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Abstract

Purpose: This study aimed to assess the proprioception of knee joint status under conditions of
muscle and mental fatigue through transcranial direct current stimulation (tdcs).

Methods: The research design was a quasi-experimental study, with a statistical population of 14
male students (mean age 24.07 + 3.8) selected through purposive sampling. Participants underwent
tDCS twice after experiencing fatigue conditions, with direct electrical stimulation applied in anodal
and sham modes. Proprioception of knee joint angle was measured using an isokinetic device. Data
analysis was conducted using the repeated measures ANOVA and t tests (P<0.05).

Results: Analysis using repeated measures ANOVA revealed a significant effect of direct electrical
brain stimulation on knee proprioception under mental fatigue conditions (P=0.037). Additionally, a
comparison of anodal and sham stimulation showed that anodal stimulation was more effective
(P=0.19).

Conclusion: Our results showed that the tDCS anodal stimulation may serve as a valuable adjunct
intervention to enhance knee proprioception under conditions of mental fatigue.
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Extended Abstract
Background and Purpose

Fatigue is an accumulative and gradual
process associated with a lack of motivation,
decreased efficiency, alertness, and disruption
in mental performance, which can manifest as
physical or mental fatigue. It is often
considered a defence mechanism to prevent
harm to the body, but it is a concerning issue
for athletes and sports coaches. There are
incomplete discussions about the definition of
fatigue, its causes, effects on performance,
differences in types, methods of measurement,
and the best ways to overcome fatigue and
improve performance.

Due to the complexity of fatigue mechanisms,
scientists have not provided a unified
definition. Researchers define fatigue as a
state caused by mental or physical pressure,
illness, or decreased muscle efficiency after
prolonged activity. Mental fatigue arises from
increased mental fatigue levels or decreased
cognitive performance after long periods of
cognitive activity. This acute fatigue is
different from chronic fatigue and cognitive
impairment related to aging or illness. Tasks
causing mental fatigue negatively impact
cognitive performance, leading some to
suggest using "cognitive fatigue" instead of
mental fatigue. The importance of fatigue in
motor and cognitive skill execution, its impact
on performance, and conflicting findings on its
effects necessitate a study to compare mental
fatigue with muscle fatigue on proprioception.
By comparing the effects of both variables,
researchers can address their influence on
position sense performance. The main
question is whether there is a difference

between muscle and mental fatigue in motor
control and learning theories, and if so, which
type has a greater impact on position sense
after tDCS intervention. These findings can
have wvarious interpretations, making it
essential to investigate the effect of tDCS on
the DLPFC in muscle and mental fatigue
conditions on knee joint position sense.

Materials and Methods

The present study is semi-experimental
research with a pre-test post-test design. The
sample size was determined to be 14
individuals (aged 20 to 30) based on previous
similar studies and using G*Power software
with an effect size of 0.45, statistical power of
95%, and a significance level of 0.05.
Inclusion criteria included having physical and
mental health, engaging in physical activity at
least 3 days a week, and having no
neurological diseases or physical conditions
based on self-report and medical records.
Participants were required to abstain from any
mental activity that could cause mental stress,
fatigue, or mood changes 24 hours before the
experiment. They volunteered and participated
in the study voluntarily and purposefully. The
criteria for exiting the study included absence
from intervention sessions, consumption of
alcohol or interfering drugs, use of
psychoactive drugs, lack of sufficient sleep,
dissatisfaction, or any pressure due to
interventions in the study, history of knee joint
injuries or muscle tears in the hip, knee, and
ankle joints, and a lack of willingness to
cooperate and participate in the study.
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In this study, a transcranial electrical
stimulation device called Neurostim, produced
by Medina Teb Gostar Company and Sina
Cognitive Sciences Institute, was used for
brain stimulation. The study procedure began
with calibrating the devices. In this phase,
participants estimated the knee joint angle on
the isokinetic device to record movement
sensation data (estimating three angles: 30, 45,
and 75 degrees). It is worth mentioning that
the participants were unaware of the type of
intervention  (fatigue with or without
stimulation) as the intervention sessions were
randomly selected for each participant.
Subsequently, participants underwent the
intended intervention (muscle / mental
fatigue). A week later, the group experiencing
muscle fatigue received mental fatigue
intervention, and the group experiencing
mental fatigue received muscle fatigue
intervention. Immediately after, the dependent
variable test was conducted.

