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ABSTRACT Muscle fatigue is a condition that occurs after a strong and prolonged
muscle contraction, in which the muscle is no longer able to contract for a certain period
of time. This fatigue can also result from overexertion but abnormal fatigue can also be
caused by restriction or interference with different stages of muscle contraction. The
purpose of this study was to analyze the use of TENS in muscle fatigue by monitoring
EMG signals so that differences in muscle conditions can be monitored directly. TENS
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can aid the healing process by returning damaged muscle tissue to a normal state, which KEYWORDS
will result in pain reduction and consequently the prevention of muscle fatigue and other TENS, EMG,
improved outcomes. The design of this tool consists of a voltage rectifier circuit, an  Muyscle Fatigue,
intensity regulator, the intensity selection, and the SSR module. The data from the Mjcrocontroller,

measurement results that have been taken has the maximum average error value of 0.12%
for Frequency in Continuous Mode, for Frequency in Burst Mode it has the maximum
average error value is 0.251%, while for Current has the maximum average error value of
10.1%. Based on the results of testing on patients, the results of the questionnaire test
showed that there was a decrease in the level of fatigue between the test with the TENS
method and the rest method, so it can be seen that the effect of using TENS can restore the
performance of muscles experiencing muscle fatigue. The results of this tool can be used
to monitor the results of therapy in muscle fatigue.

Arduino Uno

I. INTRODUCTION nerves in humans [8]. TENS works by sending an electric

Muscle fatigue is a decrease in the ability of the muscles to
generate a force [1]. Muscle fatigue refers to a process that
approximates the true physiological definition of a reduced
response to the same stimulation. The mechanisms that play
arole in explaining fatigue have been generally classified as
product accumulation and substrate depletion. Muscle
fatigue in general can be assessed based on the percentage
decrease in muscle strength, recovery time from muscle
fatigue, and the time it takes for fatigue to occur [2]. Muscle
fatigue triggers a decrease in the sensory ability of the skin
[3], accumulation of metabolites in muscle fibers, and
inadequate motor command in the motor cortex [4].
Musculoskeletal disorders alter muscle tone and body
rigidity [5], and abnormal muscle shape can cause muscle
damage [6][7]. TENS (Transcutancous Electrical Nerve
Stimulation) is a tool to stimulate the blood flow and muscle

current to the muscles that need therapy, causing the muscles
to exercise passively [9]. TENS can aid the healing process
by returning damaged muscle tissue to a normal state, which
will result in pain reduction and consequently the prevention
of muscle fatigue and other improved outcomes [10].

In several previous studies, TENS was created using
triangular, monophasic, and asymmetrical biphasic waves.
And the frequency used is from 10 Hz to 200 Hz. Y.
Setiawan designed TENS with a triangular and square wave
output, and has a maximum frequency of 70 Hz [8]. L.
Mahmunim designed TENS with square wave, triangular,
and asymmetrical biphasic output, and has a frequency of 80
Hz, 150 Hz, and 200 Hz [9]. Risalia designed TENS with
asymmetrical biphasic wave output and has a frequency of
50 Hz, 100 Hz, and 200 Hz [11]. Therapeutic methods in
several conditions of muscle fatigue have been carried out by
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several researchers, both by taking rest, massage on fatigued
muscles, giving coffee, heat therapy, and Electrical Stimulus
[2][7][10][12][13][14][15][16][17][18][19][20]. EMG is a
technique for measuring the electrical activity of muscles.
EMG signals are used to evaluate fatigue by monitoring
changes. activity Electrical signals generated by muscle
fibers such as muscle weakness, numbness, certain types of
pain, cramps, muscle disorders such as polymyositis or
biomechanical movement of living beings. and can be used
to determine the level of muscle weakness and strength for
recovery purposes [12][21][22][23]. Monitoring the signal of
muscles experiencing muscle fatigue can be done in 2 ways,
namely, by comparing the EMG data before and after the
occurrence of muscle fatigue, or by taking EMG data from
before the occurrence of muscle fatigue to after the
occurrence of muscle fatigue [1][23][24][25].

