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Introduction

Measurements of (the distribution of) forces or pressures

exeÍed on the footsole during locomotion are helpful in
the quantitative assessment of the biomechanical condi-
tion of the musculo-skeletal system. These recordings

can lead to an increased insight into the general mechan-

ics of gaitl-l0, the mechanical characteristicsl'3'5'7'1r-r7 and

progress of disordersl8're and the effects of therapeutic
intervention s ( surgery,t 4'17'20 -24, footwe ar3'7'2s'26 and oÍh o s -

es,,t ,rt).

Several techniques are used: force platformse''n-tt (strain-

gauge systems3's'20'24't1, piezoelectric systemrr'tr'2e'3r--u1 or
pressure distribution systems. Pressure distribution could
be recorded with the help of pressure platforms (capac-

itive transducers,35'36 resistive transducers,6'37 optical s1's-

tem (pedobarograph),a'11'14'18're'2r'22'27-2e'38-40 Harris foot-
printing mat (versions),ts'41'23'30'42'44; discrete pressure

iransducers attached to the footsole,2'r6'4s'46 or pressure in-
soles.25'07'48 In practice every choice appears to have spe-

cific problems.

Since measurement of more than one step in a "Ítatlural"
rhythm is preferable8'2e and most people weaÍ shoes, rec-

ordings with insole systems seem to be ideal. However
these insoles are also characterized by some technical
problems.t The technique is susceptible to effects of
bending, temperature and humidity.4e The sensors have to

be placed in relation to the relevant foot structures and

must not interfere with the normal gait pattern as a result
of unfavourable pressure changes by the insole oÍ sensors

in itself.as'ot Different sizes of the insoles are required.

V/ith regard to platforms the measure of the sensitive
area varies from 12.5 x25 cm s till 61 x 61 cm,7 accord-
ing to the literature we have read.r0'24's0 In particular the
pressure platforms have rather small sensitive areas. In
that case the chance to hit the platform while walking is
restricted and the test subject has to repeat his walk a
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number of times.ze'33 Manufacturers make such restricted

measures of pressure platforms not without a reason. The

larger the number of pressure sensitive sensors in a plat-
form. the more time it takes to scan all the sensors and

the smaller the sample frequency will be.

To compose an average value of the analysed patameter,

as a reliable representative of the "natnral" gait of the test

subject. it is necessary to repeat the measurement of the

rt.p lpotribly for both the right and left side).11'2e'5t 1n u

study with 10 healthy volunteers Hughes et al. calculated
that an excellent level of reliability (coefficient of relia-
bility= .9) was achieved when the data of 3 or 4 walks of
one measurement session were used for the force and
pressure variables and the contact area. "Measurements

related to time were more variable."s0

Abstract

In gait studies with pressure or force platforms re-

searchers try to achieve the recording of a "natural"
walking pattern of the subject. They deal with limits
in dimension of the platforms, which implies a re-

stricted probability of hitting the sensitive surface and

a number of walks with missed steps. Especially for
patient: s ith impaired locomotion, repetition of runs

could be a challenge to their compliance and endu-

rance. A method which aims at an increase of the
probabilitl of hitting, with maintenance of a"rratlf,ral"
gait pattem. is presented as a possible choice. The
prop,osed approach of using a tatget, two step lengths

in tront of a hidden platform, is tested on practical
t-easibilitr and efficacy and compared with 3 alterna-
tir e methods. Fifteen patients with ambulation dis-

turbances of different origin walked on a walkway
and the number of hits during maximally twenty-five
run\ \\'as recorded. The results confirm and quantify
the ertent of the expected difficulties. Methods with a

target or starting-point were not effective on patients
s ith a distinct variable step length. The three most
promising methods scored equally poor. Respectively
6. 7 and 8 patients were ngt able to produce three hits
tor each foot during twenty-five runs. The results
torm arguments to inquire into another, less frequent-
lr arocated method: "first-step" data collection.

Kel r+'ords: Biomechanics; Gait analysis; Pressure/
torce platforms.
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The minimal number of recorded steps u ith reliable aver-

age values of the selected parameters depends on the

ability of the equipment to record accurately, the method

used to extract data and the abilitl of the subject to walk
repeatably.so

Especially for patients s ith impaired locomotion the rep-

etition of walks could he a challenge to the compliance

and endurance of the:e penons.t' Another factor depends

on the individual characteristics and is illustrated by the

observation of patierl: s ho show, in the laboratory, an

excessive tendencr t('t pertorm their task well, which can

result in an abnormal gait pattern.

