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ABSTRACT

Objectives: This study presents a method of assessing muscle fatigue during endurance testing
at 50% maximal voluntary contraction (MVC) using electromyography (EMG) information as
indirect indices of fatigability in the forearm muscles, namely, flexor digitorum superficialis (FDS);
flexor carpi ulnaris (FCU); extensor carpi ulnaris (ECU) and extensor carpi radialis brevis (ECRB)."

Article info: This study presents a method of assessing muscle fatigue during endurance testing at 50% maximal
Received: 04 Jun 2020 . voluntary contraction (MVC) using electromyography (EMG) information as indirect indices of
Accepted: 30 Mar 2021 fatigability in the forearm muscles, namely, flexor digitorum superficialis (FDS); flexor carpi ulnaris
Available Online: 01 Mar 2021 (FCU); extensor carpi ulnaris (ECU) and extensor carpi radialis brevis (ECRB).

Methods: A randomized comparative experimental design was used during endurance test
with 8 VT protocols; based on different combinations of vibration frequency (35 & 45 Hz),
amplitude (3+0.5g & 940.5g), and exposure duration (30 & 60 seconds), i.e., were given to
the study participants for 4 days. A random sampling of participants was conducted from two
groups (n=56/group), as follows: individuals with a Sedentary Lifestyle (SL) and a group of
Construction Workers (CW).

Results: Multivariate Analysis of Variance (MANOVA) results indicated a significant increase

in EMG rms, median frequency, waveform length, mean absolute value (P<0.001), and

the variance of EMG signal (P<0.05) (except in ECU for the SL group and ECRB for the

CW group on the variance of EMG signal) after VT in all muscles of both research groups.

Therefore, an increase in the EMG parameter value after a grip endurance task revealing an

:  elevation in EMG signal amplitude is indicative of muscle fiber fatigue. Furthermore, the

Keywords: ¢ $trongest correlation was found between grip endurance and WL (1=0.471, P<0.001), and
¢ EMG rms (1=0.401, P<0.001) of the ECU muscle in the SL group only.

Vibration therapy, .

Muscle fatigue, Surface . Discussion: The patterns of EMG signal represented the amplitude and spectral parameters of
electromyography, Endurance ~ :  the signal, enabling real-time fatigue analysis. Additionally, surface EMG information is useful
training ¢ for indirectly evaluating performance fatigue during the endurance test.
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Highlights

e VT is believed to provide similar strength gains while limiting fatigue. Thus, it may be applied to workers in the
construction industry.

e Current findings are examples of guidelines that may be useful to professional sports, clinical, rehabilitation, and
medical therapists.

e The combination of high-frequency and low-amplitude, as well as low-frequency and high-amplitude, elicited
greater activation of EMG activity in a shorter exposure.

Plain Language Summary

Vibration Therapy (VT) stimulates muscle spindles; thereby improving associated activity, allowing Motor Unit
(MU) synchronization and generating further strength. The understanding/analysis of muscle fatigue is an important
respecting prosthesis, functional electrical stimulation, and sports biomechanics. This study used surface Electromy-
ography (EMG) information to present a multivariate approach using multiple EMG features to assess muscle fatigue
during endurance testing. EMG surface data were found useful for indirectly assessing performance fatigue during
the endurance test. Consequently, an increase in the value of the EMG parameter after an endurance task presented
an elevation in the amplitude of the EMG signal, indicating the fatigue of muscle fibers. Therefore, the present study

outcomes may be used as guidelines for professional sports, clinical, rehabilitation, and medical therapists.

