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Abstract- Acupuncture is a centuries-old
therapeutic technique. However, because of the
large number of complicating circumstances, it
has been difficult to clearly prove the treatment’s
therapeutic effectiveness.As a result, acupunc-
ture has failed to acquire acceptance in the main-
stream clinical sector. An electromyography
(EMG) sensor was built and used to test the effi-
cacy of acupuncture in alleviating muscular stiff-
ness in this study. Electrodes, differential and
inverting amplifiers, filters, and a full-wave rec-
tifier made up the EMG circuit. The output
of the circuit was sent to a microcontroller for
analog-to-digital transformation in order to per-
form data acquisition. Acupuncture was used to
treat four participants who had muscular dys-
function in various regions of their bodies in our
case study. Before and after the therapy, EMG
signals at the damaged regions were recorded.
The findings revealed that the therapy had no
immediate conceivable impact on the patients,
since the levels of muscular contraction before
and after the treatment were comparable. When
the EMG signals were measured 30 minutes after
the therapy, signs of muscular alleviation were
found. This shows that acupuncture does sup-
ply patients with beneficial medicine, although
slowly. The act of placing the highly conducting
needles into the acupuncture sites, we believe,
is similar to connecting a parallel wire to a cir-
cuit, resulting in a short-circuited route at the
meridian. It permits the meridian’s polarized in-
ner energy, or gi, to pass through. The equilib-
rium in qi regulation can therefore be restored
by unclogging the flow of qi.The repair process
is relatively slow, and the treatment impact may
not be immediately apparent, because the consti-
tutive qualities at the acupuncture points where
the needles are pricked may not alter quickly.
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I. INTRODUCTION

CUPUNCTURE is an ancient therapeutic modal-
A. ity which has been practiced in China since
thousands of years ago. According to traditional
Chinese medicine (TCM), a form of interior bod-
ily energy, which has been vaguely interpreted as
qi in the literature, is generated in the internal
organs and systems [1-3]. The qi is carried by
the breath or air and circulates throughout the en-
tire body, forming intricate interwoven paths known
as the meridian system or ching-lo [1]. Physically,
the meridians are perceived to be made up of
groups of orderly arranged electrically polarized wa-
ter molecules, which form water clusters with per-
manent electric dipole moment [2]. Acupuncture
treatment is merely one of the possible therapies
which manipulate the qi as it circulates the merid-
ians to achieve curative effects [1]. The other ex-
amples which are based on this method are the
cupping and moxibustion therapies, and the tai-chi
and qi-gong exercises [4].

Despite its popular practice over millennia, the
acupuncture treatment fails to gain worldwide accep-
tance within the mainstream orthodox clinical feld
[2]. Due to the plethora of confounding factors en-
shrouding this treatment, researchers have found it
extremely difficult to definitively and convincingly
verify the curative efficacy of the treatment [5]. In
other words, a tangible and descriptive demonstra-
ble mechanism is yet to be formulated to prove
its scientific reality [1]. In fact, many believe that
acupuncture may, at best, merely introduce psycho-
genetic effect to the patients. In [6], Tough exam-
ined the immediate effects of acupuncture on the
electromyography (EMG) activity of the common
wrist extensor muscles. Three experiments were car-
ried out on 35 subjects — namely, genuine acupunc-
ture, inappropriate acupuncture, and a no condition
control. At the end of the study, he drew the con-
clusion that the acupuncture interventions did not
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register any meaningful change on the EMG activity.
Farida et al. [7], on the other hand, showed that
the therapy produced positive results. The authors
examined the effect of acupuncture on the EMG ac-
tivity from the bicep muscles. In the case study,
two groups, with four subjects in each group, re-
ceived stimulation from 5 kg load. The subjects in
the first group were administered acupuncture while
those in the second were not. The authors concluded
that acupuncture therapy was capable of improving
human stamina, particularly, on muscle exercises. Al-
though both [6,7] attempted to correlate the effect
of acupuncture with the EMG activity, it is appar-
ent that their outcomes are in stark contrast. The
actual curative efficacy of acupuncture therefore re-
mains uncertain.

