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? What is “already known” in this topic:

using linear analysis methods.

—» What this article adds:

pattern is not seen in individuals with CAL

Investigating the dynamic structure of postural sway in terms of the output signal regularity can provide important
information about the health status, stability, and adaptability of the postural control system, which is impossible

Dual tasks in healthy individuals increase the irregularity in the CoP signal and lead to automatic control. This

1. Introduction

ne of the most common musculoskeletal

injuries is lateral ankle sprains, leading to

long-term problems in the ankle and lower

limbs in people [1]. Many of these people

complain of residual symptoms such as re-
current “giving way”” and disability [2]. These complica-
tions are commonly known as Chronic Ankle Instability
(CAI) and can affect their daily, functional, and athletic
activities. Mechanical instability and functional ankle in-
stability are two significant types of CAI [3].

Studies support postural control impairments in people
with CAI [4]. Researchers have noticed the loss of sen-
sory input from articular mechanoreceptors, mechanical
instability of the ankle joint, lower muscle strength and
endurance, and different ankle range of motion as influ-
encing factors in postural control impairment [5, 6].

Postural control may be an automatic process that
needs minimal cognitive attention. However, recent
evidence suggests that postural control necessities some
attention even in healthy individuals [7, 8]. Recent re-
search has categorized postural control from simpler to
more complex tasks requiring attention processes [9,
10]. This attentional need varies depending on the type
of postural activity, age, balancing abilities, and the type
of cognitive task [7, 8].

However, because of the contradictory results, the re-
lationship between postural control and cognition has
remained ill-defined. Studies on young adults have re-
ported higher [11, 12], untroubled [8], and lower [13]
postural sway during concurrent cognitive tasks.

There are many situations in everyday life where one
has to perform multiple tasks simultaneously—for ex-
ample, walking and talking simultaneously or crossing

the street and paying attention to cars crossing the street.
Therefore, the evaluation of dual assignments has more
external validity. Various investigations of postural con-
trol behavior have been investigated from the aspect of
nonlinear dynamics and sample entropy analysis of the
Center of Pressure (CoP). As an indicator, the irregularity
and regularity of the CoP indicate the degree of automa-
ticity of this behavior [14-16]. They attributed the greater
irregularity of the CoP to the decrease in the amount of
attention devoted to the posture. They suggested that an
increase in irregularity might be considered as an increase
in the automation or efficiency of posture control [17].

Therefore, examining the dynamic structure of postural
sway in terms of the output signal regularity can provide
important information about the health status, stability, and
adaptability of the postural control system, which is impos-
sible using linear analysis methods. This study aimed to
investigate the CoP regularity between athletes with CAI
and healthy subjects in unstable postural conditions.

2. Materials and Methods

The research and its stages have been approved by the
Ethics Committee of Iran University of Medical Sci-
ences (Code: IR.IUMS.FMD.REC1396.9411452003).
Atotal of 29 subjects with a history of CAI (ages ranging
from 18 to 36) and 29 healthy-matched subjects volun-
tarily participated in this study. All participants signed an
informed consent form. We considered recreationally ac-
tive as partaking in at least 20 minutes of physical activ-
ity 3 times per week. The study samples were volleyball
and basketball players. Age, body mass index, height,
type and duration of physical activity, and lower-limb
dominance were the matching variables.

According to the International Ankle Consortium, the
inclusion criteria for the people with CAI were as follows:
having a history of at least 1 significant ankle sprain, the
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previously injured ankle joint “giving way”, and or recur-
rent sprain, and or “feelings of instability”. A general self-
reported foot and ankle function questionnaire was used
to describe the level of disability of the cohort.

We used a health questionnaire to ensure that partici-
pants had no injury or condition that could affect their
balance. Individuals for the control group were excluded
if they reported a history of ankle sprain or perception of
“giving way” in the ankle. The information was gathered
by a trained physical therapist using self-report question-
naire and clinical examination.

Postural sway was evaluated by a force plate at 2 dif-
ferent conditions: double-leg standing on the force plat-
form, single-leg standing on the injured limb. All condi-
tions were similar, while a cognitive task was performed
concurrently. Subjects stood barefoot with their arms
hanging at their sides. Foot placement on the force plate
was constant in all tests. They were not allowed to move
their limbs or head or talk during the data collection pe-
riod. The dominant limb was the limb used in at least
2 out of the 3 following tests: stepping up onto a box,
recovering balance after a posterior push, and kicking a
ball with maximum accuracy through a goal.

Postural task (single task)

The postural task was done as still as possible on the
wobble board on the force plate with feet separated and
arms hanging loosely at the sides, and eyes fixed on an
eye-level target 3 m ahead. During single-leg standing,
the subjects were asked to stand as still as possible and to
concentrate on a visual target 3 m away in front of them.

Cognitive task

For the cognitive task, the participants were asked to do
silent digit backward counting by 7, starting from a ran-
dom number, for instance, between 400 and 500. They
were asked to do correctly as possible. Immediately after
the collection of the postural data, the subjects were re-
quired to tell the number they had reached.
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Three trials with a 1-min rest between each test were
performed. To minimize the learning effect, the postural
and cognitive tasks were randomized for each participant
before starting the measurements. The whole experiment
lasted approximately 60 min. CoP data were obtained us-
ing a Kistler, 92260 AA6 force platform with a sampling
frequency of 100 Hz.

