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Summary: Dual-task walking is a common activity in everyday life. The dual-task paradigm
is a procedure in experimental psychology that involves examining the performance of two
tasks separately and simultaneously, allowing researchers to determine the extent to which
different mental abilities compete for information-processing resources in the brain. This
information can help identify whether tasks interfere with each other. This study aimed to
analyse publications, gather knowledge on gait with an additional task, and determine the
impact of dual-task conditions on gait parameters among the elderly. In October 2022, we
conducted a comprehensive review of available literature in databases such as Pubmed,
Cochrane, and Google Scholar, as well as research carried out at the Central Laboratory of
Motion Analysis of the University of Physical Education in Krakow. We identified 11
publications on dual-task gait in the elderly, focusing exclusively on healthy individuals.
Studies on the effects of training on dual-task gait were not included in our analysis. Research
conducted to date in older adults has shown that dual-task conditions have a negative effect
on gait speed, step frequency, gait cycle time, and gait variability indices, among other
parameters.

Keywords: dual-task paradigm, gait with additional tasks, spatiotemporal parameters of
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INTRODUCTION

Dual-task walking is a common occurrence in everyday life, and it involves
executing two tasks simultaneously. The dual-task paradigm is a procedure in
experimental psychology that examines the performance of executing a set of two
tasks, once executed separately and once simultaneously, to investigate the extent to
which different mental abilities compete for information-processing resources in the
brain and if they interfere with each other [1]. Assessing dual tasks can provide
information about gait, its automatism, and the risk of falls, which may not be fully
captured in single-task conditions [2]. Studies report that the dual-task paradigm is a
sensitive way of predicting fall risk [3, 4].

The risk of falling incidents increases with age and frailty index, leading to
significant healthcare costs globally. Falls can cause post-fall syndrome, which
reduces physical activity, leads to reduced functioning and loss of motoric
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confidence, and increases the risk of further falls [5]. Approximately 28-35% of
people aged 65 and over suffer from falls annually, which increases to 32-42% in
their 70s. The risk of falls rises significantly with age and frailty level. Falls are the
confirmed cause of 20-30% of mild-to-severe injuries, accounting for 10-15% of all
emergency department visits, and 40% of all deaths from injuries [5].

This study aimed to analyse publications, gather knowledge on gait with an
additional task, and determine the impact of dual-task conditions on gait parameters
among the elderly. This is essential, especially given that walking is a common daily
activity, and falling among elderly people poses a significant problem that can have
an impact on people of all ages.

MATERIALS AND METHODS

In October 2022, a review of the available literature was conducted using various
databases such as Pubmed, Cochrane, and Google Scholar, along with research
carried out at the Central Laboratory of Motion Analysis at the University of Physical
Education in Krakow. The keywords “gait”, “dual task”, and “elderly” were used to
search these databases. For this study, only clinical trials and randomised controlled
trials were considered, and only studies on healthy adults over the age of 60 were
included. However, publications aimed at investigating the effect of training on dual-
task gait have not been included in this study.

RESULTS

After conducting a literature search using the aforementioned keywords, we
identified 213 results in the Pubmed database, 133 in the Cochrane database, and 45
in the Google Scholar database. Out of these, we analysed 11 publications on dual-
task gait in healthy adults aged over 60, which met our inclusion criteria. The
methodologies employed in these studies varied in terms of walking path lengths,
type (overground or treadmill), walking time, and the additional task itself. Common
additional tasks included serial subtraction of the number 7, naming animals, citing
words starting with a chosen letter, counting backwards, and listening to emotionally
loaded sounds.

Gait speed, measured at the preferred natural speed, was found to decrease
significantly when the second task was added, with only one publication reporting
an increase in this value [6]. Of the four publications that focused on step cadence,
one showed a decrease in cadence when the second task was added, while the others
showed an increase [6]. Stride length consistently decreased across all studies when
the additional task was introduced, with the exception of treadmill walking, where
stride length slightly increased [7]. Both stride length variability and stride time
variability increased when an additional task was added to the gait.