1. Introduction

ibration Therapy (VT) stimulates muscle
spindles; thereby improving associ-
ated activity, allowing Motor Unit (MU)
synchronization, and generating further
strength [1]. VT has been used to in-
crease Electromyography (EMG) activity, power, and
muscle strength [2]. Additionally, numerous researchers
reported improvements in muscle performance using dif-
ferent frequencies of VT; 35 Hz [3-5] and 45 Hz [6, 7].
These have been observed where the muscle excitatory
response plays a key role in improving muscle activation
[8]. VT can reduce the pressure or tension in the belly of
muscles. VT can also affect the viscoelastic aspects of the
muscle tissue, leading to an increased ability to generate
force [9]. Furthermore, muscular fatigue is a learning pa-
rameter of muscular performance. Information on optimal
vibration training protocols is scarce. Specifically, the ef-
fects of various vibrational parameters on neuromuscular
response and muscular fatigue remain unrecognized.

Muscle fatigue is a condition in which a muscle can-
not produce the required or expected force [10]. More-
over, the extent of muscular fatigue can be evaluated by
EMG activity [11]. The mean square root of the EMG
signal increases with the intensity of muscular activity
and the generation of force [11] with aggravated fatigue
[12]. Researchers suggested that the increased recruit-

ment of additional Motor Units (MUs) occurs due to a
gradual increase in EMG activity [13-15]. A multivariate
approach to assess fatigue was recommended,; this is be-
cause multiple EMG features provide more information
than a single feature [16].

Besides, spectral parameters, such as mean or median
frequency and (amplitude features) such as root mean
square; mean absolute value; EMG variance; and wave-
form length have been widely considered as the means
of tracking muscle fiber fatigue over time [17, 18]. How-
ever, the amplitude measurements and spectral param-
eters described above may exhibit enhanced value-time
discrepancies [16]. This is due to the non-stationary
behavior of the EMG signal [19]. While measuring
submaximal contraction, surface EMG signals elevate
with fatigue. This process occurs due to the firing rate
of MUs, and enhanced recruitment and synchronization
of MUs within muscle fibers [14]. Numerous other ap-
proaches are also used to assess muscular fatigue viz.,
endurance tests; isometric strength test; muscle imaging;
muscle biopsy; and surface Electromyography (SEMG)
[20]; all of which aimed to compare muscle performance
before and after the provision of therapy.

This study employed surface EMG data to present a
multivariate approach. Accordingly, we used multiple
EMG features to assess muscle fatigue during endurance
testing. Therefore, the current study aimed to investigate
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fatigue in the muscle fibers of the forearm based on the
pattern of EMG features. Such characteristics are con-
sidered as the indirect indices of performance fatigability
during endurance testing by different VT protocols.

2. Methods
Experimental Design

A randomized comparative experimental design was
used during the endurance test per 8 VT protocols. The
study was performed based on different combinations of
vibration frequency (35 & 45 Hz) [3-6, 21], amplitude
(3+0.5g & 9+0.5g) [21, 22], and exposure duration (30 &
60 seconds) [21], i.e., given to the research participants
for 4 days. The pattern of muscle fatigue was evaluated
concerning dependent variables, as follows: EMG rms;
the Variance of EMG (VEMG); Mean Absolute Value
(MAV); Waveform Length (WL), and Median Frequen-
cy (MDF) at 50% MVC during the endurance test.

Participants

The present study was conducted from November
2018 to May 2019 at the Department of Mechanical En-
gineering, Aligarh Muslim University (AMU), Aligarh
City, India. A random sampling of the study participants
was performed in two groups (n=56/group); individuals
with a Sedentary Lifestyle (SL) and a group of Construc-
tion Workers (CW). All research participants were right-
handed males and voluntarily participated in the current
experiment. The $tudy subjects reported no history of

March 2021, Volume 19, Number 1

wrist or forearm dysfunction or other neurological con-
ditions. Besides, they were examined by a physician at
J N Medical College, AMU, Aligarh City, India. The SL
group (staff/college students) were called from campus
by notice. A group of CW were hired from the construc-
tion site and paid for participating in the current study
in cash. The experimental protocol was explained to all
study participants before the onset of the study. Table 1
presents the basic anthropometric measurements of the
study participants.