Statistical analysis

The obtained data were analyzed in SPSS version 20.
Before the statistical analysis, the normal distribution
of the data was evaluated by the Shapiro-Wilk test. The
data for each postural stability index were analyzed by
a 2-by-2 (group by cognitive difficulty) mixed-model
Analysis of Variance (ANOVA). It was used to deter-
mine the interactions and main effects of the 2 factors.
Comparisons between the 2 groups were made with the
Independent t-test.

3. Results

The Independent t test was used to compare the demo-
graphic data between groups. There was no significant
difference between the two groups (Table 1).

Postural performance for the single-leg standing con-
dition

In both AP and ML directions, there was no main effect
of group on entropy (AP: F =0.02, P>0.05; ML: F =1,
P>0.05). In both AP and ML directions, there was a main
effect of condition (AP: F,=0.14, P<0.001; ML: F =0.91,
P<0.001). The group x cognitive interaction, (F=0.41,
P>0.05=0.037) was not statistically significant in the
ML direction (Figure 1 & 2). Also, in the AP direction,
(F,=22.55, P<0.001) the results were not statistically sig-
nificant (Table 2).

According to Table 2 and comparison between the two
groups, there was a significant difference between the
two groups in the cognitive task and the single task in the
anterior-posterior direction while standing on both legs.

Table 1. Demographic data of athletes with chronic ankle instability (n=29) and healthy athletes (n=29)

. MeantSD
Variables P
CAl Healthy
Age (y) 24.4143.7 24.7643.12 0.67
Height (cm) 179.50+8.16 179.64+5.98 0.55
Weight (kg) 75.24+5.86 76.3645.77 0.96

CAl: Chronic Ankle Instability.
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Table 2. Analysis of variance for sample entropy, the center of pressure signal while standing on two and one leg

Variables Standing on one Leg Standing on Both Legs
Sway Plate AP ML AP ML

F 0.14 0.91 0.02 1

Group
P 0.70 0.34 0.87 0.31
Main effect
F 55.77 9.25 12.44 6.70
Condition
P P<0.001 P<0.001 P<0.001 P<0.001
F 6.53 0.41 22.55 9.28
Interaction effect ~ Group x Condition
P P<0.001 0.66 P<0.001 P<0.001

AP: Anteroposterior; ML: Mediolateral.

Postural performance for the double standing condi-
tion

In both AP and ML directions, there was no main effect
of group on entropy (AP: F=0.02, P>0.05; ML: F =1,
P>0.05). In both AP and ML directions, there was a main
effect of condition (AP: F =12.44, P<0.001; ML: F =6.70,
P<0.001). The group x cognitive interaction, (AP:
F =22.55, P<0.001; ML: F =6.53, P<0.001), was statisti-
cally significant in both AP and ML directions (Table 2).

4. Discussion
The present study investigated the effect of dual cogni-

tive task on postural control behavior based on the CoP
signal regularity while standing on an unstable surface in

athletes with CAIL The purpose of the present study was
to determine whether adding a dual cognitive task to the
postural task while standing on an unstable surface could
cause changes in the pressure center signal irregularity.

The results of the present study showed that when stand-
ing on the wobble board while performing postural and
cognitive dual tasks in the healthy group, the CoP irregu-
larity was significantly higher than the patient group. In
other words, when adding cognitive task to postural task,
healthy subjects will show less predict postural control
behavior. Donker et al. suggested increasing regularity
signal order implies that postural control behaviors be-
come rigid and attitudinal dependency is attenuated [17].
From the linear dynamics of postural control behavior in
the present study, it was observed that CoP displacement

Figure 1. Group x cognitive interaction of center of pressure regularity while standing on two legs in AP direction
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Figure 2. Group x cognitive interaction of center of pressure regularity while standing on two legs in ML direction

in dual cognitive tasks was significantly increased in pa-
tients with a chronic ankle sprain. Therefore, in healthy
subjects, with increasing irregularity and decreasing CoP
displacement, healthy subjects have used more effective
postural exploratory behavior in unstable postural condi-
tions than those with CAI. However, the inability to use
postural exploratory behavior in subjects with CAI re-
sults in increased postural sway in this unstable postural
condition [18]. In this state, since insufficient informa-
tion is provided, the postural control will be conscious of
the postural stability [19].

According to Roerdink et al., a decrease in the CoP sig-
nal regularity result in distraction attention from postural
control, leading to more automatic postural control be-
havior [18]. Polskaia et al. showed that distracting atten-
tion from postural control when performing dual tasks
ensued by less interference with the automated motor
control process and, consequently, better individual per-
formance [20]. Increasing the CoP signal irregularity in-
dicates more complexity of the system, which results in
more automatic postural control. More complexity in pos-
tural control will lead to greater adaptation to postural
perturbation environmental changes [17].

Terada et al. concluded that while standing on a stable sur-
face, individuals with chronic ankle sprains are less entro-
pic than healthy individuals. They correlated the decrease in
CoP signal irregularity with greater postural control rigidity
and reduced adaptability in the affected group [1].

Since the subjects should not be talking during the dual
postural and cognitive task, the examiner could not check
the consistency and accuracy of the counting-backward
during the test. Therefore, it is recommended that future
studies use the cognitive task that can be used to evaluate
its continuity during dual-task. As one of the causes of
falls in the elderly is a decrease in postural adaptability, it
is recommended that future studies consider the elderly
group and other postural disorder groups.

5. Conclusion

In unstable postural conditions, the center of the pres-
sure signal regularity increases in subjects with CAI
compared to the healthy group, indicating attentional-
dependent behavior and decreased postural control
adaptability. Dual tasks in healthy individuals increase
the irregularity in the CoP signal and lead to automatic
control. This pattern is not seen in individuals with CAL
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