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Objective: We compared falling and non-falling healthy elderly subjects to identify

balance disorders associated with falling. Gait parameters were determined when

carrying out single and dual tasks.

Design: Case comparison study.

Setting: Subjects were studied in the gait laboratory at Hôpital Roger Salengro, Lille,

France.

Subjects: A group of 40 healthy elderly women were assigned to one of two groups

according to their falling history: 21 fallers aged 70.49/6.4 years and 19 non-fallers

aged 67.09/4.8 years. All subjects performed first a single leg balance test with two

conditions (eyes open/closed). Then, gait parameters were analysed under single-

task and dual motor-task conditions (walking with a glass of water in the hand).

Main measures: Falls, number of times suspended foot touched the floor during the

single leg balance test, cadence, speed, stride time, step time, single-support time,

stride length and step length during walking under single- and dual-task conditions.

Results: During the single leg balance test, fallers placed their feet on the floor three

times more often than non-fallers under eyes open conditions (PB/0.05) and twice as

often under eyes closed conditions (PB/0.05). In the single-task condition, no

significant difference in gait parameters was reported between fallers and non-

fallers. There was a significant difference (PB/0.05) in the gait parameters (cadence,

speed, stride and step time, single-support time) between fallers and non-fallers

under dual-task conditions.

Conclusions: Dual tasks perturb walking in fallers, who exhibit deteriorated static

balance. Consequently, walking under dual-task conditions plus a single leg balance

test could be helpful in detecting walking disorders and planning physiotherapy to

prevent falls.
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Introduction

Ageing-associated decline of sensorial function
and muscular weakness of the lower limbs in
elderly people leads to a gait pattern1�5 that,
associated with postural instability, can provoke
falls.1 Several authors have found that frail elderly
fallers display a significantly slower walking speed
than non-fallers.4�8 This was due to a significant
decrease in step length and an increase in double-
support times5 and a decrease of step length.4

These different studies investigated easily quantifi-
able parameters such as walking speed, cadence,
stride length, and stride time, and, as in most of the
reports in the literature, were designed to study gait
patterns in frail elderly fallers and non-fallers
(dependent subject). However, when the objective
is to understand how knowledge of changes in gait
parameters can be useful in preventing falls in the
healthy elderly, gait patterns must be carefully
examined in the healthy elderly fallers and non-
fallers (autonomous subject).

The Timed Up and Go Test9 and the single-task
test described by Tinetti2 have been found useful
for predicting falls in frail elderly subjects. When
applied in healthy elderly subjects, these tests are
too easy and insufficiently discriminative for falls.
Test results obtained in frail elderly subjects
cannot be extrapolated to healthy elderly subjects.

Geurts et al .10 and Stelmach et al.11 suggested
that an evaluation of attention using dual-task
situations could be useful since the many factors
contributing to impaired balance control imply
greater attention to maintain stability.12,13 Thus, in
their studies on elderly adults living in the com-
munity, Shumway-Cook et al .14 and Lundin-
Olsson et al .15 found that the Timed Up and Go
Test conducted under dual-task conditions can
reveal balance disorders. Nevertheless, Shumway-
Cook et al .14 concluded that the ability to predict
falls in frail elderly subjects is not enhanced by
adding a secondary task because the Timed Up



Each subject was interviewed successively by
two clinicians working in separate rooms who
noted the causes, and the number and dates of
falls two years before the beginning of the study as
well as the subject’s current medication and
physical activities. A fall was defined as any event
that led to an unplanned, unexpected contact with
a supporting surface.14 According to Vellas et al.,16

a subject was defined as a faller if at least one fall
had occurred during the two years preceding the
study. Applying the approach used in our geriatric
unit’s fall clinic, falls which had occurred more
than two years before the study were not counted.
Falls resulting from unavoidable environmental
hazards such as a chair collapsing were excluded.
The two clinicians compared the history described
by each subject and together classed the subjects as
fallers or non-fallers. The year and the month of
each fall were recorded but not the exact dates.
Likewise causes of falls were not recorded because
the subjects frequently could not remember the
exact problem and recall the precise causes of their
falls because of multifactorial causes.

The Mini Mental State17 was also determined;
none of the subjects presented psychological or
cognitive disorders. All subjects obtained the
maximal score and were considered to have normal
cognitive function (if the score was inferior at 24
points, the subject presents cognitive disorders).
The fact that a subject could not remember the
exact date of a fall but only the month was not
considered to constitute a cognitive problem.

Five subjects were excluded from the study after
these interviews because they used a walking aid or
had a history of lower limb fracture. The study was
thus conducted with 40 women who were assigned
to one of two groups, according to their history of
falling: 21 fallers aged 70.4 years (9/6.4) and 19
non-fallers aged 67.0 years (9/4.8). The fallers had
experienced an average of 3.2 falls (9/1.6) (1 to 7
falls) during the two years before this study.