Reports previouslr published have described instrumen-
tation and technique: lo measure forces or pressures ex-

erted on the footrole durin-s locomotion. Several of these

publications do not sir.e complete information about the

followed mea\urement protocol which describes the

(standard ) mea\urement conditions, whereas every re-

searcher had to deal u ith a choice of the study situation.

We assume that a "natural" gaiÍ pattern and thus repeat-

abilitl is intluenced b1' several factors which should be

described in the measurement protocol (length of the

walku'ar. possible use of a camouflaged platfoÍïn, waÍn-
up tnals. the control of walking speed and frequency,

...).

A visible plattorm can result in a greater hit percentage,

but also in an aberrant step if the subject adjusts his step

length to hit the platfoÍm anyway. Hughes stated in her

thesis: "Alterations in gait of this kind can be observed

by a trained operator and those results discarded.tt. Cam-

ouflage of the plates't0'l7 is probably only necessary

where the equipment is to be used by a number of inex-
perienced people".5r

To achieve a "natural" gait pattern researchers let their

test subjects perform a "free walk" at !hgi{ preferred

comfortable or "normal" speed.5-7'e't3't4'r8'21'3s's' A com-

plete free walk results in many steps which miss the plat-

formre or. with a visible platform, in an unnatural step

when the subject adjusts his stride length in order to hit
the platform.-'3'tt These restraints are met more extremely
in siudies with running subjects.l'32

The accomplishment of a greater chance to hit the sensi-

tive area could be helped by using an adjusted starting

position some step lengths away from the plat-

form.-3's'7'r0'3s'13 This method requires a number of test

walks to determine the correct starting position for the

individual33 and could lead to problems with mimicking
the "natural" cadence if subjects make deliberate effort to

achieve a good hit.e'l0

A test situation without missed steps could be achieved

by starting to walk at one step lengt4^ l*uy from the

piatform : ;' first- step " measure ment.'2'a2'43'ae Di s adv antag-

es of this method, as opposed to "mid-gait" data collec-

tion, are the lower peak pressures (especially in the heel

region)r2'43 and a walking pattern with lesser balance dur-

ing the first step(s).

journal of rehabilitation sciences 6, nr. 4 - 1993

While working with a pressure platform in a preceding

non-published clinical studl' on pre- and postoperative

hallux valgus patients, the above described restraints

weÍe met. In order to achieve the combination of a "nat-

ural" walk with a good probability of hitting a new meth-

od was developed.

The purposes of the present study are to quantify the

practical feasibility and the efficacy (probability of hit-
ting) of this new method and to make a comparison with
three alternatives.

Methods and materials

A new method
The new method, which is presented in this article, coÍre-
sponds with a method used by long jumpers in athletics,

who want to end with their steps just on the push off bar'
They measure out a predetermined number of steplengths

in front of the bar, and place there a mark which will be

used as a target. During the first part of the run, the

athletes make one step with one particular foot just next
to the mark and continue their run in a way they can

reach the bar at the end of the walkway with the prede-

termined foot.

The measurement protocol which was used in the men-

tioned clinical research is as follows. The pressure plat-
form (EMED-F system, Novel GmbH, Mtinchen) was

mounted in the floor and camouflaged by a thin carpet

which covered the whole length of the 7 meter walkway.
This carpet (cotton on a rubber base) was fixed to the

floor with adhesive tape and did not fold or shove away

during walking, nor did it significantly change the pres-

sures recorded by the platform sensors. The subjects

were asked to walk barefoot between two parallel lines
(aÍ 25 cm mutual distance) on the walkway as normal as

possible, at a comfortable free speed and frequency,

while looking straight forward to a cross on the wall.
While doing this they had to hit, with one foot, a rubber
sheet (25 x 25cm) which was positioned approximately
two step lengths in front of the sensitive area of the plat-

form and continue their walk till the end of the walkway
(Fig. 3). After observation of approximately 3 warm-up
runs the position of this rubber "taÍget" was eventually
adjusted to a changed step length and meanwhile an opti-
mal starting-point was determined and indicated on the

carpet with a piece of adhesive tape.