Experimental set-up

The spring-loaded vibrating plate was designed to sup-
port the forearm in the supination position to deliver VT
(Figure 1). The vibrator (15-65Hz) (model: Max JS113,
M/s Manipol) was centrally mounted below the vibrat-
ing plate, consisting of a small DC motor with an ec-
centric head. The eccentric masses of different diameters
were also designed to provide the desired combination of
frequency and amplitude.

Experimental protocol

To provide the VT, the research participants were re-
quested to horizontally place their forearm in supination
position on a platform with adjustable wrist support for
the endurance test (Figure 1) and a vibrating plate dur-
ing VT (Figure 2). The chair height was adjusted so that
the study participant’s right arm was in a coronal plane
with 0° abduction ensuring 90°-120° elbow angles. For
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Figure 1. Experimental setup for recording the dependent variables
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Table 1. The characteristics of VT parameters and the anthropometric measurements of the study participants

MeaniSD/Age (y)
VT Protocol VT Frequency (Hz) Amplitude (g) Exposure Duration (sec)

SL Group CW Group
A 35 3+0.5 30 25.6%5.7 29.6%+11.9
B 35 3+0.5 60 26.7+6.4 39.7+14.1
C 35 9+0.5 30 30.6%1.9 31.4+10.3
D 35 9+0.5 60 27.4%7.5 28.617.1
E 45 3+0.5 30 28.6+2.9 21.9+3.8
F 45 3+0.5 60 34.6+3.7 23.4+2.2
G 45 9+0.5 30 24.143.9 24.3+6.2
H 45 9+0.5 60 30.8+4.8 30.1+5.3

In each VT protocol, 7 study participants were recruited for the muscle training program.

further details on the step-by-step experimental protocol,
refer to Alam et al.’s study [21].

Grip strength and endurance time measurement

Each study participant had to squeeze the grip jammer
dynamometer to its maximum capacity (twice with a
2-minute rest to record MVC) [15, 23] until the effort
could not be maintained at the desired level. The Jammer
dynamometer (Model: G100; Make: M/s Biometrics
Ltd., UK) was directly interfaced with an 8-channel par-
ticipant unit DatalLINK using cable H2000; it was con-
nected to the laptop by a USB1800 connecting lead. The

Figure 2. Forearm placed in supine posture on the spring loaded vibrating palate to deliver VT
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endurance time was then recorded at 50% MVC, while
simultaneously acquiring EMG signals using DataLINK
for subsequent analyses.

Surface EMG recording and analyses

EMG signals were recorded at a sampling frequency
of 1024 Hz using a surface EMG electrode (SX230, M/s
Biometrics Ltd. UK) with a 20-mm center-to-center dis-
tance [15, 24, 25]. The reference electrode was placed
on the wrist of the study subjects’ non-dominant hand.
Additionally, the surface EMG electrodes were attached
on Flexor Digitorum Superficialis (FDS), Flexor Carpi

Mranian [ehabilitation Mournal
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Table 2. The time domain and frequency domain features of the EMG signal

EMG Features Formula Explanation
N
Mean absolute value LZ x| It is used in the study of EMG 5|gn_a_ls as a discriminant for pattern
N& ' recognition.
] N
Variance mfo It is used as a power index function for pattern recognition.
~1L =1
N
/ 2 It is the most common function used during the analysis of the EMG
Root mean square —Z X .
N& signal.
- Iti t of th lexity of an EMG signal obtained
is a measurement of the complexity of an signal obtaine
Waveform length = i from the raw EMG signal.
L R The fi t which the spectrum of the EMG signal is divided
. _ _ 1 e frequency at which the spectrum of the signal is divide
Median frequency -~ })jf;)ﬁ)j_ 2 ;})j into two regions of equal amplitude.
i= j= =

Ulnaris (FCU), Extensor Carpi Ulnaris (ECU), and Ex-
tensor Carpi Radialis Brevis (ECRB) muscles [15, 26,
27]. These muscles were selected based on their func-
tional significance in the gripping task [26]. Before plac-
ing the electrodes, the electrodes and the skin surface
were washed with a cotton swab dipped in alcohol [15].