Protocol
All the subjects performed the following tests in

this order. First, a single leg balance test with eyes
open followed by eyes closed, and second, gait
analysis in single- and dual-task conditions were
analysed.

Tests

Single leg balance test
Single leg balance test was studied under two

conditions: eyes open and eyes closed. The subjects
stood on one foot with their eyes open for 30 s18

because the 5-s single leg balance test is too short
for discrimination among healthy subjects. We
counted the number of times the subject’s sus-
pended foot touched the floor during the 30-s test.
The subjects had no support at the start of this test
and were free to choose the foot to stand on. The
chronometer was started as soon as the subject
lifted one foot off the floor. If the subject placed
her suspended foot on the floor during the test, the
chronometer was stopped and was started again as
soon as it no longer touched the floor. The leg was
held free in space (908 knee flexion, 908 hip
flexion). The number of times each subject placed
the suspended foot on the floor was recorded.3 The
subjects then repeated the test with eyes closed.

Gait analysis
Spontaneous gait was studied with a VICON

370 system (Oxford Metrics Ltd, Oxford, UK)
under single-task and dual-task conditions. Walk-
ing speed, step and stride length were collected
using the VICON system. A 50 Hz camera was
located 3.5 m from the centre of a 10-m walkway
to cover the area required for one complete gait
cycle. A second camera was placed at the end of
the walkway and was aligned along the axis of
progression to obtain an anterior view of the
subject. The four other cameras were located 2 m
from, and in alignment with, the four corners of
the 10-m walkway. Forceplates were used to record
cadence, step and stride time and single support
time. Three AMTI (Advanced Mechanical Techo-
nolgy Inc, Water-town, MA, USA) forceplates
(250 Hz) located in the middle of the 10-m walk-
way were synchronized with the VICON cameras.
Before data collection, the cameras were calibr-
ated within a 2.8 m2 calibration volume: width
1.0 m�/height 1.8 m. Maximal error of VICON
370 data collection was 0.183 cm when the mea-
sured distance between two fully visible markers
did not exceed 50 cm.19 Six reflecting markers were
placed on the subjects’ right and left foot to record
the gait parameters. Distances between markers
always remained below 50 cm. The markers were
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placed over anatomical landmarks of the foot: two
markers on the heels, two markers on the lateral
malleolus, two markers on the heads of the second
metatarsus. All positions of the markers were
carefully checked by the same operator.

Ten single-task tests and 10 dual-task tests were
performed in random order. The trials in single-
and dual-task conditions were averaged. Under
single- and dual-task conditions, the subjects were
instructed to walk freely and to look at the red
light placed on the second camera in front of them.
In dual-task conditions, the subjects walked with a
glass of water in their dominant hand and did not
look at the glass. The same glass, filled with water
0.5 cm below the brim, was used by all subjects.

The gait parameters measured were cadence
(steps/min), walking speed (m/s), stride time (s),
step time (s), single-support time (s), stride length
(cm) and step length (cm).

Statistical analysis
Values are means9/the standard deviation (m9/

SD). The anthropometric characteristics (age,
weight, height) for fallers and non-fallers were
compared using Student’s unpaired t- test.

In order to compare the single leg balance test,
analysis of variance (two-way ANOVA) was per-
formed between fallers and non-fallers for the two
conditions (eyes open and eyes closed).

Then, in order to study the parameters of gait
between the two groups, an analysis of variance
(two-way ANOVA) was performed between fallers
and non-fallers for each parameter of the walking
in the two conditions (single and dual task
conditions). When the ANOVA demonstrated
significant difference (P B/0.05), the means were
compared using the post hoc test Student�/

Newman�/Keuls correction. Statistically signifi-
cant differences were reported for P B/0.05.

Results

Mean age of the 21 fallers (21 women) was 70.439/

6.43 years and mean weight and height were
69.579/14.23 kg and 1.609/0.07 m respectively.
There were 19 non-fallers (19 women), mean age
67.059/4.81 years and mean weight and height
72.179/15.62 kg and 1.649/0.07 m respectively.

There was no significant difference between the
anthropometric values for fallers and non-fallers.

The medications taken by the subjects are
presented in Table 1. The practice of physical
activities of subjects is shown in Table 2. Most of
the subjects performed several physical activities
independently in their clubs.

Single leg balance test
Fallers placed their foot on the floor 4.09/3.8

times during the eyes-open 30-s single leg balance
test and 9.69/5.5 times during the eyes-closed test.
Non-fallers placed their feet on the floor 1.19/1.3
times during the eyes-open test and 5.69/1.6 times
during the eyes-closed test. The difference between
fallers and non-fallers was significant in both
conditions (P�/0.003) for the eyes-open test and
(P�/0.004) for the eyes-closed test. Fallers placed
their feet on the floor three times more often than
the non-fallers under eyes-open conditions and
twice as often under eyes-closed conditions.