Based on the results of the problem identification, the
authors intend to analyze the use of TENS in muscle fatigue
with EMG signal monitoring (TENS parameters), the
purpose of this study is to see the difference in muscle
condition directly, so that the effectiveness of using TENS
therapy on muscle fatigue can be known. The use of this
design is more effective because it has advantages in terms
of data collection on respondents, because by combining
TENS and EMG the results of TENS therapy on muscle
fatigue can be done directly using EMG so that the effect of
using TENS therapy on muscle fatigue can be known.

II. MATERIALS AND METHODS

A. Experimental Setup

The experiment was conducted on 6 patients in the age
category of 18 - 23 years in the Department of
Electromedical Engineering Poltekkes Kemenkes Surabaya.
Data collection was done by taking a questionnaire on the
fatigue that was being experienced after doing TENS
therapy.

Taiwan) measuring instrument to calibrate the TENS output.
Arduino Uno as a Microcontroller on the device. Solid State
Relay (Omron, G3MB, China) was used as the driver for
frequency generation, pulse shape, and therapy mode. For
setting the current intensity using a resistor as a voltage
division circuit. And This study is used a disposable
electrodes ECG (OneMed, Jayamas Medical Industri,
Indonesia).

2) EXPERIMENT

In this study, after the design of the device was
completed, the current and frequency output of TENS were
measured with a current setting of 10mA to 100mA with a
range of 10mA and a frequency setting of 10 to 100 Hz with
a range of 10 Hz. Measurements were carried out 10 times
for each parameter using a Scope Meter and Oscilloscope.
Each setting, the output of TENS was calculated to validate
the results of this study. To see muscle fatigue, a
questionnaire data was collected on the fatigue being
experienced after doing TENS therapy.

B. The Diagram Block

As shown in Figure. 1, after the tool is turned on, then
setting the frequency, current, and mode (Continuous or
Burst), and therapy time. If everything is set, the
microcontroller will issue commands to the driver and
transformer circuit blocks. The driver and transformer circuit
functions as a frequency generator, pulse shape, and therapy
mode.

C. The Flowchart

The microcontroller program is built based on the
flowchart as shown in Figure. 2. When the device is turned
on, the LCD initialization process occurs. After the
initialization process is complete, an option will appear to
select the frequency to use.
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and Therapy
Mode Selection
Settings

______ Ir___W___1

Circuit
[T
regulator

|
'J_, Electrode gt
|

microcontroller

character

patient ggg Electrode

description :TENS
EMG

|
|
|
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| |
| |
|
|

1) MATERIALS AND TOOL
This study used a Scope Meter (Fluke Biomedical,
190M-4, USA) and Oscilloscope (GW Instek, GDS-3252,
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Figure 1. The Diagram Block of TENS

After selecting the frequency, an option will appear to choose
the intensity of the current used. Then select the therapy
mode used (Contiuous or Burst). And the last one is choosing
the time setting for how long the tool will be used. When the
therapy time ends, the output stops and a finished display
appears on the LCD to indicate that the time is over.

LCD
INITIALIZATION

FREQUENCY
SETTING

Nanie
THERAPY MODE

TIMING

DISPLAY LCD
TIME, FREQUENCY, AND
THERAPY MODES

CURRENT
SETTING

END TIME

Figure 2. The Flowchart of TENS

III. RESULT

In this study, the TENS module was tested with a
Oscilloscope and Scope Meter. The test results show the
output parameters are appropriate and within the allowable
tolerance range.

A. The TENS Design

The results of the TENS design made have an
Alternating Biphasic pulse output with 10 frequency
settings, namely 10-100 Hz with a range of 10 Hz, and 10
intensity selections, namely 10-100 mA with a range of 10
Hz, and has 2 therapeutic modes, namely continuous mode

and burst mode. The results of the TENS design are shown
in Figure. 3.

