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ABSTRACT

Several studies have investigated gait biomechanics in people with functional ankle
instability (FAI). However, the potential role of information processing (attention) in the gait control of
these patients is still unknown. Therefore, this study aimed to investigate the effect of cognitive load on
the range of motion (ROM) of lower limb joints during walking in men with and without FAI.

[VETELE The study was a non-randomized controlled clinical trial. Eighteen male subjects with FAl and
19 healthy subjects participated in this study and completed three randomized conditions (three trials
per condition): normal walking on a treadmill (single task), normal walking while performing a cognitive
task (dual task), and (3) performing cognitive task while sitting. Three-dimensional information of hip,
knee, and ankle joint ROM in the sagittal, frontal, and transverse planes were measured as gait kinematic
components, and the error ratio and average reaction time were measured as cognitive task indicators.
The intraclass correlation coefficient (ICC) was used to determine the intrasession reliability of kinematic
and cognitive measures.

5T The ICC of kinematic variables, including the hip, knee, and ankle joint ROM, with and without
applying cognitive tasks in three planes was more than 0.70. During the single task, the group with
FAl showed a significantly decreased knee ROM in the transverse plane and a decreased hip ROM in
the sagittal plane compared to the healthy group. During the dual task, the group with FAl showed a
significantly increased hip ROM in the sagittal plane compared to the healthy group. The results of the
cognitive task showed that the group with FAIl had a longer reaction time in the auditory Stroop test
during dual-task walking than in the sitting position.

Received: 23 Dec 2022 FAI can be an important factor in motor-cognitive interactions. Using a cognitive task may be
Accepted: 28 Dec 2022 an effective strategy in the rehabilitation program of men with FAI.
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Introduction

nkle sprains occur in 85% of cases dur-

ing plantarflexion and inversion. During

this process, the external ligaments of the

ankle, including the anterior talofibular

ligament, are damaged, leading to pain,
swelling and movement limitation during daily activi-
ties. Although acute symptoms of ankle sprains resolve
quickly, about 70% of people report persistent problems
in the ankle with or without ligament laxity, known as
functional ankle instability (FAI). FAI is defined as the
subjective feeling of ankle instability or recurrent, ankle
sprains without ankle joint laxity. Postural control disor-
der in static and dynamic states is one factor leading to
FAI and frequent ankle sprains.

Cognitive factors play a vital role in postural control and
walking, but the literature review indicates that the role of
cognitive factors in walking is usually neglected and less
addressed. Studies have shown that performing a second-
ary cognitive task can negatively affect gait kinematics
and balance performance. These findings support the lim-
ited capacity theory. If sensorimotor tasks (such as walk-
ing) and cognitive tasks are performed simultaneously
(dual task) and their attention requirements exceed the
overall attention capacity of the individual, interference
will occur and the performance of one or both will be im-
paired. In addition, several researchers have found a close
relationship between cognitive decline and musculoskel-
etal disorders. Since the lower extremity is a kinetic chain
and functions as a unit, any factor affecting the ankle is
thought to affect the knee and hip.

So far, no study has been conducted to investigate the ef-
fect of cognitive tasks on hip, knee, and ankle range of mo-
tion (ROM) in sagittal, frontal, and transverse planes during
walking in people with FAL Therefore. This study aimed
to investigate the effect of cognitive load on the ROM of
lower limb joints in sagittal, frontal, and transverse planes
during walking in men with and without FAI

Materials and methods

This is a non-randomized controlled clinical trial. Partic-
ipants included 18 men with FAI and 19 healthy matched
men with no history of ankle sprain aged 18-40 years.
Thirty-eight markers were attached to participants’ bony
landmarks. Participants completed three randomized con-
ditions (three trials per condition): (1) normal walking on
a treadmill, (2) normal walking while performing a cog-

Scientific Journal of

nitive task, and (3) Performing the cognitive task while
sitting. Participants walked barefoot at a self-determined
speed for 95 seconds while looking forward. The Vicon
motion-capture system with eight cameras at the fre-
quency of 100 Hz was used to obtain three-dimensional
kinematic data for the hip, knee, and ankle joint ROMs in
the sagittal, frontal, and transverse planes. The auditory
Stroop task was used as the cognitive task in this study. In
this task, the two words, “high” and “low,” were spoken
in either high or low pitch. The participants were asked to
recognize the pitch of the sound without attention to the
spoken word and say the opposite word as quickly as pos-
sible. Error ratio (number of incorrect responses divided
by the total number of stimuli) and mean verbal reaction
time (time required to respond to each auditory signal)
were measured as their cognitive task performance. The
intraclass correlation coefficient (ICC) was used to deter-
mine the intrasession reliability of kinematic and cogni-
tive outcomes under single and dual-task conditions in
individuals with and without FAI.

Results

The results showed that the ICC of kinematic variables,
including the ROM of the hip, knee, and ankle joints, with
and without cognitive tasks in three planes, was more
than 0.70. Repeated measure analysis of variance showed
that during the single task, the group with FAI showed a
significantly decreased knee ROM in the transverse plane
and decreased hip ROM in the sagittal plane compared to
the healthy group. During the dual task, the group with
FAI showed a significantly increased hip ROM in the
sagittal plane compared to the healthy group. According
to the paired t-test results, applying the cognitive task in
the patient group caused a significant increase in the hip
ROM in the sagittal plane compared to the no-cognitive
task mode. In the healthy group, the cognitive task caused
a significant decrease in the ROM of the knee and hip
joints in the sagittal plane compared to the no-cognitive
task mode. Regarding cognitive task performance, the re-
sults showed that the group with FAT had a longer reaction
time in the auditory Stroop test during dual-task walking
than during dual-task sitting, compared to healthy people.

Conclusion

The hip and knee joints of men with FAI have less abili-
ty when facing environmental perturbations and are more
affected by postural and cognitive tasks. Using a higher
hip and knee ROM to achieve overall body balance in
challenging positions is an alternative movement strategy
that can distribute impact from an unstable distal joint
(such as the ankle joint) to more stable proximal joints
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(such as knee and hip joints). This strategy can increase
the risk of future injuries in these people's proximal joints.
Therefore, FAI can be an interfering factor in motor—cog-
nitive interactions. Motor-cognitive interventions should
be used as a part of rehabilitation for men with FAI to
increase their ability to adopt appropriate movement strat-
egies against unpredictable and unfamiliar environmental
perturbations that can increase the possibility of re-injury.
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6. Non-randomized controlled clinical trial
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14. Intraclass Correlation Coefficient (ICC)
15. Kolmogorov-Smirnov

16. Mann-Whitney

17. Independent Samples T-Test

18. Paired t-test
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