Vibration level Recordings

To measure the vibration level, a tri-axial accelerom-
eter (model: SENO41F, manufacturer: Piezo Electronics
PCB, New York, USA) was mounted at the center of the
plate (Figure 1). The vibration level (g) was measured
using an NI data acquisition card (National Instrument,
DAQ Card-9234); it was connected to a laptop using
LabVIEW12.0 code developed to capture, record, and
analyze vibration signals.

Feature extraction

To evaluate the Neuromuscular Performance (NP) us-
ing EMG signals, the EMG features listed in Table 2
were applied [18]. A LABVIEW 12.0 vi was coded for
the extraction of EMG features.

Data analysis

Multivariate Analysis of Variance (MANOVA) was
used in SPSS (Table 3) to analyze the obtained data
concerning the effects of VT protocols and the days of
exposure to the features of EMG signals. Moreover, the
Pearson correlation coefficient (Table 4) was employed
to compute the relevant data of the grip endurance time
and the features of the EMG signal.

[ranian Rehabilitation Mournal

3. Results
EMG root mean square

The days of exposure and VT protocols significantly
affected the EMG rms of all muscles (P<0.001) in both
research groups (Table 3). In the post-MANOVA tests,
most of the improvements were observed on days 4 and
5 (SNK) in both research groups. Significant differences
were detected in the interaction effect of VT protocols
and the days of exposure for EMG rms in FDS (P<0.001)
in the SL group. Figures 3 and 4 show an increase in
EMG rms pattern in both study groups on day 4 after VT
and on day 5 before vibration exposure (BVE) (except
in ECRB for VT protocol G in CW), compared to day 1
BVE in all muscles. The highest increase in EMG rms
was reported in FCU for VT protocol C in the SL and
VT protocol E in CW on the fourth day of VT. Besides,
the Pearson correlation coefficient data (Table 4) regard-
ing grip endurance time and EMG rms were significantly
positive in all muscles of the study groups (except in the
FDS & ECRB muscles for the CW group) with the high-
est correlation coefficient (r=0.401, P<0.001) in ECU
muscle for the SL group.

Median Frequency (MDF)

The obtained results suggested the significant effect of
VT protocols on the MDF of all muscles (P<0.001) in
both study groups (Table 3). However, there was no signif-
icant effect concerning the days of exposure on the MDF
of any muscles in the research groups. Significant differ-
ences were detected in the interaction effect of VT proto-
cols and the days of exposure for MDF in ECRB muscle
(P=0.004) among the CW group members. Figures 5 and
6 illustrate an increasing pattern in MDF values after day

Mukhtar Alam M & Ali Khan A. Fatigue Assessment Endurance Testing by Vibration Training. IRJ. 2021; 19(1):85-98.
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Table 3. The results of MANOVA concerning the dependent variables in the SL and CW groups

Independent Variables

€ w
& T3 Is and the D f
§ o 8 VT Protocols Days of Exposure VT Protocols and the Days o
(]
o o S Exposure
o

FDS FCU ECRB ECU FDS FCU ECRB ECU FDS FCU ECRB ECU
— RMS  <0001" <0001 <0.001" 00177 <0001" <0001" <0001" <0001 <0.001" 0.149" 0.898 0.566"
(%)
%. MDF  <0001" <0001" <0.001" <0001" 0278  0656* 0411*  0.254* 1000 0878  0.752* 0.084*
wv
(9}
5 VAR <0001 <0001" <0.001"  0.153* 0576* 0336* 0491 0581* 0276 0291* <0001 0.356*
>
©
% WL <0.001" <0001 <0001" <0001" 0.066° <0.001" <0001 <0001" 0963* 0978 0027 0.128"
©
(]
2 MAV <0001 <0001" <0001" <0001" 0.166° <0001 0069° 0039° 0157 0016 <0001 <0.001"
g RMS <0001" <0.001" 0025° <0001° 0003° <0001" <0.001" <0001 098 0080* 0.155 0.667*
Py
E MDF <0001 <0001" <0001" <0001" 0347% 0314* 0819 0595 0320° 0645 0004 0.780"
5
% VAR <0001 0045 0498 <0001" 0698 0850 0102 0002° 033" 0916° 0.283" 0.002°
o
=]
‘é’ WL <0.001" <0001" <0001 <0001 033" 038* 0271 0375 0189 0635 0449 0404
k7]
c
S MAV <0001 <0001" 0107 <0.001" 0920* 0589 0138" 0002° 0041 0649° 0779 0.074*