Table 1 presents the methodological differences among the studies included in
this review. It is important to note that this review only considered clinical trials and
randomised controlled trials that examined healthy adults aged over 60 and did not
include studies on the effect of training on dual-task gait.
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DISCUSSION

Multitasking while walking is a common occurrence in everyday life rather than an
exception, as shown in previous studies [8, 9, 10]. However, comparing results
between studies can be challenging due to differences in methodologies and
variations in cognitive load [11]. Furthermore, the choice of the task may impact the
accuracy of the results depending on individual knowledge and interests [11].
Identifying a reliable and sensitive test that can be replicated across various clinical
settings is essential [4].

Gait speed is recognised as a primary gait indicator due to its simplicity and high
clinical relevance, with a minimum value of 0.8 m/s needed for functioning in society
[12, 13]. However, fear of falling while performing complex cognitive tasks can
significantly lower gait speed values below the required threshold [14].

Indicators of gait variability in the subject, such as stride time variability and
stride length variability, were also considered and calculated according to the
formula: V = s/m*100%, where V is variability, s is the standard deviation, and m is
the mean [11]. Studies have shown that both of these variabilities are more strongly
correlated with fall risk than the mean value of gait speed [15]. While some studies
have reported stride time variability under 5% for adults [16], others have found
stride length and time variability less than 6% [17]. None of the publications we have
identified indicated that Stride length variability didn’t surpass this 6%. In the elderly
group with manifested fear of falling, stride time variability was at 5.7% when an
additional gait task was introduced, and changes in the variables can be used to
prognosticate future fall risk [14, 19]. It is worth pointing out that the results of the
study conclude that lower speed with lower step cadence and lower stride length may
result in an increased risk of falls [18].

The mean dual-task effect is included within the essential measures of the dual-
task paradigm [20]. The measured impact of the dual-task indicates whether there
has been an improvement or a deterioration in the subject’s conditions [11]. It is
calculated by the values of gait speed and the number of errors in the cognitive task
and for the values of gait speed and reaction time using the following formula:
MDTE = (a«DTE-BDTE)/2, where mDTE is the mean dual-task effect, aDTE is the
double task effect of indicator a, and BDTE is the double task effect of indicator 3
[11]. The dual-task effect is used to define the effect of the additional task on each
gait indicator. To calculate the dual-task effect for each indicator, the following
formula is used: oDTE = (aDT-aST)/aST*100%, where aDTE is the dual-task effect
for indicator a, oST is the value of the indicator under single-task conditions, aDT
is the value of the indicator under dual-task conditions [11]. Young people tend to
give higher priority to walking, while elderly people tend to prioritise an additional
task. Unfortunately, we are not sure at what exact age the shift takes place [20]. The
mean dual-task effect allows for measuring a person’s attention for both the gait and
the cognitive task simultaneously [4]. Cognitive tasks influence the dual-task effect
more than motor tasks [21]. Plummer and Eskes pointed out that relative measures
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are necessary to correctly assess gait with an additional task [4]. However,
unfortunately, in many studies this index is not calculated.

Other parameters, such as swing speed and swing time, single and double support
time, step length time and width, stride time and stride width, and stride width
variability, have been included in various studies. This is an area that may be
developed in future publications.

CONCLUSION

Research on the elderly population has shown that dual-task conditions have a
significant impact on gait parameters. When an additional cognitive or motor task is
introduced during walking, we observe a decrease in gait speed, stride length, and an
increase in step cadence, step length variability, and step time variability. These
changes in gait pattern may be attributed to the competition for attentional resources
between the walking task and the additional task, leading to a shift in prioritisation
towards the secondary task. The alterations in gait parameters under dual-task
conditions have been linked to an increased risk of falls in older adults. Therefore, it
is crucial to consider the effects of dual-task conditions when evaluating gait
performance in the elderly.
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