In order to probe further the efficacy of acupunc-
ture therapy in treating muscle spasticity and flac-
cidity, we conducted an in-depth case study based
on patients suffering from muscle impairment at dif-
ferent parts of the body. An EMG sensor was con-
structed from off-the-shelf components, and it was
implemented to measure contraction of muscles be-
fore and after the treatment. In this paper, the
process of constructing the EMG circuit is first de-
scribed in detail. This is then followed by the de-
scription of the case study. Analysis on the results
and hypothesis on the underlying operational princi-
pal of acupuncture are discussed at the later sec-
tions of the paper.

II. ELECTROMYOGRAPHY SENSOR

Electromyography (EMG) sensors are used to de-
tect and examine the electrical signals generated by
the movement of muscles or stimulation of nerve to
the muscles. The electrical signal detected by the
sensor during the neuromuscular activities is known
as the electromyographic (EMG) signal. The contrac-
tion and relaxation of muscles are stimulated by im-
pulses in the neurons to the muscle. The EMG sig-
nal can therefore be expressed in terms of a train
of Motor Action Unit Potentials (MUAPs) which
shows the muscle response to neural stimulation [8].
Mathematically, the EMG signal can be written as

8]. o
z(n) = Z h(r) e(n —r) +w(n) (1)
r=0

where x(n) is the modeled EMG signal, e(n) the
point processed which represents the fring impulse,
h(r) the MUAPs, w(n) the zero mean additive
white Gaussian noise, and N denotes the number
of motor unit fringes. The electrodes of an EMG
sensor can be used to detect the ionic flow across
the muscle membranes that propagate through the
tissues in order to generate the EMG signal [9].
Hence, the sensor can be used to measure the
anatomical and physiological status of the mus-
cles. Traditionally, EMG signals are used in biomed-
ical science for identifying neuromuscular disorders.
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Nowadays, however, the applications of EMG signals
have been expanded into the realm of biomedical
engineering — it is also used for constructing EMG-
based prosthetic, robotic and other useful systems.
According to [8], the quality of the signal detected
by the EMG sensor is highly affected by two fac-
tors — the first is the signal-to-noise ratio (SNR),
whereas the second is the distortion of the sig-
nal. The SNR is used to measure the magnitude
of the EMG signals in comparison to the that of
the noise. When detecting the EMG signal, electri-
cal noise is very often coupled along. The electrical
noise includes the inherent noise in electronic equip-
ment, ambient noise, motion artefact, and the in-
herent instability of the EMG signal [8]. The EMG
signal is picked up by electrodes. It then undergoes
a series of amplifications, filtering, and rectification.
At each process step, the signal may lose energy
at different rates. Hence, beside noise contamination,
the signal may also face the risk of being distorted.
To put it simply, the following conditions have to
be observed in order to optimize the detection of
the EMG signal:

e The magnitude of the EMG signal itself has
to be optimal, while noise contamination has
to be suppressed. This is to say, the higher is
the SNR value, the better is the EMG signal
detection.

) Signal distortion is to be minimized. Since
EMG signal can be decomposed into a series of
frequency-dependent components, the signal ex-
periences distortion when each component atten-
uates differently. It is therefore important to en-
sure that the wave amplitudes of all frequency
components sustain uniform losses. This is to
say, the loss should be frequency-independent
(or at least, close to independent), if not com-
pletely eliminated.

A. MATERIALS AND COMPONENTS

The EMG sensor used in our case study is
based on the design in [10]. The components
involved in the construction of the EMG circuit
include three TLO72 integrated circuits (ICs), an
INA106 integrated circuit, three surface EMG
electrodes, two 9 V batteries, two 1uF tan-
talum capacitors, a 0.01 and a 1puF ceramic
capacitors, a 100 k Q trimmer potentiometer, two
1 N 4148 diodes and three 150k 2, two 1M Q,
two 80.6 k 2, six 10 k Q and one 1k € resistors. A
microcontroller is used to process the output signal,
so that it could be recorded for further analysis.
In this section, the functions of the important
components shall be briefly elaborated.