In the mental fatigue intervention, participants
first completed an analog visual fatigue scale
guestionnaire to assess mental fatigue and then
performed the Stroop task for 60 minutes to
induce mental fatigue. Previous studies have
used different durations (90-30 minutes) to
induce mental fatigue, so in this study, a
modified 60-minute incongruent Stroop task
involving color and word meanings was used.
Participants were presented with colored
words (green, blue, red, yellow) displayed in
an incongruent color (e.g., the word "green" in
blue color). Participants had to press one of the
four colored buttons on the keyboard (green,
blue, red, yellow) corresponding to the color
displayed on the screen (e.g., for the word
"green™ in blue color, they had to press the
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blue button). However, for words displayed in
red, participants had to ignore previous
instructions and  press the  button
corresponding to the written word (e.g., for the
word "yellow" in red, they had to press the
yellow button). Participants had to respond as
quickly as possible. Twenty practice trials
were conducted before starting the mental
fatigue task to ensure that participants
understood the instructions. Afterward,
participants immediately answered a 10-item
mental fatigue questionnaire (VAS) for one
minute, followed by the knee joint angle
estimation test to assess the sensation of the
knee position.

In the muscle fatigue intervention, participants
used a Monark cycle ergometer after adjusting
the seat and handlebar height to match the
length of their legs and arms (comfortable
cycling height). Participants started with a 10-
minute warm-up, followed by a light cycling
session and then an incremental protocol
starting at 100 watts, increasing by 15 watts
per minute. A pedal frequency meter was used
to maintain a speed between 75 and 80
revolutions per minute. Verbal encouragement
was provided to motivate participants for
maximum performance during the protocol.
The protocol ended when: (1) voluntarily
terminated by the participant, (2) the pedalling
speed could not be maintained at 75
revolutions per minute. Initially, a 10-minute
warm-up without resistance was performed,
and then maximum voluntary contractions of
knee extension and flexion were measured
before and after the muscle fatigue protocol to
compare and confirm the effect of muscle
fatigue. The ankle of the participant was
measured with a dynamometer, 5 cm above the
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right ankle joint. The participant was seated on
an adjustable chair with hips and knees at a 90-
degree angle and the ankle in a neutral
position. Belts were applied around the
participant's hips and chest. Visual feedback of
the force produced was provided on a screen
placed 50 cm in front of the participant.
Participants were asked to perform three
maximum contractions for both knee
extension and flexion (for 5 seconds each)
with a 2-minute rest between each contraction.
Verbal encouragement was provided to
encourage maximum effort, and the highest of
the three efforts was defined as the maximum
voluntary contraction. Immediately after the
muscle fatigue intervention, the knee joint
angle estimation test was conducted to assess
the sensation of the knee position.

Results

Results of the Shapiro-Wilk test showed that
the distribution of all measured data in both
groups was normal. According to the results of
the Shapiro-Wilk test in the pre-test, the test
statistic for the research variables was 0.913
with a significance level of 0.004=sig. In the
post-test under mental fatigue conditions, the
test statistic was 0.894 with a significance
level of 0.093=sig, and in the post-test under
muscle fatigue conditions, the test statistic was
0.928 with a significance level of 0.033=sig.
The research results indicated that the main
effect of tdcs stimulation under mental fatigue
conditions with stimulation was significant
compared to mental fatigue conditions without
stimulation (p=0.037). Based on the results
obtained from the means, a significant
difference was shown between conditions with
and without stimulation in both muscle and

mental fatigue conditions. However, in
comparing the two conditions of muscle and
mental fatigue with stimulation, no significant
difference (p=0.19) was observed.

Conclusion

The aim of this research was to investigate the
impact of transcranial direct current
stimulation on muscle and mental fatigue in
knee joint proprioception. The results
indicated that tDCS stimulation in the lateral
prefrontal cortex area improved both muscle
and mental fatigue conditions. Overall, there
was a significant difference between
stimulated and non-stimulated conditions
under mental fatigue. However, no significant
difference was found between muscle and
mental fatigue conditions with stimulation.
These results suggest that anodal stimulation
improved fatigue conditions.

Furthermore, based on the findings, it can be
said that the reduced angular estimation errors
under  fatigue  conditions  following
transcranial electrical stimulation in this study
may be related to cortical excitability. Anodal
stimulation depolarizes neurons, leading to
changes in neuronal resting state and increased
excitability in the lateral posterior prefrontal
cortex on the left side. Increased excitability in
the prefrontal cortex results in increased
dopamine  release,  which improves
performance. Dopaminergic stimulation is
crucial for maintaining prefrontal cortex
activity for cognitive and essential functions.
Therefore, considering the positive impact of
transcranial electrical stimulation on mental
fatigue, as confirmed in this study, further
research support is necessary. The practical
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applicability of these cognitive interventions
for coaches and athletes should be
emphasized. Coaches need to focus on fatigue
issues during tasks.

In  conclusion, the initial assumptions
regarding the differences between muscle and
mental fatigue as representatives of various
theories in motor control and learning, after
transcranial electrical stimulation, have been
confirmed. The results of this study can
expand our basic knowledge of mental and
muscle fatigue on knee joint proprioception
and provide practical guidelines for coaches
and individuals engaged in regular exercise or
performance. Proper planning and
programming of exercises are crucial in sports
science literature, but attention to mental and
muscle fatigue conditions is also essential.
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