Gait parameters (Table 3)

Comparison between groups
The cadence, speed, stride times, step times,

single-support times, stride lengths and step lengths
were not significantly different between fallers and
non-fallers under single-task conditions (Table 3).

However, there was a significant difference (P B/

0.05) between the fallers and non-fallers under
dual-task conditions for cadence, walking speed,
stride time, step time and single-support time.
The cadence of the fallers was 9 steps/min which
was significantly (P�/0.02) lower than that
for non-fallers. Fallers exhibited significantly

Table 1 Breakdown of medication used between fallers and
non-fallers

Medication Fallers Non-fallers
(N�/21) (N�/19)

Anti-inflammatory 4 3
Antidepressors 0 2
Antihypertension 10 14
Antalgics 3 0
Metabolic disorders 5 4
Hormone replacement therapy 2 4

N, number of subjects; few subjects took more than one
medication.
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(P�/0.034) slower walking speed (0.12 m/s), sig-
nificantly (P�/0.0042) longer stride time (0.1 s),
significantly (P�/0.02) longer step time (0.04 s)
and significantly (P�/0.012) longer single-support
time (0.09 s) than non-fallers. Meanwhile, no sig-
nificant difference for stride and step length were
reported (P �/0.05).

Comparison within groups
For non-fallers the cadence, speed, stride time,

step time, single-support time, stride length and
step length were not significantly different between
single- and dual-task conditions.

For fallers there were significant differ-
ences between single- and dual-task condi-
tions for cadence (P�/0.011), walking speed
(P�/0.039), stride time (P�/0.007), step time
(P�/0.008), single-support (P�/0.008), stride
length (P�/0.03) and step length (P�/0.04).

The cadence was significantly slower (9 steps/
min) under dual-task conditions than under single-
task conditions. Similarly, walking speed was sig-
nificantly slower (�/0.12 m/s) and stride length and
step length were significantly shorter (�/5.6 cm
and �/2 cm respectively). Stride time was signifi-
cantly longer (�/0.1 s) under dual-task conditions
than under single-task conditions. Similarly, step
time was significantly longer (�/0.03 s) and single-
support time was longer (�/0.07 s).

Discussion

Significant differences were demonstrated between
healthy elderly fallers and non-fallers performing
single leg balance test eyes open and eyes closed.
When walking freely under dual-task conditions,
fallers and non-fallers displayed significant differ-
ences for cadence, walking speed, stride time, step
time, single-support time and stride length.

When standing on one foot, fallers touched the
floor with the suspended foot more often than did

Table 3 Parameters of walking performing single- and dual-task conditions for the two groups

Fallers Non-fallers

Single task Dual task Single task Dual task

Cadence (steps/min) 1169/14$ 1079/15$* 1199/10 1169/9*
P�/0.011 P�/0.02

Walking speed (m/s) 1.089/0.30$ 0.969/0.19$* 1.129/0.35 1.089/0.17*
P�/0.039 P�/0.034

Stride time (s) 1.049/0.13$ 1.149/0.16$* 1.029/0.09 1.049/0.09*
P�/0.007 P�/0.0042

Step time (s) 0.539/0.06$ 0.569/0.07$* 0.519/0.06 0.529/0.05*
P�/0.008 P�/0.02

Single support (s) 0.489/0.08$ 0.559/0.09$* 0.489/0.05 0.469/0.06*
P�/0.008 P�/0.012

Stride length (cm) 113.49/28.5$ 107.89/16.2$ 109.39/30.3 108.59/18.4
P�/0.03

Step length (cm) 55.89/14.3$ 53.89/10.7$ 59.79/22.1 61.39/16.3
P�/0.04

Values are mean9/SD; Single task: spontaneous walking; dual task: spontaneous walking with a full glass of water in dominant
hand.
*PB/0.05 significant intergroup differences in dual task condition; $PB/0.05 significant intragroup differences between single
and dual task.

Table 2 Breakdown of physical activities between fallers
and non-fallers

Frequency
(huweek)

Fallers
(N�/21)

Non-fallers
(N�/19)

Walking 2 14 12
Aqua-gymnastics 1 10 9
Gymnastics 1 5 7
Bicycling 2 2 0
Swimming 1 1 1
Tai Chi Chuan 1 0 1
Boules (petanque) 2 1 0
Dancing 2 0 1

N, number of subjects. A few subjects practised more than
one physical activity.
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non-fallers in both the eyes-open and eyes-closed
conditions. Vellas et al.16 and Hurvitz et al.18

recorded that fallers touched the floor with their
opposite foot more frequently and were unable to
stand on one foot for 30 s with their eyes open. The
single leg balance test thus reveals a significant
difference between fallers and non-fallers and is a
suitable test for identifying balance disorders in
healthy elderly subjects. Nevertheless, although
this test could be an indicator of balance disorders,
it may not be totally pertinent because falling is a
dynamic problem whereas standing on one foot is
a static posture. Moreover, walking differs from
standing balance in that the centre of gravity
constantly moves beyond the base of support, so
that the supporting leg can do little to alter this
motion.20 Thus the daily task of dynamic balance
could be usefully assessed to predict falls in healthy
seniors.