** P<0.001,* P<0.05, # P>0.05 (not significant).

4 of VT and on day 5 of be, compared to day 1 post BVE
in most of the muscles and VT protocols in both study
groups. Pearson correlation coefficient (Table 4) respect-
ing grip endurance time and the MDF was found to be
significant in FDS (r=0.159, P<0.001), ECRB (r=0.125,
P=0.008), and ECU (r=0.169, P<0.001) in the SL group;

Figure 3. The EMG rms values for the SL group in all muscles with respect to VT protocols

Mranian Eehabiliation Mournal

interestingly, there was a negative correlation in FDS
muscle (r=-0.168, P<0.001) in the CW group.

Variance of EMG signal (VAR)

VT protocols significantly influenced the variance of
EMG signal in FDS, FCU, and ECRB (P<0.001) in the

Mranian [ehabilitation Mournal
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Figure 4. The EMG rms values for the CW group in all muscles with respect to VT protocols

SL group; there was no such impact with FDS (P<0.001),
FCU (P=0.045), and ECU (P<0.001) in the CW group
(Table 3). However, the days of exposure indicated a
significant effect on VAR in ECU (P=0.002) in the CW
group. Significant differences were found in the interac-
tion effects of VT protocols and the days of exposure
for VAR in ECRB muscle (P<0.001) in the SL group as
well as ECU (P=0.002) in the CW group. Figures 7 and
8 demonstrate an increasing pattern in VAR values on
day 4 of VT and day 5 of be, compared to day 1 post-
BVE in most of the muscles and VT protocols in both
research groups. The highest increase in VAR was found
in ECRB muscle for VT protocol E in both study groups.
Interestingly, there was a significant negative correlation

March 2021, Volume 19, Number 1
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(Table 4) between grip endurance time and the VAR of
the EMG signal in FDS muscle in the research groups.

The VT protocols provided a significant effect on
Waveform Length (WL) in all muscles (P<0.001) in both
research groups (Table 3). Moreover, the days of expo-
sure significantly influenced WL values in FCU, ECRB,
and ECU (P<0.001) in the SL group. Significant differ-
ences were observed concerning the interaction effect of
VT protocols and the days of exposure for WL in ECRB
(P=0.027) in the SL group. Figures 9 and 10 illustrate an
increasing pattern in WL values on day 4 post-VT and
day 5 after be, compared to day 1 post-BVE in most of
the muscles and VT protocols in both research groups.
Pearson correlation coefficient (Table 4) respecting grip

Table 4. The results of the Pearson correlation coefficient (r) between the grip endurance time and EMG features

SL Group (n=56)

CW Group (n=56))

Variables
FDS FCU ECRB ECU FDS FCU ECRB ECU

RMS (r=0.329, (r=0.353, (r=0.312, (r=0.401, # (r=0.110, # (r=0.234,
P<0.001)  P<0.001)  P<0.001)  P<0.001) P=0.020) P<0.001)
(r=0.159, (r=0.125, (r=0.169, (r=-0.168,

MDF  pb.0.001) # P=0.008)  P<0.001)  P<0.001) # # #
(r=-0.101, (r=-0.116,

EMG Features VAR P=0.032) # # # P=0.014) # # #

WL (r=0.207, (r=0.434, (r=0.450, (r=0.471, (r=0.294, (r=0.299, (r=0.335, (r=0.409,
P<0.001) P<0.001) P<0.001) P<0.001) P<0.001) P<0.001) P<0.001) P<0.001)
(r=0.119,  (r=0.182, (r=0.149,

MAV " p_0012)  P<0.001) # P=0.002) # # # #

#P>0.05 (HOt SignjﬁCaIlt) Mranian [Fehabilitation Fournal
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Figure 5. Median frequency values for the SL group in all muscles with respect to VT protocols

endurance time and the WL was found significantly pos-
itive in all muscles of the study groups with the highest
correlation coefficient (r=0.471, P<0.001) belonging to
ECU muscle in the SL group.

