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Abstract— The specific purpose of this present paper was to
investigate whether the EEG activity has been affected by
wearing whole body compression garments during a running
test. Ten subjects (men, n=5; women, n=5; age: 24.11 + 4.48
years; height: 163.56 = 7.70 cm; chest: 87.78 £+ 6.92 cm; weight:
58.67 + 10.96 kg; BMI: 21.77 + 2.63 kg.m?) completed a
running protocol on a treadmill. Each subject participated in
two running trials, wearing either a compression garment (CG)
or a non-compression garment (NCG) during exercise.
Electroencephalogram (EEG) signals were collected during
exercise using wearable sensors. The present study revealed a
statistically significant difference between CGs and NCGs in
alpha, beta and theta power spectral density (p<0.05).
Therefore, the brain activity was influenced by the application
of CGs during the running test. This result would also
recommends an application of CGs in training as well as in
competition.

I. INTRODUCTION

Fatigue is an effect of physical training and the efficient
management of fatigue by the athlete and coach is an
imperative task for optimizing performance [1]. Current
evidence on development in levels of tiredness has a
relationship to fatigue have been demonstrated to the
research of declining cognitive attention and slowing motor
reaction times, with examples involving a diminished
capability to take corrective action and decreased ability to
recognize signs of danger [2, 3]. Fatigue has commonly been
determined to as reduced alertness and an excessive feeling,
which debilitates both willingness and capability to conduct
a task [4]. Participants technique in a nonfatigued condition
with the best tackling indicated the most significant
reduction in tackling technique during fatigued stages.
Fatigue concluded in progressive declines in addressing
technique [5]. Studies that have reported the relationship
between fatigue and sports performance claimed that fatigue
is the best deciding factor in the reduction of performance as
all viewpoints are inclusive [6].

A number of previous research indicated compression
garments (CGs) were associated with fatigue and sports
performance. For instance, wearing CGs was relevant to
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significantly higher median frequency and lower muscle
activation during distance running related to crucial muscles.
This result demonstrated that using CGs may enhance
muscle function, prevent muscle fatigue and improve
running performance [7]. Similarly, compression garments
can ease fatigue and, consequently, lead to better
performance [8]. CGs may diminish impact accelerations
during running, decrease rating of development in the
acceleration parameters as fatigue increased [9]. Moreover,
CGs may present a low risk for sports injury, reduced fatigue
and cause lower muscle activation levels prolonged activity
duration. CGs was able to prevent muscle force consumed
for stability body’s motion which may be wasted on stability
on muscle oscillation. That may improve athletic
performance [10]. Another study also claimed that wearing
CGs during a handball-specific circuit provides benefits on
the impairment of the maximal muscle force characteristics
and is likely to be worthwhile for handball players involved
in activities such as tackles [11]. Driller and Williams
recommended the vital role of compression garments in an
elite athlete population as a performance and recovery tool
[12]. Consistent with that, many research showed CGs might
improve performance in sports. For example, a comparison
between using lower body CGs and non-CGs demonstrated
the improvement of countermovement jump height, the
decrease in the rating of perceived exertion post 15 min test
and the increase in the level of comfort. Or after submaximal
endurance running, lower-limb determined maintenance in
muscle power in a group of CGs compared with a group of
non-CGs [13]. During a tracking task, upper body CGs
showed improvement of performance. It is a useful effect on
functional motor control based on reducing in tracking errors
[14]. However, the underlying mechanisms by which the
impacts of CGs on performance are still lacking.

There was a reduction in muscle activation during a test
which was responsible for metabolism and brain
oxygenation in a maximal protocol. The decreased cerebral
oxygenation might be associated with the activity capacity
limiting aspect and the enhancement of central fatigue [15].
The study of the effect of acute effort on EEG claimed that
acute exercise could influence on mood variables and brain
activity in elderly and young participants [16]. Some
conclusions from a systematic review isolated 17 studies
claimed that slow wave activity increased in alpha 1 and 2
bands and theta over the entire cortex as person fatigues
[17]. The research during a pedaling exercise indicated
serotonergic system activation and ventral prefrontal cortex
increased alpha band in EEG and induced adverse mood



development [18]. Similarly, it is clear that EEG excitation
was associated with mood which concluded an elemental
mechanism of cortical activity after different exercise
intensities [19]. Summarizing the main recommendation of
the mentioned research, there is a relationship between
significant changes in brain wave activity and fatigue
condition [17].