According to Jamal [11], the contraction of mus-
cle of human body can be detected by using dif-
ferent types of EMG electrodes. EMG electrodes
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can be either invasive or noninvasive. The invasive
types are intramuscular electrodes and can be fur-
ther divided into needle electrodes and fine wire
electrodes. The noninvasive types are surface elec-
trodes. In general, the invasive electrodes provide
higher accuracy and sensitivity. The signals detected
using the invasive electrodes are also more sta-
ble. However, since the process involved pricking
the electrodes into the skin, most volunteers were
against using them. Hence, we resort to the non-
invasive surface electrodes in our work here. The
surface EMG electrodes are electrodes applied onto
the surface of the skin. Hence, they do not impose
discomfort to the patients. In order to let the cur-
rent to flow through the surface EMG electrodes, a
chemical equilibrium between the sensing surface and
the skin of the body will be formed by electrolytic
conduction [11]. Surface electrodes are, nevertheless,
relatively sensitive to electrical noise. One has to
be extremely precautions when using the electrodes
for EMG detection.

The INA106 IC is a differential amplifier that con-
sists of a precision operational mplifier (op-amp)
and four on-chip metal film resistors, i.e., two
10 k © resistors bnnected to the input pins and an-
other two 100 k 2 resistors connected to the sense
nd reference pins. The internal configuration of the
chip is illustrated in Figure 1. NA106 produces
accurate gain and relatively high common-mode re-
jection ratio CMRR) of 86 dB which enables it to
reject the noise of input signal [12]. Hence, it em-
ployed at the first stage of the EMG circuit where
the electrodes are connected irectly to the inputs.
The TLO72 IC consists of a low noise junction
field effect transistor, JFET-input perational ampli-
fier. The pin layout of the chip is depicted in pa-
per Figure 2 As can be een from the figure, the
chip consists of four inputs and two outputs, which
means it

10ka 100kn .
-In .Z—W»— ——AAM—————0 Sense
: V+
$ Qutput
4 V-
+Ingd Reference
10ka 100 ko

Fig. 1: Pin layout of the INA106 IC.

is a two-channel op-amp. The TL072 op-amp
has the advantages of low power consumption, low
offset currents, low mnoise, high slew rate which
is 13 V / pus, and relatively low total harmonic
distortion which is 0.003 % [12] . These advantages
make it a suitable candidate for amplifying the
weak EMG signals.
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Fig. 2: Pin layout of the TL072 IC.

The microcontroller used for processing the EMG
signal is Arduino Uno. The Arduino microcontroller
is a free opensource platform widely used for devel-
oping and designing electronic based project. It is
compatible with most of the available electronic de-
vices in the market and is capable of transmitting
and receiving data to and from the devices. Ac-
cording to [13], an Arduino can receive data from
input devices such as sensors, antennas and poten-
tiometers and transmit the data to output devices
such as LEDs, speakers and motors. Therefore, Ar-
duino Uno is used here as an interface to display
the EMG signals at the computer. Figure 3 de-
picts the layout of the Arduino Uno board [14].
The Arduino Integrated Development Environment
(IDE) is used to write and upload programs to Ar-
duino Uno. As can be seen in Figure 4, the user
interface of Arduino IDE is separated into three sec-
tions, namely, the command, coding, and message
window areas. The command area comprises a list
of function options. Here, the ‘verify’, ‘upload’, ‘se-
rial monitor’, and ‘serial plotter’ functions are used
to program the microcontroller. The ‘verify’ and ‘up-
load’ functions are used to compile and upload the
code to the Arduino Uno board, while the ‘serial
monitor’ and ‘serial plotter’ functions are used to
display the output of the EMG signals. Program-
ming is written at the coding area. Since a sim-
plified version of the C++ language is wused for
programming, users with basic knowledge on C or
C++ programming language should be able to pick
up the skill with ease. There are two compulsory
routines for every coding — namely the setup ‘void
setup ()’ and loop ‘void loop ()’ routines. The setup
routine is to initialize the program once the reset
button on the Arduino Uno board is triggered. The
loop routine, on the other hand, is used to notify
the board to perform the task iteratively. The func-
tion of the message window area is to display
the compilation process. Warning or error messages
will be displayed in that area whenever the compiler
comes across inaccurate syntaxes.

