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_ ABSTRACT
Article Info:

Received: 21 Mar 2025 Introduction: One of the main causes of mortality in the elderly is related to injuries caused
Accepted: 30 May 2025 by imbalance and falls, and therefore, it is important to investigate the effect of factors af-
Available Online: 20 Jun fecting falls in order to prevent them. The aim of the study was to investigate the effect of
2025 mental fatigue and on the coordination variability of gait in elderly under dual and single
task conditions.

Methods: The study was a quasi-experimental and applied study with a pre-test-post-test
design. The statistical population of the study consisted of elderly people over 60 years of
age living in Yazd city in 1402, of whom 30 elderly people were selected through conve-
nience sampling. The coordination variability of participants’ gait in four conditions, nor-
mal state (single task), dual task, mental fatigue, and dual task after mental fatigue, was
recorded by a motion capture system and the data was analyzed. The Stroop test was used
to induce mental fatigue and the visual analog scale was used to measure mental fatigue.
For statistical analysis of data, repeated measures analysis of variance method and SPSS
software version 24 were used.

Results: The results showed that the coordination variability of hip-thigh (P=0.71), thigh-
knee (P=0.55), and knee-ankle (P=0.06) joint in elderly people’s walking during mental
fatigue in single and dual task conditions had a relative increase, but these changes were not
significant (P>0.05).

Key Words: Discussion: The The results of the study showed that the coordination variability of lower
Elderly, Coordination limb joint in elderly people’s gait during mental fatigue in single and dual task conditions
Variability, Gait, Mental was not significant. According to the findings, further research is recommended to investi-
Fatigue, Dual Task. gate the effect of mental fatigue and increased cognitive load on gait variability.
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Introduction:

ging is a global phenomenon associ-

ated with impaired function of vari-

ous body systems and vulnerability.
Joint coordination is a critical factor in walking.
One of the important risk factors for falling is
gait impairment, which affects joint coordination.
Weakness or decreased coordination of the body’s
muscles and joints can lead to abnormal movement
patterns, compensatory strategies, or a variety of
sports injuries. Movement variability is another
fundamental aspect of human movements. Coor-
dination variability is a measure of variation in an
individual’s coordination pattern that provides an
understanding of the flexibility of the movement
pattern generation system.

Mental fatigue is an important factor that affects
motor behaviors in the elderly, including stepping
and increases the risk of falls. Mental fatigue ex-
acerbates functional decline, increasing stepping
variability. Greater stepping variability is directly
associated with an increased risk of falls and re-
sulting in severe injuries or even mortality among
the elderly. Dual-tasking (simultaneous cognitive
and motor tasks) is Another factor that can alter
movement characteristics. In adults, gait control
diminishes under dual-task conditions, with vari-
ability increasing alongside cognitive demands.
The inability to allocate attention efficiently may
contribute to falls during daily activities.

With increasing age, cognitive and physical de-
cline can affect gait patterns and increase the risk
of falls. Given the need to understand multifac-
torial fall mechanisms in this vulnerable popula-
tion—and the existing research gap—this study
investigates gait coordination variability under
single- and dual-task conditions during mental fa-
tigue in older adults.

Methods:

The statistical population of this semi-experi-
mental study consisted of elderly people over 60
years. 30 people (11 women and 19 men) were se-
lected through convenience sampling and partici-
pated in the study. To perform kinematic analysis
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of movement, 12 reflective markers were attached
to four limbs including the pelvis, right thigh,
right calf, and left foot. At least 3 non-aligned
markers were attached to each limb to form a lo-
cal coordinate system. In addition, a marker was
attached to the heel of the left foot to allow for
the separation of gait cycles. A 3D motion analy-
sis system (Optitrack, Doul20, USA) was used
to record the position of the markers with a data
acquisition frequency of 120 Hz. At first, the par-
ticipants stood statically in anatomical position on
a treadmill before walking at their preferred speed
for 1 minute (minimum 20 cycles) under four con-
ditions: 1. Single walking 2. Walking while count-
ing numbers (Dual task), 3. Single walking under
mental fatigue, 4. Walking under mental fatigue
while counting numbers. Next, hip-thigh, thigh-
knee, and knee-ankle coordination variability was
calculated using the standard deviation of continu-
ous relative phase across 10 cycles, averaged per
couplings.

Results:

To analyze the data, first, the natural distribu-
tion of the collected data was examined using the
Shapiro-Wilk test, and the results indicated that
the data obtained in this study were naturally dis-
tributed. The results of the Mauchlys test to ex-
amine the equality of the within-group covariance
matrix indicated that the assumptions were not
violated. Next, the variability values of the hip-
thigh, thigh-knee and knee-ankle segments in the
elderly’s walking task under different conditions
were tested using the repeated measures analysis
of variance statistical test. According to the re-
sults, no significant no in variability scores across
conditions for any joint couplings.

Conclusion:

The aim of the study was to investigate the ef-
fect of mental fatigue on the coordination vari-
ability of gait in elderly under dual and single
task conditions. The results showed that although
mean variability scores for all joint couplings in-
creased modestly across conditions, neither men-
tal fatigue nor dual-tasking significantly altered
variability patterns. This could be related to the
type of fatigue task and the motor task (stepping),
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which was simple for the elderly and therefore
does not cause interference. Also, in justification
of the results of the present study, it can be stated
that stepping at the desired speed on a smooth,
obstacle-free path may not be challenging enough
and may not reveal subtle impairments in motor
performance caused by mental fatigue.

The results also showed that the dual task con-
dition did not have a significant negative effect on
the variability of different segments. In explain-
ing the findings based on Wickens’s Multiple
Resource Theory, since the attention resources
required in the stepping task (motor) and the
counting task (cognitive) are separate from each
other, there is no disruption in the attention and ul-
timately the motor performance of the individuals.

On the other hand, the task of counting numbers
was probably easy for the participant in the study,
and according to Kahneman’s theory, the need for
attention did not exceed the capacity of the central
resource, and this task failed to cause an interrup-
tion in motor performance.

The results of the present study also showed
that the interaction of mental fatigue and dual
task, although it caused a relative increase in the
variability of the hip-thigh, thigh-knee, and knee-
ankle segments, did not have a significant effect
on the variability of the elderly’s gait. Consider-
ing the effect of the type of primary task, the type
of dual task, and the duration of mental fatigue
on performance, it is recommended that more re-
search be conducted.
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