<

&

vREAIO

ANALISA PENGGUNAAN TENS
PADA KELELAHAN OTOT DENGAN

MONITORING SINYAL EMG

Figure 3. The Design of TENS

1)  THE VOLTAGE RECTIFIER

The voltage rectifier circuit is shown in Figure. 4. is
as a full-wave rectifier output from the transformer. The
main component of this circuit is a diode as an electric
current rectifier capable of converting alternating electric
current (AC) into direct electric current (DC). The output of
the transformer which is alternating current will be converted
into direct current, then the diode output will enter the
capacitor as a filter to remove annoying noise.

D1
g m -
~T~ Ci1
D2 CAP 2 J4
J1 ” short

]

2
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IN TRAFO [ 1 ouT
~T~ C2
D4 [—L
H CAP —

Figure 4. The voltage rectifier circuit

2)  THE INTENSITY CONTROL

The intensity control circuit is shown in Figure. 5.
serves as a current distribution, which is a dose setting for
the intensity of the incoming current to the patient.
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RY 2 desired TENS output according to user settings. The SSR
NG g | module is divided into types, namely Low level trigger, in
BN this type the SSR module will work when the input is given
R a logic 0 and High Level Trigger, in this type the SSR
s R4 module will work when the input is given a logic 1. The
é s module input is the output from the Arduino PWM pin.
ra— A
———
R9
A
R10
L

Figure 5. The intensity control circuit

3)  THE INTENSITY SELECTION

The intensity selection circuit is shown in Figure. 6.
get input from the intensity control circuit. The output of the
intensity control circuit will enter the NO leg on the relay, B. The Listing Program for Arduino TENS
then as an election a rotary switch is used which is connected The listing program for Arduino was shown in the
to the coil leg on the relay, when the rotary switch is Pseudocode 1. This program functions to select each TENS
connected to one of the existing relay coils, the current will parameter, namely Frequency, Time, and Therapy Mode.

come out according to the available selection. The selection Which will then be displayed on the LCD Character display.
of current intensity is adjusted to the patient's comfort and

Figure 7. The intensity control circuit

endurance. Pseudocode: 1. Program for Arduino TENS
et void timer() {
e IF (menit >= 0) {
% Ty ] waktul = millis();
7 nx = IF (waktul - waktu2 >= 1000) {
i detik--;
' = — waktu2 = millis();
sl )
14 GND Dz]E Lo " IF (detlk < 0) {
s | 't__.
I o |y menit—:
— e 2 IF (menit >=0) {
’"'°{._;—|—L§L detik = 60;
ns]: Ls4 l§ } .
IF (menit < 0) {
e TE— detik=0;
ol | menit=0;
ot - frequency1=0;
frequency2=0;
— i, | burst=0;
“@f_“ normal=0;
d_f" -~ burst==0;
5 3 normal==0;
3
Figure 6. The intensity control circuit } }
void updateMenu() {
4)  THE SSR MODULE (SOLID STATE RELAY) // led.clear();
The SSR module shown in Figure. 7. serves as a led.setCursor(0, 0);
driver to adjust the frequency, pulse shape, and mode of the
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led.print("MODE TENS:");
lcd.setCursor(0, 1);
led.print("T:");
lcd.setCursor(9, 1);
led.print("F:");
}
void action1() {
switch (menul) {
case 0:
menul = 1;
break;
case 1:
led.setCursor(10, 0);
break;
case 2:
lcd.setCursor(10, 0);
led.print("BURST ");