B. EMG CIRCUIT

The block diagram of the EMG circuit is shown
in Figure 5. As shown in the figure, the EMG sig-
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Fig. 4: The Arduino IDE.

nal has to undergo six stages of processes within
the circuit. Firstly, the signal detected by the elec-
trodes have to be compared and amplified by
the differential op-amp. It has to subsequently go
through two stages of amplification and signal fal-
tering to optimize the SNR. The signal also has to
be rectified, so that only positive DC voltage is de-
livered at the final output. Detailed elucidation of
each stage is presented in this section.

As described at the early part of this section, EMG
signals are highly susceptible to noise. Since charg-
ing and discharging a capacitor will contribute con-
siderable electrical noise, power supplied from an IC
regulator or a DC-to-DC converter is not suitable to
be used as the source of the circuit. Instead, two 9
V dry cell batteries were used here. The schematic
in Figure 6 illustrates the connection of the batter-
ies to the EMG circuit.

Figure 7 depicts the circuit connection at the first
stage of the EMG circuit. As can be seen from the
figure, the electrodes are to be connected to the
input pins of the INA106 differential amplifier. The
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signal at the second electrode is subtracted with
that at the first electrode. This is to get rid of
the common signal at both input signals, so that
only clean signal is amplified at the output of the
op-amp. The common signal is the ambient noise
— the frequency of which resembles closely that of
the nerve impulse [12]. The output amplifier gain
Al can be computed based on (2) below:

R sense +R1

A=
R input

(2)
where R gense and R j,pu¢  are, respectively, the
100 and 10 k Q internal resistors in the INA106 IC,
and R; is the external 1 M ) resistor shown in Fig-
ure 7. By substituting the values of the resistors
into (7.2), gain A; is found to be 110 .

In the second stage, the signal goes through an
inverting amplifier so as to produce a 180° phase
shifted amplified output. The configuration of the
inverting amplifier is constructed using the TLO0O72
op-amp. As can be observed in Figure &, the in-
verting amplifier consists of a 150 k 2 Ry feedback
resistor and a 10 k Q R;, input resistor — both of
which are connected to the inverting pin. The out-
put signal at the first stage (i.e. the differential am-
plifier) is fed to the inverting pin. Gain As of the
inverting amplifier is 15 and can be found by sub-
stituting the values of the Ry and R;, into (7.3)

below: R
f

- 3
i ®)

The third stage of the EMG circuit constitutes a
high pass filter. The output of the amplified signal
in the second stage is connected to the capacitor in
Figure 9. The function of the high-pass filter is to
remove the noise created by motion artefact such as
the movement of joints. As can be seen from the
figure, two 150 k Q resistors and a 0.01 ¢ F capaci-
tor are used in the circuit. The purpose of introduc-
ing the capacitor at the input pin is to block DC
signal from propagating into the circuit [12]. The
cut off frequency f. of the filter can be calculated
using (7.4)

Ay =

1

fe= 5@ (4)
where R and C' are, respectively, the resistance and
capacitance connected to the inverting input. Since
noise created by motion artefact is typically below
10 Hz, the cut off frequency f. is set to be at
106 Hz. This is to say, only signals with frequen-
cies higher than 106 Hz are allowed to propagate
to the subsequent stage.

In the fourth stage, the filtered signal goes
through full wave rectification. As shown in Figure
10, the components involved in building the recti-
fier include four 10k Q resistors, two pn-junction
diodes, and two op-amps. The rectifier converts sig-
nals in the negative phase to the positive phase,
i.e., the AC input signal is changed to DC signal
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Fig. 5: Block diagram of the EMG sensor.
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Fig. 6: (a) The voltage supply circuit and (b) the
connection of the voltage supply to a breadboard.

at the output. In the fifth process step, the rectified
signal is fed to a low pass filter. The function of
the low-pass filter is to remove the effect of alias-
ing high frequency components [12]. The filter at
this stage is developed by connecting two passive
components - a 1 u F capacitor and an 80.6 k Q re-
sistor — at the feedback loop and another 80.6 k Q2
resistor to the inverting input. The schematic of the
low pass filter is illustrated in Figure 11.