To the best of our knowledge, there is no research
examining the relationship between using CGs and brain
activity based on EEG signals in sports. The aim of this
present work is first to examine and measure changes in
brain activity that exist as subjects conduct a running test on
a treadmill with the application of CGs. We hypothesize that
wearing CGs would result in less fatigue.

II. METHOD

A. Participants

Ten healthy participants (men, n=5; women, n=5; age: 24.11
+ 4.48 years; height: 163.56 = 7.70 cm; chest: 87.78 + 6.92
cm; weight: 58.67 + 10.96 kg; BMI: 21.77 + 2.63 kg.m?)
performed in the running test. All subjects were non-athletes
and do not have a smoking history. Exclusion criteria
include cardiovascular, respiratory disease, injury or current
use of medication. The participants did not consume alcohol
and caffeine about 24 hours prior to the experiments. They
also were required to have a healthy night sleep.

All volunteers gave a basic medical questionnaire and
written consent documents before the test. The approval
number is UTS HREC REF NO. ETH16-0696, which given
by University of Technology Sydney Human Ethic
Committee. The detailed characteristics of participants (five
men and five women) are shown in Table 1.

B. Study protocol

The protocol was designed for each participant visited the
laboratory two times throughout the trials period which was
conducted by at least two separate days. CGs and NCGs
were randomized during the two running tests. The normal
laboratory temperature was set at a range of 20-22°C.

The CGs used in the current experiment was SportSkins
Classic whole body compression garments (WBCGs), from
Skins, Campbelltown, NSW, Australia. The whole body CGs
included long-leg pants (from waist to ankle) and a long-
sleeved top (from neck and wrist to waist) which comprised
of 24% Roica Spandex and 76% Nylon and Meryl
Microfiber. Each CGs was fitted with size-correct garments
according to the manufacturer’s guideline
(https://www.skins.net/au/size-guide/), based on subjects’
body mass and stature. During the experiments, NCGs was a
T-shirt and short with 0% level of pressure. In both tests,
participants were required to wear the same socks and shoes.
The kind of comparison garments is shown in Figure 1.

Subjects participated in two running tests with CGs and
without CGs on two different days. A rest of about 10
minutes before the tests was required. EEG electrodes were
attached to the O1 position (Figure 1). Data of EEG-rest were
collected after this step.

Participants performed a 10-minute running at 6 km/h on
0% grade of a treadmill. The speed then increased by 1 km/h
every 2-minute running. Participants required stopping about
20 seconds to collect data after completing each velocity. The
process continued until a speed of 11 km/h was reached. EEG
signals were obtained during the exercise using a Flexcomp
Infiniti Monitor of Thought Technology Ltd, Canada.
Impedance was checked before and after the test following
Figure 2.

TABLE L SUBJECTS CHARACTERISTICS
Subjects (n=10)
Parameters Men (n=5) Women (n=>5)
Meanztstd Meanztstd
Age (year) 25.50 £5.26 23.00 £4.00
Height (cm) 170.25 £4.50 158.20+4.76
Chest (cm) 93.75+1.85 83.00 +5.39
Weight (kg) 67.75+5.74 51.40 +8.20
Body mass index (kgm-2) | 2343 £2.47 | 20.46 % 2.09

Figure 1. Subject wear compression garments and non-compression
garments
Figure 2. Impedance-check before and after the test.

I == 3.02

C. Data analysis

The mean value and standard deviation were computed
for all descriptive and physiological measures. All analyses
were calculated with Matlab version 2016b.

EEG data during the walking and running were chosen
during 20 seconds each completed velocity when participants
stopped. Parameters were compared between two grament
conditions based on paired t-tests. Statistical significance is
reported when the p-value is lower than 0.05.



III. RESULTS

During exercise, a significant increase in power spectral
density across both CG and NCG groups was reported
(p<0.05). However, CG group experienced substantially
lower alpha power spectral density compared with NCG
group at 7 km/h (CGs: 20.95, NCGs: 31.85, p=0.0081), at 8
km/h  (CGs: 29.79, NCGs: 41.44, p=0.0016), at 9 km/h
(CGs: 34.80, NCGs: 47.55, p=0.0062), at 10 km/h (CGs:
39.74, NCGs: 53.01, p=0.0131) and 11 kmv/h (CGs: 41.41,
NCGs: 55.75, p=0.0071). The results are shown in Figure 3.