H
}

void action2() {
switch (menu2) {

case 0:
menu2 = 1;
break;

case 1:
lIed.setCursor(11, 1);
led.print("0 Hz");
frequencyl = 0;
frequency?2 = 0;
break;

case 2:
led.setCursor(11, 1);
led.print("10 Hz");
frequencyl = 10;
frequency?2 = 10;
break;

case 3:
Ied.setCursor(11, 1);
led.print("20 Hz");
frequencyl = 20;
frequency?2 = 20;
break;

case 4:
led.setCursor(11, 1);
led.print("30 Hz");
frequencyl = 30;
frequency?2 = 30;
break;

case 5:
led.setCursor(11, 1);
led.print("40 Hz");
frequencyl = 40;
frequency?2 = 40;
break;

case 6:
led.setCursor(11, 1);
led.print("50 Hz");
frequencyl = 50;
frequency?2 = 50;
break;

case 7:
led.setCursor(11, 1);
led.print("60 Hz");
frequencyl = 60;
frequency?2 = 60;
break;

case 8:
lcd.setCursor(11, 1);
led.print("70 Hz");
frequencyl = 70;
frequency?2 = 70;
break;

case 9:
led.setCursor(11, 1);
led.print("80 Hz");
frequency1 = 80;
frequency?2 = 80;
break;

case 10:
led.setCursor(11, 1);
led.print("90 Hz");
frequencyl = 90;
frequency?2 = 90;
break;

case 11:
led.setCursor(11, 1);
led.print("100Hz");
frequencyl = 100;
frequency?2 = 100;
break;

1
void action3() {
switch (menu3) {

case 0:
menu3 = 1;
break;

case 1:
lcd.setCursor(2, 1);
led.print("00:00");
menit = 0;
break;

case 2:
lcd.setCursor(2, 1);
led.print("10:00");
menit=9;
break;

case 3:
lIed.setCursor(2, 1);
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led.print("20:00");
menit = 19;
break;
case 4:
lcd.setCursor(2, 1);
led.print("30:00™);
menit = 29;
break;
case 5:
lIed.setCursor(2, 1);
led.print("'40:00");
menit = 39;
break;
case 6:
lcd.setCursor(2, 1);
led.print("50:00");
menit = 49,
break;
case 7:
led.setCursor(2, 1);
led.print("60:00™);
menit = 59;
break;
3
void action4() {
switch (menu4) {
case 0:
menu2 = 1;
break;
case 1:
led.setCursor(11, 0);
led.print(" ");
break;
case 2:
led.setCursor(10, 0);
led.print("NORMAL");
break;
}
void tombol() {
IF (start ==0) {
IF (!digitalRead(selectButton) == 1) {
start = 1;
}
IF (start == 0) {
}
IF (!digitalRead(frekButton) == 1) {
menu2+-+;
IF (menu2 > 11) {
menu2 = 0;
}
action2();
delay(500);
WHILE (!digitalRead(frekButton) == 1);

}

IF (!digitalRead(timButton) == 1) {

menu3+-+;

IF (menu3 > 7) {

menu3 = 0;

}

action3();

delay(500);

WHILE (!digitalRead(timButton) == 1);
}

IF (!digitalRead(burstbutton) == 1) {

menul-++;

IF (burst ==0) {
i

IF (menul > 2) {

menul = 0;

§

action1();

delay(500);

burst=1;

normal=0;

WHILE (!digitalRead(burstbutton) == 1);

IF (!digitalRead(normalbutton) == 1) {
menu4++;
IF (normal == 0) {
H
IF (menu4 > 2) {
menu4 = 0;
H
action4();
delay(500);
normal=1;
burst=0;
WHILE (!digitalRead(normalbutton) == 1);
i

IF (start == 1){

tampil();
IF (!digitalRead(timButton) == 1) {
menul++;
IF (menul > 3) {
menul = 0;
§
actionl();
delay(500);
/" menul=max(menul,l);
WHILE (!digitalRead(timButton) == 1);
}
IF (!digitalRead(frekButton) == 1) {
menu2++;
IF (menu2 > 11) {
menu2 = 0;
}

action2();
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delay(500);

}

menu3+-+;

IF (menu3 > 7) {
menu3 = 0;