The VT protocols signified a significant effect on Mean
Absolute Value (MAV) in all muscles (P<0.001) (ex-
cept in ECRB in the CW group) in both research groups

Iranian [Ziehabilitation Blournal
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(Table 3). The days of exposure provided a significant
impact on the MAV values in FCU (P=0.001) and ECU
(P=0.039) in the SL group; however, there were such ef-
fects detected in ECU (P=0.002) in the CW group. Sig-
nificant differences were found in the interaction effect of
VT protocols and the days of exposure for MAV in FCU
(P=0.016), ECRB (P=0.001), and ECU (P<0.001) in the
SL group; the same was observed in FDS (P=0.004) in

Mranian [ehabilitation Mournal

Figure 6. Median frequency values for the CW group in all muscles with respect to VT protocols
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Figure 7. Variance of EMG signal values for the SL group in all muscles with respect to VT protocols

the CW group. Figures 11 and 12 illustrate an increas-
ing pattern in MAV values on day 4 after VT and day 5
post be, compared to day 1 after BVE in most muscles
and VT protocols in both research groups. The highest
increase in MAV was reported in FCU muscles for VT
protocol C in the SL group and VT protocol F for the
CW group. Additionally, Pearson correlation coefficient
(Table 4) on grip endurance time and MAV was found

March 2021, Volume 19, Number 1
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significant in FDS (r=0.119, P=0.012), FCU (r=0.182,
P<0.001), and ECU (r=0.149, P=0.002) in the SL group.

4. Discussion
The maximum EMG amplitude represents the activity

of the maximum number of detectable motor units that
fire at their maximum speed, i.e., usually measured in

[ranian Fehabilitation Mournal

Figure 8. Variance of EMG signal values for the CW group in all muscles with respect to VT protocols
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Figure 9. Waveform length value for the SL group in all muscles with respect to VT protocols

short-term MVC. In line with the current results, several
studies reported a significant increase in EMG activity
after VT [2-5, 7]. However, few studies suggested no
such significant effects [6, 8]. Failure to generate peak
EMG amplitudes corresponding to the maximum values
may be due to the reduced recruitment of motor units in-
duced by central or peripheral fatigue [28]. An elevation
was observed in EMG rms in all muscles after VT during
grip endurance task at 50% MVC in this study. Such data
might be attributed to the replacement of fresh motor
units used to compensate for the reduced performance

Figure 10. Waveform length value for the CW group in all muscles with respect to VT protocols

Iranian [Ziehabilitation Blournal
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of motor units in fatigued muscles [15, 29]. Therefore,
an increase in the EMG parameter value after a grip
endurance task reveals an enhancement in EMG signal
amplitude; it is indicative of muscle fiber fatigue. How-
ever, the highest correlation was found between grip en-
durance time and EMG rms (1=0.401, P<0.001) in ECU
muscle in the SL group. In contrast, ECRB muscle was
reported to exhibit a higher fatigue response than FDS
and FCU muscles [15].