In this manner the subjects thought that the "target" was

the measurement device and they were not conscience of
the real location of the pressure platform. Furthermore,

sometimes the subject showed a visible deviation of his

normal step length at the moment of hitting the target.

Two steps later, when the platforÍn was hit, the gait pat-

tern looked normal again.

The observer (APS) made the decision if the hits were

good enough for data storage and analysis. An "accept-

able hit" was performed if the sensitive area of the plat-

form was hit by the whole plantar surface of the foot, if
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Table I. Patient characteristics

Nr Sex Age Primary diagnosis Impairments with regard to
walking

O rthopaedic applianc e s

I M 40 N. tibialis lesion (right) Pain in foot Orthopaedíc shoes

) F t9 Traumatic lesion tendons and
nerves offoot flexors (right)

Pain infoot, hammer toes,

diminished range of motion
of ankle

arthopaedic shoes

3 F 72 Reurnatoid arthritis : multiple

foot operations
Bilateral: hallux valgus and
claw toes,lefi: ankle in
valgus

Orthopaedic shaes

4 M 21 Bilateral congenital leg
deformities, Syme amputation
(right)

Fatigue and pain in legs Bilateral prostheses

5 M 27 Motor accident, lower-le g
amputation (left)

Fatigue and pain in legs Foreleg-prosthesis

6 M l8 Meningitis + Waterhouse
Friedrichsen Syndrome,
lower- le g amputation ( left )

Fatigue and pain in legs Foreleg-prosthesís

7 F 62 C onus syndrome, extirpation
meningeoma ThL0-12

Paresis left leg Semi-orthopaedic shoes

B F 44 Burned IejI leg, multiple
operations knee and ankle

Le g-length discrepancy, left :
diminished range of motion
of ankle, pes varus, missing
toes, painful hip

9 M 46 Buerger' s disease, lower-leg
amputation (left)

Wide trace Foreleg-prosthesis

10 F 68 Caudal neurinoma, 2x sur ge-

ry
Paresis left leg Dynamic ankle orthosis

II M 20 Traumatíc upper-le g amputq-
tion (left)

Fatigue and pain in legs Prosthesis

I2 M 35 Il[ultiple trqunta' s, thr ough-
knee amputation (left)

Fatigue and pain in legs Prosthesis

t3 M 58 Buerger' s disease, partial
ampuíatíon digit I-5 (left)

Pain in hallux, walking on
lateral aspect of footsole

Orthopaedic shoes

t4 M 6I Diabetes mellitus, amputation
digit, (right)

Impaired sensibility Orthopaedic shoe

l5 M 23 Motor accident, crush lesion
right foot, surgical amputa-
tion digit, and part of first
metatarsal

Pain infoot Qrthopaedic shoes

sanl:
5F
10M

mean:
4I
ranSe:
19-68
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the step on the platfonn ltrt,k..d "nonnal" and if the step

on the target deviated at lllrrrt rlirhtll from the regular

pattern.

In the present studl the .rh.r\ r' tir'.'ribed ntethod was test-

ed on practical feasibilitr .inJ cï I'icrcr (probability of hit-
ting) and compared ri itll -r' .,,1.'rnlttive methods.

Patient popultttittrt
Eightteen patient: r i. it irt r the "foot disorder consulting
hour" at the departntc'nt oi Rehabilitation, of the Uni-
versity Hospital Rt.rttr'rdilnt. Dijkzigt, were invited to

cooperate in the pre :c-n[ :tudy. These patients were esti-

mated to har e entrush endurance to walk for approxi-
mately 500 nt ri ithout crutches or other walking aids.

Three of the eightteen participating patients were not able

to perfomt the task completely as a result of increasing

tiredness r)r poor postural balance with fear to fall, and

were exclucJed trom statistical analysis.

The remaining group of patients consisted of 5 females

and 10 males. The average age of these women was 53

(ran.-ee: 19-72), of the men it was 35 (range: 18-61). Sex,

age, primary diagnosis, impairments with regatd to walk-

Series 2:

camou Í laged
platform

v isible
platform

Figru'e I Durirlg fv)o series of recordings, four dffirent condi-

tions (A-D) v'ere studied with the help of nuo composed walk-

w'ays,

ing, and orthopaedic appliance : tti the litieen studied pa-

tients are presented in Table I.