}

action3();

delay(500);

1
void tampil() {
IF (start==1) {
timer();

IF (menit < 10) {
led.setCursor(2, 1);
led.print("0");
led.setCursor(3, 1);
led.print(menit);
led.setCursor(4, 1);
led.print(":");

IF (detik < 10) {
Icd.setCursor(4, 1);
led.print(":");
led.setCursor(5, 1);
led.print("0");
lcd.setCursor(6, 1);
led.print(detik);

j

IF (menit >= 10) {
lcd.setCursor(2, 1);
led.print(menit);
lcd.setCursor(4, 1);
led.print(":");

IF (detik >= 10) {
led.setCursor(4, 1);
led.print(":");
lcd.setCursor(5, 1);
led.print(detik);

§

frequency1=0;
frequency2=0;

detik = 0;
menit = 0;
burst=0;
normal=0;
start==0;
normal==0;
burst==0;

}

IF (!digitalRead(timButton) ==

WHILE (!digitalRead(frekButton) == 1);

D1

WHILE (!digitalRead(timButton) == 1);

IF ((detik < 0)&&(menit < 0)) {

IF(burst==0){

mod3();
j
IF(normal==0){
mod3();
H
IF(burst==1){
mod2();

normal==0;}
IF(normal==1){

mod1();
burst==0;}
3

void mod1() {
pwmWrite(led1, 230);
pwmWrite(led2, 25);

}

void mod2() {
pwmWrite(led2, 25);
pwmWrite(led1, 255);
delay(300);
pwmWrite(led2, 0);
pwmWrite(ledl1, 255);
delay(200);
pwmWrite(led2, 0);
pwmWrite(led1, 230);
delay(300);
pwmWrite(led2, 0);
pwmWrite(ledl1, 255);
delay(200);

void mod3() {
pwmWrite(led1, 255);
pwmWrite(led2, 0);

H
void loop() {
bool success2 = SetPinFrequencySafe(led2, frequency?);
bool success1 = SetPinFrequencySafe(ledl1, frequencyl);
updateMenu();
tombol();
tampil();
H

C. TENS Output Measurement
Before the TENS design was tested on humans, the
module was calibrated using an Oscilloscope and Scope
Meter. Figure. 8 show the TENS signal from Oscilloscope.
Figure. 9. Show the TENS signal from Scope Meter.

Corresponding author: Triana Rahmawati, triana@poltekkesdepkes-sby.ac.id Department of Medical Electronics Technology, Poltekkes

Kemenkes Surabaya, JI. Pucang Jajar Timur No.
Digital Object Identifie (DOI): https://doi.org/10.35882/ame.v1i1.1

10, 60282, Surabaya, Indonesia (change this part according to yours).

Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work
is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

15


http://ame.medical-electronics.org/
mailto:triana@poltekkesdepkes-sby.ac.id
https://doi.org/10.35882/ame.v1i1.1
https://creativecommons.org/licenses/by-sa/4.0/

Applied Medical Engineering e-ISSN: 1234-5678
Homepage: ame.medical-electronics.org; Vol. 1, No. 1, pp. 9-19, March 2025

GINSTEK A 30 0,010 += 20
40 0,002 + 20
50 0,002 + 20
% 60 0,012 + 20
&
5 70 0,001 = 20
>
80 0,008 + 20
90 0,009 + 20
T T e gy O ] 100 0,005 + 20
Time (s)
Figure 8. TENS Signal from Oscilloscope (10 Hz)
Table . MEASUREMENT OF ERROR VALUE AT FREQUENCY IN
BURST MODE
: ALY ‘ S‘e;:ltll;leg Error Tolerance
0, ()
P OB OO
— 10 0,010 =+ 20
z
& 20 0,045 + 20
S 30 0023 + 20
40 0,015 =+ 20
READ Illt:":liixfi READING S0 0,058 + 20
OFF
60 0,022 £+ 20
Time (s)
Figure 9. TENS Signal from Scope Meter (10 Hz 70 0,251 * 20
80 0,014 =+ 20
1) MEASUREMENT OF ERROR VALUE 90 0,137 £+ 20