Similarly, high alpha and low alpha also indicated the
significant difference from 7 km/h to 11 km/h between two
garment groups. High alpha showed significant difference
between CGs and NCGs at 7 km/h (CGs: 14.56, NCGs:
21.44, p=0.0101), at 8 kmv/h (CGs: 20.29, NCGs: 27.17,
p=0.0007), at 9 km/h (CGs: 23.82, NCGs: 30.63, p=0.0071),
at 10 km/h (CGs: 27.00, NCGs: 33.76, p=0.0244), at 11 km/h
(CGs: 28.08, NCGs: 35.13, p=0.014). The results are shown
in Figure 4. Consistent with that, low alpha illustrated
significantly lower values in CGs when compared to NCGs at
7 km/h (CGs: 15.43, NCGs: 24.37, p=0.0084), 8 km/h (CGs:
22.85, NCGs: 32.54, p=0.0044), at 9 km/h (CGs: 26.71,
NCGs: 37.95, p=0.0115), at 10 km/h (CGs: 30.72, NCGs:
42.73, p=0.0192) and at 11 km/h (CGs: 32.04, NCGs: 45.25,
p=0.0120). The results are shown in Figure 5.

Additionally, beta power spectral density was found to
have significantly increased in both CGs and NCGs group
during exercise (p<0.05). Beta parameters demonstrated the
significant difference between CGs and NCGs at 7 km/h
(CGs: 14.64, NCGs: 18.78, p=0.0291), at 8 km/h (CGs:
17.43, NCGs: 22.00, p=0.0147), at 9 kmv/h (CGs: 19.51,
NCGs: 23.75, p=0.037), at 10 km/h (CGs: 21.33, NCGs:
26.04, p=0.0282) and at 11 km/h (CGs: 22.11, NCGs: 27.18,
p=0.024). The results are presented in Figure 6.

Similar result was forthcoming for theta power spectral
density. Substantial increases also occurred in theta from
velocity of 6 km/h to the end of exercise at 11 km/h in both
groups of garments (p<0.05). The significant difference
between CGs and NCGs revealed at 6 km/h (CGs: 24.25,
NCGs: 44.11, p=0.007), 7 km/h (CGs: 28.23, NCGs: 56.76,
p=0.0025), 8 km/h (CGs: 46.21, NCGs: 72.29, p=0.0225), 9
km/h (CGs: 51.27, NCGs: 81.48, p=0.0181), 10 km/h (CGs:
56.90, NCGs: 90.79, p=0.0146) and 11 km/h (CGs: 59.28,
NCGs: 94.75, p=0.0089). The results are presented in Figure
7.
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Figure 4. High alpha (***p<0.001, **p<0.01, *p<0.05)
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Figure 5. Low alpha (**p<0.01, *p<0.05)
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Figure 6. Beta power spectral density (¥*p<0.05)
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Figure 7. Theta-power spectral density (**p<0.01, *p<0.05)
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IV. DISCUSSION AND CONCLUSION

This present research is the first to simultaneously assess
brain activity with EEG signals to suggest the influence of
CGs during the running exercise. It examined EEG wave
power spectral density significantly improved during the
protocol in both groups of garments. Following a paradigm
put forward in previous work suggesting that beta power
indicated a significant increase at central (C4) and frontal
(Fpl, F3, and F4) areas, which associated with the
improvement of cortical activation [20]. Moreover, the
finding is consistent with research of EEG in an aerobic
exercise which reported a significant enhancement in an
alpha wave with low-frequency range and theta wave related
to acute activity with low intensity [21]. Additionally, CGs
indicated the significantly lower values in all parameters
including alpha, beta and theta compared with NCGs from 7
km/h to 11 km/h (p<0.05). These evidence demonstrated
CGs effects on brain activity during the running test.

The previous study from our research team evaluated the
relationship between fatigue with the changes of regional
brain wave activity. The results demonstrated that alpha 1,
alpha 2 bands and theta increased over the entire cortex in
fatigued participants [17]. Similarly, alteration in cortical
activity estimated throughout a high-intensity cycling
exercise identified a significant development in EEG power
during the test as fatigue increased [22]. The findings of the
current study concluded that alpha power spectral density,
high alpha, low alpha, theta power spectral density and beta
power spectral density indicated significantly higher value in
NCGs group compared with CGs group over the occipital
lobes.

Although limitations exist, the results support the
hypotheses that wearing CGs would reduce fatigue and
improve performance. This observation would also suggest
an application of CGs in training as well as in competition.
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