Study design
After informed consent the pltie nt: * alked. without
practice trials, two successive serie: r)ll a u alku'ay' with
two different conditions each tFis. I -l r. The patients,

wearing their regular footwear. \\ ere asked to u alk be-

tween two parallel lines (at 25 cm mutual distance), as

normal as possible and at their own comfonable velocity
and frequency. Futhermore they had to aim at the target

or the visible platform. The patients were asked to -eive
priority to the maintenance of their "normal" cadence if
this aim was in conflict with targettmg.

Series 1:

condition A; the starting-point was adjusted to the

step length of the subject and a target was placed two
step lengths in front of a camouflaged platform (fig.

3);
condition B; the starting-point was adjusted to the

step length of the subject and the platform was vis-
ible;

Figure 2 Survey of the two walkways with starting-points, tar-

get (square) and imaginary platfurm (cross).

journal of rehabilitation sciences 6, nr. 4 - 1993 TI7



Figure 3 In condition A the subject hits the camouflaged imagi-
nary platform (between two of the visible transverse lines) nuo

steps behind the target (square).

series 2:
condition C; without a predetermined starting-point
and the platform was camouflaged for the patients;
condition D; without a predetermined starting-point
and the platform was visible for the patients.

To compensate for the effect of training during the walk:
the two conditions with a greater expected number of hit:
(with determined starting-point or target) were used fir:t.

The platform was imaginary and not really mounted in

the floor. By means of pieces of adhesive tape on the

floor a walkway (6 m length, 25 cm width) was coln-
posed. The position of the platform was made recog-
nrzable for the patient (condition B and D), or onlr lor
the tester (condition A and C), at 3.5 m from the stan.
with the help of pieces of adhesive tape at the margin:.
The complete outline of the sensitive area of the imagi-
nary platform was 35 x 25 cm.

In literature concerning research of walking the dimen-
sions of the utilized walkways vary in length from 46 to

10 m7 and in width from 0.525ss to I.25 Ín.'n Sufficient
length is required to eliminate errattc patterns due to
starting and stopping.t In the present study, the choice of
six meter is based upon interpretation of results of a

study of Hirokawa.to This researcher concluded in his
study that "... the two steps from starting and the three
steps before stopping should be excluded from ordinary
data due to their acceleration and deceleration proper-
ties."5a In our opinion, when a large measure of step
length in "notmal" walking is determined as maximally
0.9 m,sa the minimal length of a walkway used for analy-
sis of "normal" walking must exceed 2 x 0.9 (starting) +
3 x 0.9 (stopping) + 1 x 0.9 (hitting) = 5.4 m.

Parameters
The following parameters were recorded:
1. The number of runs required to achieve 3 acceptable

118

hits for each foot. If a patient did not achieve this goal

after the standard 20 runs, five additional runs were
made.
2. The number of acceptable hits for each foot after 20
runs on the walkway.
3. The number of times the starting-point was adjusted to
the steplen._eth of the patient.
4. The number of times the target was adjusted to the
steplen-sth.

The used definition of an "acceptable hit" was the same

as mentioned in the section "a new method".

In an attempt to describe the level of functioning of the
panicipating patients the primary diagnoses, impairments
u'ith re gard to gatt, and the possible use of orthopaedic
appliances were looked up in the medical records. For the
sanre reason the walking speed was measured. With the
help of a di,_eital stop-watch the time used to walk a dis-
trlnce of three meter of the middle of the walkway was

recr-rrded trvice. This was done in all the study conditions.
A rligital rvatch was chosen because a simple study orga-
nizttion \\'as pursued and other techniques may have re-
:tricted reliability as well. V/ith the average time the
u.rlking speed was calculated.

5l.-rri -r ri c's

Strti:tical comparisons between the different conditions
\\ c-re done with the help of the Friedman test and post
hoc the Wilcoxon matched pairs signed-ranks test. For
cr)ntparisons of patient subgroups the Mann-'Whitney U-
te :t \\as performed. One could discuss tf a correction is

needed because every following comparison between the
iour conditions results in the summation of the probabil-
itr I <57c) that a significant difference is found purely by
chance. Post hoc a Bonferroni correction of the p-values
ir added. which means a multiplication by the number of
iomparisons. V/ith the help of the Spearman rank coÍre-
letion test the relations between parameters were ana-

lr :ed. P-values and correlation coefficients (rs) afe de-
:cribed in the relating text.