Our analysis of walking failed to demonstrate a
significant difference between healthy elderly fallers
and non-fallers walking freely under single-task
conditions. Earlier studies contrary to our results
that have demonstrated significant differences in
gait analysis for fallers, with shorter stride and step
lengths, slower walking speed and increased double
support time, were conducted in institutionalized
or frail elderly subjects.5�7,21 These studies, in frail
elderly subjects, demonstrated significant impair-
ment in several gait parameters under single-task
conditions, so these opposite results could be due to
the subjects themselves. Differences in the subjects’
age, general status (frail versus healthy) and
physical activity (light activities practised regularly
by our subjects) could explain the differences
between these earlier results and our own. Indeed,
the subjects in most of the published studies were
80�/90 years old, sedentary and institutionalized,
whereas our subjects were 61�/73 years old, healthy
and independent. Hence, in view of our results, we
can hypothesize that a single leg balance test and a
free walking test under single-task conditions are
not suitable for predicting falls in healthy elderly
subjects.

Our results demonstrate that healthy elderly
subjects, whether fallers or not, are not disturbed
by the single-task condition, whereas fallers
present significant walking disorders under the
dual-task condition. Their cadence, walking speed,
stride length and step length are significantly

decreased and their stride time, step time, and
single-support time are significantly longer under
dual-task conditions than under single-task condi-
tions. Lindenberger et al.22 demonstrated that
elderly adults had more difficulty memorizing
words while walking than did young adults. More-
over, it is assumed that performing a task requires
a given portion of the capacity of the central
nervous system, and that if two tasks performed
simultaneously require more than the total capa-
city, the performance on one or both tasks will be
affected negatively.23,24 Our results in fallers in
dual-task conditions, with the second task being a
motor task, are in line with the reports of
Lindenberger et al .,22 Kahneman23 and Wickens,24

where it was shown that dual tasks can interfere
with walking. While the nature of the second task
was different (memorizing task versus motor task),
it seems to have had a similar impact but with
different mechanisms, modifying the walking pat-
tern or stopping walking.

Deficient structure and functioning of peripheral
systems (vestibular and ocular system, propriocep-
tion) are certainly important factors since balance
is more affected in the elderly than the young adult
when sensory, proprioceptive or both inputs are
altered.25�28 However, recent experiments with
elderly persons having a history of falls29,30 provide
additional evidence for the suggestion that higher
integrative levels have a predominant role in
postural control.31 Thus, we can hypothesize that
the structure and function of peripheral systems
could be deficient in elderly fallers, making it more
difficult to process two tasks simultaneously. This
could lead to a modification of gait parameters and
favour falls. Identifying which parameters are
modified could be useful in developing a dual-
task (motor and cognitive tasks) training strategy
designed to prevent falling.

Our data from dual-task tests show that gait
parameters are significantly altered in fallers but
that there is no such change in non-fallers. Bowen
et al.32 demonstrated that adding a verbal task
during walking decreases walking speed and in-
creases the duration of the double-support phase.
However, the results of Bowen et al .32 focused on
stroke victims, not healthy subjects, and the nature of
the second task is different (verbal vs. motor).
Kahneman23 has suggested that the nature of the
tasks competing for attention affects the degree of
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impact. Thus, the results of Bowen et al .32 cannot be
extended to the normally healthy population. It has
also been suggested by Bronstein et al .33 that the lack
of adaptation to the second task is also illustrative of
a more primitive form of postural control. This leads
us to the hypothesis that healthy elderly fallers could
lack capacity for adequate adaptation, disclosing the
age-related fragility of the gait pattern expressed by
changes in the different gait parameters under dual-
task conditions.

In conclusion, significant differences were found
between fallers and non-fallers when they performed
a single leg balance test and when they walked freely
under dual-task conditions, no difference being
observed when they walked under single-task con-
ditions. Gait analysis under dual-task conditions
appears to unmask subclinical gait impairments
which could provoke falls. A single leg balance test
and gait analysis under dual-task conditions could
be useful for detecting subjects prone to falls. Hence,
healthy elderly subjects exhibiting abnormal gait
parameters when performing dual tasks might
benefit from an individualized dual-task exercise
programme designed to improve the abnormal
parameters and thus prevent falls, enabling them
to maintain their social independence.
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