At the final stage, the EMG signal is amplified
to a desirable detectable value. Most often than
not, the EMG signal generated by the contraction
of muscles is extremely weak. Hence, an amplifier
with high gain is necessary to increase the out-
put voltage to a reasonable magnitude. Here, the
TLO72 op-amp is again employed for this purpose.
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Fig. 7: (a) The circuit schematic of the INA106
differential amplifier and (b) its connection on a
virtual breadboard.

As can be seen in Figure 12, a 1k  resistor and
a 100 k @ trimmer potentiometer are connected to
the inverting input. The trimmer potentiometer is
used to vary gain As of the amplifier [12]. The
gain is in direct proportion with the resistance of
the potentiometer. Since the circuit configuration of
this amplifier is similar to that in the second stage,
gain Az can be computed by dividing the value of
the feedback resistor with the 1k  input resistor.

In a nutshell, the complete EMG circuit is con-
structed by combining the circuit networks from
the first stage to the final stage, i.e., from Figures
7.6 — 7.12. Figure 13 illustrates the schematic of
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Fig. 8: The circuit schematic of the inverting ampli-
fier.

the overall EMG circuit and its components’ con-
nections on a virtual breadboard.

C. SIGNAL AND DATA ACQUISITION

In order to analyze the efficacy of acupuncture,
the data measured before and after the treatment
is to be stored and analyzed. The Arduino Uno mi-
crocontroller acts like a circuit interface between the
EMG sensor and the display (which is a computer
in this case). The microcontroller records the EMG
signal in digital form and display them onto the
screen. Since Arduino Uno can only support analog
input signal ranging from 0 to 5V, care must be
taken to ensure that the output signal amplified at
the final stage of the EMG circuit is below 5V. To
perform data acquisition, the output signal from the
EMG sensor is to be connected to the analog in-
put pin of the Arduino Uno board and the ground
wires of both devices are to be connected together,
as shown in Figure 14.

The output of the Arduino Uno board is to be
connected to the USB port of a computer. Once
the hardware has been set up, the Arduino IDE is
launched, and the code for displaying the result of
the EMG signal is compiled and uploaded to the
Arduino Uno board. A snapshot of the code used in
this project is depicted in Figure 15(the complete
Arduino code is listed in the Appendix). In the
Arduino code, the analog input pin A 0 is used to
receive the output generated by the EMG sensor.

Analog-to-digital conversion (ADC) is then per-
formed so that the output value can be expressed
in digital form Vy. Arduino Uno is equipped with a
10 -bit analog to digital converter. This means that
a 0 and 5 V operating voltage return the value of
0 and 1023, respectively. In order to express the
digital value V; in terms of voltage Vi, V; which
accounts a fraction of the total 1023 is multiplied
by 5 V, ie.

71023

The voltage Vs is then compared with a thresh-
old wvalue, which is set at a value close to half of

x 5V (5)
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Fig. 9: (a) The circuit schematic of a high-pass
filter and (b) its connection to the differential and
inverting amplifers on a virtual breadboard.

