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Introduction: Ankle sprain is a common sports injury that can cause Functional Ankle
Instability (FAI). Neurocognitive function impairment had been reported in subjects with
musculoskeletal injuries. Consequently, information processing deficits might be associated
with FAI. This study aimed to compare information processing speed and accuracy in athletes
with and without FAI.
Materials and Methods: Eighteen control healthy male basketball players and 18 male
basketball players with FAI voluntarily participated in the study. They were matched
according to age, height, weight, duration of physical activity, and upper-limb dominance. The
neurocognitive function of subjects was assessed with the computerized neurocognitive test.
The computerized neurocognitive assessment is based on the presentation of ‘X’ on a computer
monitor and includes detection (i.e. simple reaction time [SRT]) or identification (i.e. Choice
Reaction Time [CRT]).

Keywords:

Results: Significant differences were observed between study groups in the SRT, CRT, and
the number of errors (P<0.001). Subjects in the control group had a shorter reaction time and
fewer errors.

Neurocognitive function,
Reaction time task, Functional
ankle instability

Discussion: Athletes with FAI had significantly slower reaction times. FAI affects processing
speed and accuracy, which may be modifiable through the performance of exercises designed
to accelerate neurocognitive processing of visual input.

A

1. Introduction
pplication of neuropsychological tests
as an assessment tool in sports concussion had rapidly grown in the United
States since its introduction to the sports
medicine community by Barth et al. in the

1980s [1]. During the past two decades, computerized
neurocognitive tests have become increasingly popular due to their several benefits. These benefits include
standardization of stimulus presentation, shorter administration time, rapid and accurate analysis and storage of
data, easy comparison with prior test performance, and
the existence of multiple equivalent forms of the test to
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minimize the practice effects such as learning [1, 2]. The
computerized neurocognitive tests can accurately measure the reaction time as short as one millisecond. This
accuracy gives computerized testing a considerable advantage over more traditional test methods in detecting
the subtle impairments in central processing speed [3].
Prolonged neurocognitive reaction time is now widely
recognized as an essential indicator of impaired brain
function following a concussion [4-12], which could be
quantified by computerized testing procedures that had
been shown to provide highly reliable measurements
[13]. Swanik et al. [14] reported the first evidence of
a possible link between brain function quantified by a
computerized neurocognitive test and knee injury risk.
Neurocognitive reaction time appeared to be an indicator
of elevated risk for lower extremity sprains and strains
[15].
Besides, slow reaction time was reported in individuals with musculoskeletal injuries [16-19]. Functional
ankle instability (FAI) is a condition that occurs in approximately 40% of patients with an ankle sprain [20].
It is defined as the “disabling loss of reliable static and
dynamic support of a joint” and a “tendency for the foot
to give way” [21, 22]. Despite successful management
of pain, range of motion, muscle strength and balance, a
recurrent ankle sprain is a common problem, and other
factors such as neurocognitive factors have overlooked
in this regard.
The amount of time required for visual perception of
a stimulus, information processing, and response to the
stimulus may be associated with the athletes’ situational
awareness and their capability for the rapid generation
of an appropriate motor response to external forces [15].
Neurocognitive parameters, such as reaction time,
processing speed, visual memory, and verbal memory,
were well established in the neuropsychology literature
as indirect measures of cerebral performance. Situational
awareness, arousal, and attentional resources of the individual might influence these areas of neurocognitive
function and affect the complex integration of vestibular,
visual, and somatosensory information needed for neuromuscular control [4, 11, 23].
Previous studies had not attempted to compare information processing speed and accuracy in athletes with
and without FAI. Therefore, we aimed to evaluate the
information processing speed and accuracy in athletes
with and without FAI.
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2. Materials and Methods
Study Subjects
A total of 18 male basketball players with FAI and 18
healthy control male basketball players were selected by
non-probability convenient sampling method from basketball teams attending Karaj City professional leagues.
Our study was a case-control one. Athletes were matched
according to their age, height, weight, duration of physical activity, and upper-limb dominance. The subjects in
FAI and control group had a Mean±SD age, weight, and
height of 23.33±2.35, 22.89±2.59 years, 68.17±13.22,
67.28±12.54 kg and 1.78±0.10, 1.79±0.13 m, respectively. All subjects were college basketball players and
signed an informed consent form approved by the Ethics Committee of the Tehran University of Medical Sciences.
Subjects with FAI were included in the study if their
ages were between 20 and 30 years, had at least 1 significant unilateral inversion sprain of either ankle that
resulted in pain, swelling, and loss of function within
last year, followed by more than 1 repeated injury or the
perception of ankle instability or “giving way", no recent lower-limb or low back pathology, no evidence of
mechanical instability as assessed by the anterior drawer
and talar tilt tests, no reported history of ankle injury
within the last 3 months. Subjects in the FAI group had 1
to 3 ankle sprains within the previous 12 months, and the
Cumberland Ankle Instability Tool (CAIT) score lower
than 24 [24-27].
Subjects were included in the control group if their
ages were between 20 and 30 years and had no history
of ankle sprains [20]. The information was gathered by
a trained physical therapist using a self-report questionnaire and clinical examination. Subjects would be excluded from the control group if they reported a history
of ankle sprain or perception of giving-way in the ankle.
Subjects would be excluded from both groups if they
were using any medicine that could affect their cognitive
function or reluctant to continue the test [24].
Questionnaire
All subjects completed a questionnaire providing baseline characteristics, including age, and duration of physical activity and subjects with FAI were asked to complete CAIT, too.
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Procedure