In this study, the TENS design was tested 5 times on each

parameter using Oscilloscope and Scope Meter. 100 0,021 & 20

Tablel. MEASUREMENT OF ERROR VALUE AT FREQUENCY IN Table lll. MEASUREMENT OF ERROR VALUE AT CURRENT
CONTINUOUS MODE
. Setting
S\?;tlllilf Error Tolerance Value E(’;;jr Tol((:)z)a)nce
[1} (1)
(Hz) (%) (%) (mA)

+
10 0 L 20 10 7,20 20

+
20 0,010 + 20 20 L75 20
30 10,10 + 20
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40 333 £ 20
50 544 £ 20
60 333 £ 20
70 137 + 20
80 334+ 20
90 0,86 + 20
100 0,87 + 20

In Table I, it can be seen that the minimum error
value is 0% and the maximum error value is 0.012% for
Frequency in Continuous Mode, in Table II. it can be seen
that the frequency value in Burst Mode has a minimum error
value 0f 0.01% and a maximum error value of 0.251%, while
in Table III. it can be seen that the current value has a
minimum error value of 0.86% and a maximum error value
of 10.1%.

D. Test Results on Patients

The test is carried out by testing the performance of
the tool which is assessed by the respondents in the form of
a questionnaire. The test was conducted on 6 respondents,
with 2 therapeutic methods, the TENS method and the rest
method. Data collection was carried out 5 times for each
respondent. The questionnaire used is a questionnaire with a
numerical scale that uses an 11 point scale where 0 means
there is no feeling of fatigue, 1 is mild fatigue, 10 is severe
fatigue.

1) REST METHOD
This method is is carried out by resting for 10 minutes
after exercising. The following are the results with testing by
respondents.

Table IV. MEASUREMENT OF ERROR VALUE AT CURRENT

No. Mean
(fatigue scale)
P1 2,6
P2 3,0
P3 2,2
P4 3,6
P5 2,2
P6 2,8

Total 2,7

Table IV. shows the results of testing the rest method
using a questionnaire, data collection was carried out 5 times
on the respondents. From the data above, it can be seen that
the smallest average value is 2.2 and the largest average
value is 3.6. From the test results obtained, it can be seen that
the total average for all respondents is 2.7 which indicates a
mild fatigue scale.

2) TENS METHOD
This method is carried out with TENS for 10 minutes
after exercising. The following are the results with testing by
respondents.

Table V. TEST RESULTS ON THE TENS METHOD

No. Mean
(fatigue scale)

P1 2,4

P2 2,4

P3 2,2

P4 2,6

PS 1,4

P6 2,6
Total 2,3

Table V. shows the results of testing the rest method
using a questionnaire, data collection was carried out 5 times
on the respondents. From the data above, it can be seen that
the smallest average value is 1.4 and the largest average
value is 2.6. From the test results obtained, it can be seen that
the total average for all respondents is 2.3 which indicates a
mild fatigue scale.

IV. DISCUSSION

Based on the measurement results, the output shows
that the TENS module made has results that are still within
the permissible tolerance range. The data taken has a
minimum error value of 0% and a maximum error value of
0.012% for Frequency in Continuous Mode, for Frequency
in Burst Mode it has a minimum error value of 0.01% and a
maximum error value of 0.251%, while for current has a
minimum error value of 0.86% and the maximum error value
of 10.1%.
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ATTACHMENT

e Schematic + Board Circuit :
https://drive.google.com/drive/u/0/folders/1c4QnKHtIB
dgVRo-gvspo-ph9h-oC--gB

e Listing Program :
https://drive.google.com/drive/u/0/folders/1kwwp3 GKc¢
1ZuleMUs2f7¢YCZleyG gDSH
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