Results

The a\sesse d data are presented in Table II.

11 ulkittg speed
The older the patient, the lower was his or her walking
speed: For the conditions A, B, C and D, the Spearman
rank correlation coefficients were respectively -.5, -.6, -.J
and -.7 tp<.05).

The avera-se walking speeds in conditions A (.9 m/s) and
B (.9 m/s) were significantly lower than the speeds in
conditions C (1.0 m/s) and D (1.0 m/s) (p<.05).

Hits per 20 nms
The avera..se numbers of hits after 20 runs for condition
A, B, C and D respectively were: 3, 3, 2 and 3 for the
right feet, and 1, 4, 1 and 4 for the left feet.

journal of rehabilitation sciences 6, nr. 4 - 1993



9 Table Assessed dota

T per twenty runs is presented.
otr

& I Series I
I

Series I Series 2

Camouflaged platform
With starting-point
With target

Visible platform
With starting-point

Camouflaged platÍirrn
Free walk

Visihle plrrllorrtt
lrtt't'urtlk

Nr m/s S

per
20

T
per
20

Runs
for
3R3L

Hits
per
20

m/s S

per
20

Runs
for
3R3L

Hits
per
20

m/s Runs
for
3R3L

Hits
per
20

rtt/s Itrrrrs
lirr'

.l t{.1 I

llits
lx'r
l0

ru t'ls

4R2t.

mns runs runs runs mns runs

1 1.0 2 5 >25 5L 1.0 1 20 3R5L 1l >25 0 1.1 22

2 .8 1 4 >25 4Fl2L .8 4 >25 4R.2L .9 >25 3R .9 I4 4R4

a
J .5 2 -') T1 3R4L .4 -J >25 2R3L .7 >25 1L .8 >25 1R4L

4 .7 a
-') J >25 2R3L .8 6 >25 3L .9 >25 1R2L 9 25 4R1L

5 1.3 2 5 >25 4L r.4 2 >25 2R1L 1.4 >25 1R1L 1.4 >25 1L

6 1.1 1 3 20 5R3L 1.0 I 18 4R5L 1.2 >25 0 t.3 >25 2R2L

7 8
a
J I 19 6R3L .8 2 11 3R5L .9 >25 1R5L .8 >25 4L

8 .8 0 I t7 3R5L 8 0 9 7R8L 1.0 >25 1R1L 1.0 tl 4R5L

9 1.0 0 0 20 4R3L 1.0 0 t9 5R3L 1.0 >25 6R1L 1.1 8 9R7L

10 5 0 1 13 3R5L .5 2 16 4R5L .6 18 3R5L .6 n 4R7L

11 1.0 4 2 >25 1R2L 1.1 2 >25 2R.4L 1.1 >25 IR 1.1 >25 IR3L

12 .9 0 4 18 3R4L 1.0 I 8 3R7L 1.0 >25 4R 1.1 >25 2R r ll.

13 .8 I 3 19 3R5L 8 1 15 7R.4L .9 >25 2L .9 >25 7tt I l.

IR

.5R.st.

14 .9 0 a
J >25 4L l 5 >25 0 8 >25 1R .8 >25

15 1.2 a
J 0 tl 3R4L 1.3 1 >25 3L 1.3 >25 1R2L 1.5 il

mean:

range:

.9

.5-1.3

1

0-4

-J

0-5

160/9=18
and
6x>25

3R4L .9

.4-1.4

2

0-6

116/8=15
and
lx>25

3R4L 1.0

.6-1.4

18/1=18
and
I4x>25

2R1L r.0

.6- 1.5

I l4l7=16
and
Ux>2-5

3R4L

o
c/)o
o
o
(D
(h

o\

i
È

I

\o
\o
u)

Ë
F\o

F
ln
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For the left feet the average number of hits during twenty
runs in condition C was statistically significantly lower
than in condition A, B or D (p<.01). The results of the
other comparisons of this parameter in the four condi-
tions were not significant.

Number of runs fo, 3 right and 3 left hits
At least 215 of the patients (6/15 in condition A) did nor
achieve to obtain three hits for each foot during twenty or
even after five additional runs (">25" in table II). In con-
dition B, C and D respectively 71I5, I4lI5 and 8/15 of
the patients scored ">25" runs.