3. Results

Neurocognitive Test. The subjects were allowed one
practice trial to familiarize themselves with the cognitive
test. All athletes completed a computerized neurocognitive test, Deary-Liewald Reaction time Task (DLRT).
Each athlete wore headphones during the test to minimize outside distractions. The computerized neurocognitive assessment was based on the presentation of ‘X’
on a computer monitor and included detection (i.e. Simple Reaction Time [SRT]) or identification (i.e. Choice
Reaction Time [CRT]). In SRT measurement, ‘X’ mark
appears in the relevant box on the screen and each time
it has appeared, the athlete must press the space key as
quickly as possible.

There was no statistically significant difference in
terms of age (P=0.442), weight (P=0.767), height
(P=0.870), and duration of physical activity (P=0.94)
between the two groups.

At least 20 trials were completed and reaction time was
recorded. In CRT measurement, there were four boxes
on the screen. ‘X’ mark appears in one of them and the
athlete must press the correct key for that box as quickly
as possible. At least 40 trials were completed and reaction time and error were recorded. Tests order was random. The subject took a 30-s rest between trials, and at
least 1 minute of rest between tests. Each subject performed each test three times, and the mean of his scores
was recorded as the final score.
Statistical analysis
All data were imported into SPSS V. 16. Normal distribution was evaluated using the Kolmogorov-Smirnov
test. The between-group comparison was made using
the independent samples t test to compare performance
differences between FAI and control group for the neurocognitive tests.

In general, a high to a very high level of reliability
was determined, with an Intraclass Correlational Coefficient (ICC) of 0.71 to 0.98 and a Standard Error of
Measurement (SEM) of 0.24 to 16.44. Between group
comparison of the neurocognitive function showed significant differences in SRT (t= -3.751, P>0.001), CRT
(t= -5.262, P>0.001) and number of errors (t= -3.846,
P>0.001). Subjects in the control group had a shorter reaction time and fewer errors (Table 1).

4. Discussion
A lateral ankle sprain is a common injury in athletes.
FAI is a condition that occurs after an ankle sprain and
often associated with foot giving way [20-22]. Our results showed that athletes with FAI had significantly
slower reaction times and high error rates. Therefore,
FAI may adversely affect neurocognitive performance.
One potential explanation could be the negative emotional and psychological factors, or preexisting vulnerabilities due to long elapsed time after injury (chronic
condition) [28-30].
Williams and Andersen reported that the number of
injuries in athletes was significantly related to the narrowing of the visual field under stressful conditions [31].
The finding that the administration of an antidepressant
medicine (fluvoxamine) improves the reaction time of
healthy subjects provides further evidence of an association between psychosocial stress and reaction time [32].

Table 1. Between-group comparison

Variables

Mean±SD

t

P

333.02±40.03

-3.751

0.001

419.56±41.34

506.20±56.31

-5.262

0.000

0.13±0.33

1.24±1.18

-3.846

0.001

Control

FAI

SRT

295.88±12.73

CRT
Error

significant differences in simple reaction time (ms); choice reaction time (ms); and the number of errors (t); 18 males were studied In
each group; Subjects in the control group had a shorter reaction time and fewer errors
SRT: Simple Reaction Time; CRT: Choice Reaction Time; FAI: Functional Ankle Instability
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As mentioned, after a long time, the psychological
and emotional consequences of the chronic injury can
lead to depression and anxiety, and these factors are
associated with cognitive dysfunction in experimental
settings [33, 34].
Physical activity requires situational awareness of a
broad attentional field to monitor the surrounding environment, to filter irrelevant information continuously,
and to execute complex motor programs simultaneously
[35-37]. Increased arousal or anxiety influences athletes’
concentration, narrows their attentional field, and alters
muscle activity, which is associated with poor coordination and inferior performance [38, 39].
Dynamic stability of the lower extremity requires a
rapid generation of internal torque to counteract external
torque that is continuously changing and might be unpredictable. A relatively small delay in neural processing
of visual input, or a relatively small narrowing of the peripheral visual field, can have a significant impact on the
ability to anticipate external loads. These, in turn, leads
to inadequate muscle tension that will result in dynamic
joint instability [14, 31].
A typical example used to demonstrate how decreased
reaction time contributes to poor performance involves
the slowed reactions of distracted drivers during automobile accidents [40, 41]. In an athletic population, our
results agree with previous research suggested that delayed reaction time might be linked with general musculoskeletal injuries [16-19]. Deficits in processing speed
and accuracy could make individuals more susceptible
to brief errors in judgment or loss of coordination when
confronted with complex environmental cues during
athletic competition.
To the best of our knowledge, no evidence was found to
support the effectiveness of any specific training method
for the improvement of information processing speed in
competitive athletes. Athletes who exhibit neurocognitive impairment may gain the most significant benefit
from activities designed to enhance the responsiveness
to visual stimuli. Future research is required to assess the
neurocognitive function which can reduce the risk of injury among athletes.
Athletes with FAI had significantly slower reaction
times. Therefore, FAI may influence processing speed
and accuracy. Future research is needed to shed some
light on the probable effects of exercises on neurocognitive processing.
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