Mranian [ehabilitation Mournal
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Figure 11. Mean absolute value for the SL group in all muscles with respect to VT protocols

Moreover, the current study results manifested that
the highest fatigue was recorded in FCU muscle based
on the elevation in EMG amplitude for VT protocol
E corresponding to the CW group (MeantSD age:
21.943.8 years). Furthermore, the SL group reported
maximum Flexor Fatigue Ulnaris (FCU) for VT proto-
col C (Mean£SD age: 30.6+1.9 years). Interestingly, in
an in-house study [21], grip strength was highest for VT

Figure 12. Mean absolute value for the CW group in all muscles with respect to VT protocols

March 2021, Volume 19, Number 1
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protocol E in the CW group (Mean+SD age: >21.94+3.8
years) participants; older participants in the CW group
(39.7£14.1 years) had a longer endurance (VT protocol
B), compared to the younger age group (VT protocol E).
Similarly, Hunter et al. [30] found higher grip endurance
for older participants than the younger subjects.

Furthermore, Mogk et al. [27] concluded that muscle
activation was primarily dependent on forearm posture;

[ranian Fehabilitation Mournal
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with supination flexor activation being the strongest and
greater extensor muscle activation in pronation. The ob-
tained data also signified maximal muscle activation in
FCU in both study groups after VT. Contrarily, Loren et
al. [31] reported that ECRB muscle activity was greater
than that of ECU in supination position. Thus, per Mogk
et al. [27], the collected results reflected that flexor acti-
vation is greater than extensor activation in supination.
In other words, the combination of high frequency-low
amplitude and low frequency-high amplitude elicited the
greater activation of EMG activity with a shorter dura-
tion of exposure.

Griffin et al. [13] documented an increase in the firing
rate of triceps brachii muscle during prolonged contrac-
tions after exposure to vibration. Similarly, current re-
sults indicated that all VT protocols in both study groups
significantly increased MDF patterns in most muscles.
In contrast, Tanaka et al. [32] reported a significant de-
crease in MDF over time, without significant differences
in MDF and EMGrms values before and after massage.
Another study reported that the new spectral index is bet-
ter than MDF under dynamic conditions. This is because
MDF is a reliable and valid parameter in static condi-
tions for evaluating fatigue [33]. Thus, MDF is frequent-
ly used as a gold standard tool to detect target muscle fa-
tigue using EMG signals; however, the impact of muscle
strength on MDF remains inconclusive [34]. However,
the present research results suggested a poor correlation
between grip endurance time and MDF in all muscles of
both study groups.

The representation of the variance of the rectified sig-
nal is more complex. This is because it includes all the
terms present in the EMG rms and integrated EMG pa-
rameters. Furthermore, an increase in MAV indicates an
elevation in the amplitude of the EMG signal; according-
ly, it increases the level of muscle fiber fatigue [15]. Sim-
ilarly, the obtained data revealed an increase in MAV and
WL, indicating an enhanced amplitude of EMG signal,
leading to elevated levels of muscle fiber fatigue. Simi-
larly, Viitasalo and Komi [35] analyzed the sSEMG signal
of rectus femoris muscle during static contractions; sub-
sequently, they reported an increase in the MAV of EMG
signal induced by fatigue. We also observed that most
muscle and VT protocols in both study groups adopted
an increasing trend in VAR, MAV, and WL values on day
4 of VT, compared to day 1 post BVE; thus, there was an
increase in the value of the EMG parameter after a grip
endurance task. Accordingly, there existed an increase in
the amplitude of EMG signal indicates muscle fiber fa-
tigue. Moreover, the current research findings indicated
that short-term exposure in the same posture during the
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VT protocol limits muscle relaxation and may primarily
contribute to fatigue.

Only the short-term (4 day) effects of VT were stud-
ied in this investigation. During the VT, the low-level
discomfort was ignored. This may have hindered en-
hancement in muscle performance. Therefore, further
examinations are required to more precisely describe
the following factors: the optimal frequency; exposure
duration; amplitude parameters; and the number of days
for training. Besides, further EMG features may be ex-
tracted to assess the fatigue patterns of the muscle fibers.

5. Conclusion

The current research results indicated an increase in
EMG signal amplitude and spectral parameter values;
such data can be used to detect fatigability in both groups
during an endurance task. Therefore, surface EMG sig-
nals can be used as indirect indicators of performance
fatigability.
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