In order to be able to compare the average scores of the
different conditions the following method was perform-
ed. For every patient and in every condition the number
of runs required to obtain the desired score of 3 right and
3 left hits (=6) were counted. The fourth or following hits
at one side were ignored. If the desired six hits were not
made after 25 runs, the highest number of hits for both
sides (<6) were noted. The scores of the patients are rep-
resented in a graph with the number of runs (<25) on the
horizontal axis and the cumulated number of hits (<6) on
the vertical axis. The nature of the relation between both
parameters is determined by means of a regression line
(hits = regression coefficient x runs) (fig. 4). The value
of the regression coefficient (slope) forms a parameter
which, in a simple wà), can represent the course of in-
crease of hits during the observed runs.

In order to make a comparison between the group scores
in the four specific .onàitions, the mean regression lines
are composed (fig. 5). The regression coefficient of the
line belonging to the average score in condition C is sra-
tistically significantly smaller than that of condition A. B
or D (p<.01). V/ith regard to the average regression coef-
ficients no statistically significant differences were estab-
lished between conditions A, B and D.

Nr of
h its

15 20 25

Nr of runs

Figure 4 An example (patient B) of the relation between the
number of performed runs (<25 ) and the cumulated number of
acceptqble right (R) and left (L) hits (<6), which is represented
by o regression line.

I20

Nr of runs

Figure 5 Relation between number of runs and cumulated num-
her oi acc-eptable hits (see fig. 4). Average of the regression
línes obruined from four dffirent conditions: A, with starting-
lttrirtÍ. tttrqet and camouflaged platfurm; B, with sturting-point
dtrd tisihle plaform; C, free walk with camouflaged platform;
turtl D. vísihle platfurm without starting-poinf .

\\'ith the help of the four regression lines a rough estima-
tion of the average number of runs required to obtain
three hits at both sides of the four specific conditions
could be made. The estimated avefage runs of conditions
A. B. C and D respectively are24, 18,4'7 and 19.

,\tljustments of target or starting-point
The mean number of adjustments of the target in condi-
tion A was three. The starting-point on an average was
adjusted once in condition A and twice in condition B. In
some cases poor scores (small slopes of regression lines)
occurred in spite of frequent adjustments of the target. In
condition B the starting-point was statistically signifi-
cantly more frequently adjusted if the slopes of the re-
gression lines were smaller (r,=-.6 and p<.02), or the
number of hits during 20 runs was smaller (right feet:
r.--.6 and p<.03, left feet: r.=-.6 and p<.04).

\o statistically significant correlations were found be-
t\\ een age or walking speed and: 1. the number of ad-
justments of the target or the starting-points or 2. the
number of runs to obtain three hits for both feet, repre-
sented br the regression coefficients. Also the number of
3 hits per 20 runs did not correlate significantly with the
u'alking speed. Only in condition A was it found that the
older the patient, the larger was the number of hits during
twentr' runs (r,=.5 and p<.05). This moderate correlation
was onlv found with regard to the left feet.

Antputee potients
Five of the 15 analysed patients had undergone a lower
limb amputation and walked with an above-knee or be-
low-knee prosthesis. The average age of these 5 male
amputee patients was 29 years (range: 18-46) but statisti-
cally did not differ significantly from the average of 47
years of the non-amputees (range: 19-72). In all four con-
ditions, the amputee patients on an average walked sig-
nificantly faster than the other patients (p<.05). After

Nr of

h its

201510 25

10
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Bonferroni correcticrn thr' .lifi-'rcncc\ sere not si,enificant

anymore (p>.05 t.

No statisticalh rigniflr.rnt Jil-lc'rc'ncÈs between the ampu-

tees and non-anipulec\ \\ rrc c'rtablished with regard to:

1. the number oi hrtr Fcr t\\c'nt\ tuÍtS and2. the slope of
the regression line ..

Discussion

A new' method. u hich aims at an increase of the prob-
ability to hit tlic plltïirnr-r n ith maintenance of a"flatvÍaI"
gait pattern. ir prc':Ènted. For that pu{pose a starting-
point and a tarsct s ere used as expedients. In order to

maintain thc- "Datural" cadence of the patient the platform
was camoutlaged.

This method was tested on practical feasibility and effi-
cao' (probability of hitting) and compared with three al-

ternatir e methods. Simple and appropriate study tech-

niques (observation and stop-watch) were used and fif-
teen patients with disturbances of gait were analysed.

