an or thosis . This w a s e l iminated 
with the applicat ion o f the A F O s . Three 
subjects (B , D , G ) did not exhibit any 
major c h a n g e s in the temporal sequenc ing 
pat terns or in the measures of gait effi­
ciency. But there are several under ly ing 
factors that mus t be recognized before 
making any decis ions on the function of 
the o r thoses . W h e n the A F O was pre­
scribed, the need for the or thosis m a y have 
been greater due to lesser motor recovery 
level and poorer ba lance . Wi th improved 
motor recovery and the cons tan t use of the 
A F O for several years , the habi tuated pat­
tern of walking may have been main ta ined 
during the short t ime that the pat ient w a s 
tes ted wi thout an or thosis . Wi th fatigue 
and p ro longed walking without the or tho­
sis, a footdrop pat tern m a y develop and 

increase the risk of tr ipping. All the pa­
t ients felt insecure wi thout the or thosis , 
even with the level walking condi t ions of 
the laboratory. O n uneven terrain, this fac­
tor would b e c o m e far more impor tant . The 
provis ion of an A F O does not guarantee 
improved walking pat tern, and in the case 
of subject C, a l though the A F O enab led 
h im to walk, the pat tern appeared to be 
unstable due to the contact only on the lat­
eral aspect . There were many poss ible 
reasons for this, but opt imal anatomical 
a n d m e c h a n i c a l j o i n t a l i g n m e n t a n d 
periodic checkups , to ensure that footwear 
and the or thosis are appl ied and operat ing 
properly, will reduce the chance that such 
a si tuation will occur . 

T h e footswi tches were easy to apply and 
nonrestr ic t ive . The set up t ime for the ex­
per iment , for each subject required ap­
proximate ly 20 to 30 minu tes . T h e results 
were not immedia te ly available following 
data collect ion in this study, but the sys­
tem could be au tomated with on- l ine data 
col lect ion and process ing performed with 
a compute r . A sys tem which al lows this to 
be done is in fact commerc ia l ly available 
through the manufacturers of the te lem­
etry unit. The footswitches do provide use ­
ful information which could a u g m e n t the 
usual ly subject ive a s ses smen t . For exam­
ple, by quantifying the gait pa t terns of the 
hemipare t ic patient , unass i s ted and or-
thot ical ly-assis ted, as ha s been done in 
this study, one can demons t ra te the effec­
t iveness of the or thosis in at taining a more 
normal gait pat tern. T h e quantif ication of 
the gait pat tern may also assist in detect ing 
abnormal gait pat terns and may aid in re­
habil i tat ion by providing numerical infor­
mat ion for future compar i son , necessary in 
moni tor ing the progress of the pat ient . 
H o w e v e r , s ince the footswi tches pro­
vide only k inemat ic data, the under lying 
reasons for the pat terns of foot/floor con­
tact have to be inferred. Suppor t ing ana­
lytic me thods , such as video, film, or go-
n iomet ry would provide useful addit ional 
information which might , in turn, lead to 
de termining wha t kinet ic m e a s u r e m e n t s 
should be made to bet ter unders tand the 
under ly ing causes for a given gait devia­
t ion. T h e footswitch sys tem is useful as a 



first s tep in the supply of object ive data to 
a u g m e n t the obse rva t iona l t e c h n i q u e s 
mos t c o m m o n l y used to assess gait in the 
clinic. Indeed footswi tches provide one of 
the few techniques by which one can de­
te rmine the sequence in which var ious 
parts of the foot m a k e contact wi th the 
ground and have proved ext remely useful 
in this s tudy w h e r e orthot ic devices have 
been emp loyed to overcome abnormal i t ies 
in this aspect of the gait cycle . 
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