The values of the parameters "hits per 20 runs" (1-4 hits

on an average) and the "(estimated) number of runs for 3

right and 3 left hits" (18-47 runs on an average) numer-

ically confirmed the problem of hitting with maintenance

of a natural gait pattern, which was encountered in for-
mer researrT3's'7'e'to'12'24'33'3s'43'4e. One result was not sur-

prising but is quantified now: Condition C (a free walk
on a walkway with camouflaged platform) scored poorly
and is, as a useful alternative method, out of the ques-

tion.

Of course, from the presented study can not be excluded

thaÍ" a repetition of the performed recordings on a group

with more than fifteen patients might result in statistical-
ly significant differences between conditions A, B and D.

If such differences are clinically relevant as well is

doubtful: some hits more or less, on a total of twenty runs

or even more, is meaningless.

The present study produced a number of observations

which are not found again in literature about the studied

subject. Although these aspects were not assessed numer-

ically and analyzed statistically, they possibly are rele-

vant, are described below and could be taken into ac-

count in future research.

Observation suggested that a gteat shoe-size, a great step

length, an involuntarily irregular step length, limited
physical or motivational endurance, and disturbed postu-

ral balance influenced the score negatively.

In a number of patients gait patterns with a distinctly
variable step length were observed. In these cases meth-

ods with a target or starting-point did not work satis-

factorily.

Patient number ten, a female of sixty-eight years, scored

well, even in condition C. She walked slowly with small

journal of rehabilitation sciences 6, nr. 4 - 1993

steps, which could be an erplanation for her score: the

smaller the step length. the greater is the probability of
hitting the platform with one or. unfortunately. with both

feet.

Patients five and eleven walked w'ith leg prostheses. In
relation to the others they were young and u'alked fast' In
spite of these characteristics these patients scored poorly.
They told to prefer a longer walkway in order to obtain

their usual comfortable cadence. This difficulty may have

interfered with the task to adapt their step length to the

location of the platform.

In several cases the adjustments of the target or the start-
ing-point did not result in the expected increase of num-
ber of hits. Our optimism was based upon the promising
experience in a study with pre- and postoperative hallux
valgus patients. The impairment of walking of the pa-

tients in the present study had an essentially different
character. In particular the coordination and postural bal-
ance was more severely impaired than in the hallux val-
gus patients. In particular at the moment of hitting the

target or the platform, disturbance of postural balance

and gait pattern was provoked.
The underestimation of the difficulties of the present spe-

cific patients in performing moÍe than one task simulta-
neously, could explain the disappointing results of the

newly presented method in these study group. These ob-

servations coÍrespond to research of Geurts who empha-

sized that in "... subjects with gross motor-skill deficien-
cies, the performance of routine acts (such as walking)
may only be possible at the cost of considerable informa-
tion processing capacity, resulting in the inability to per-

form these acts simultaneously with other, even non-mo-
tor, attention-demanding tasks (such as memorízing)".s6
In the present study the attention-demanding task was to
hit a target or a platform.

Furthermore, the adjustments consume some time, may

divert the attention of the researcher, and may bring the

test subject out of balance. Besides, patients often estab-

lish their own starting-point (for example the start of the

walkway in condition D) and possibly adjust it them-

selves after feed-back of the preceding result.

Summarizing it can be said that we looked for the best

method to perform mid-gait data collection with plat-
forms, developed a new method, tested four altematives

on specified patients and established equally poor results

in the three most promising methods. These results form
arguments to review the method of "first-step" data col-
lection, which is avocated and in a protocol described by
Cavanagh et alae.

Conclusions

Based upon literature the minimal length of a walkway,
used for analysis of "normal" walking was computed.

The walkway must exceed 2 x 0.9 (starting) + 3 x 0.9
(stopping) + 1 x 0.9 (hittinl) = 5.4 m. This study has

shown that methods with atatget or starting-point did not

r2l



work on patients with a distinctly variable step length.
V/ith regard to the probability of hitting no significant
differences were found between conditions A, B and D.
In conditions A, B and D, respectively 6115,7lI5 and
8/15 of the patients did not obtain three hits for each foot
during 25 runs. Furthermore, on an average, 18 or more
runs were required to obtain 3 hits at both sides.
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