its amplitude, i.e., 2 V. If the voltage value ex-
ceeds the threshold value, the on-board LED will be
switched on, and the ‘CONTRACT! message will
appear on the serial monitor tool of the Arduino
IDE. On the contrary, if value Vs is equal or lower
than the threshold value, the on-board LED will
be switched off and the ‘RELAX!" message will be
displayed. Once the code is uploaded to the board,
the complete system is in immaculate readiness.
Before starting the measurement process, it is essen-
tial to ensure that the surface electrodes are appro-
priately placed. Once the target muscle has been
identified, one surface electrode is to be adhered to
the middle part of the muscle, while another elec-
trode is to be adhered to the end of it. A third
surface electrode which serves as the reference is to
be adhered to the bony part which is in close prox-
imity to the target muscle. It is to be noted that,
the third reference electrode must be avoided from
adhering to any parts with muscles since this will
result in inaccuracy in the data acquiring process.
An example of how the electrodes are adhered
to measure the EMG signal from the bicep muscle
is shown in Figure 16. Figures 7.17 and 7.18 illus-
trate the display on the serial monitor and serial
plotter when the bicep muscle is fixed and released.
As can be seen from the figures, the serial moni-
tor is capable of displaying the status of the muscle
(i.e. either contracting or relaxing) and the voltage
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Fig. 10: (a) The circuit schematic of a full wave
rectifer and (b) its connection to the high pass filter
and amplifiers on a virtual breadboard.

value of the EMG signal. Apart from the display
on the serial monitor and serial plotter, the status
of the muscle can also be observed from the Ar-
duino Uno board. As shown respectively in Figures
7.19 and 7.20, the on-board LED will be switched
on when the muscle is in contract condition and,
it will be switched off otherwise.

III. TEST PROCEDURES

Four volunteers had been involved in the
acupuncture case study, with each of them suffering
from muscle impairment at different parts of the
bodies. The first volunteer suffered from neck pain,
the second suffered from calf muscle cramp due to
excessive exercises and the third and fourth suffered
from thigh muscle pain. The patients were treated
by an acupuncturist who has had more than 10
years of clinical experience. The patients were
rested on a treatment couch before the acupunctur-
ist started carefully locating the areas of the in-
jured muscles by palpation. According to Tsuei [1],
each meridian is related to a specific organ. Hence,
once the injured areas were identified, the merid-
ians that went through those areas were traced.
Acupuncture needles were subsequently inserted into
the distal acupoints. Very often, when a needle
was pricked, the acupuncturist would consult the pa-
tients if the needling semsation could be felt. Accord-
ing to the acupuncturist, once the needle reaches its
intended depth and depending on the meridians be-
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Fig. 11: The circuit schematic of the low pass am-
plifier.
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Fig. 12: The circuit schematic of the inverting am-
plifer connected to the last stage of the EMG cir-
cuit.

ing triggered, the patient should feel either a mild
tingling sensation or a glitch of electric sensation. If
the sensation is not felt immediately, it is elicited
via needle rotation.

Since changes in the muscle length and movement
may easily induce motion artefact, the EMG activ-
ity was measured during a 10-second, sub-maximal,
isometric contraction. The reading at each second be-
fore and after the treatment was recorded. In order
to minimize measurement errors, the EMG activity
at each second was measured twice and the average
was taken. Once the entire therapeutic process had
fnished, the EMG signals of the first three patients
were measured immediately, while the fourth were
measured 30 minutes afterward. Again, the EMG
signal after the therapy was measured at each sec-
ond for a consecutive duration of 10 seconds. Fig-
ures 21 and 24 illustrate the acupuncture thera-
pies administered on the four patients, whereas Fig-
ures 7.25 shows the EMG measurement process per-
formed after the therapy. Although the EMG activ-
ity was observed throughout the process (i.e. before,
during, and after the therapy), only the results be-
fore and after the treatment were saved, compiled,
and analyzed (Figures 22 and 23.).
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Fig. 14: Connection of the EMG circuit to Arduino
Uno on a virtual breadboard.

IV. RESULTS AND DISCUSSION

Figures 26—29 and 30—33 show, respectively, the
EMG signals of the four volunteers before and after
the acupuncture treatments. Clearly, the signals are
constantly fluctuating since they are highly sensitive
to electrical noise - in particular, motion artefact
and the inherent instability of the signal. Hence,
a variation within £+ 15 % from its average value
would be regarded as a normalcy and would not
be considered as the after effect of acupuncture.

The average EMG signal before the acupuncture
treatment and the signal at each second after the
treatment for a duration of 10 seconds are depicted
in Figures 7.34—7.37. It is to be emphasized again,
here, that the measurements for the first three vol-
unteers were taken instantly after the treatment;
while, that for the last volunteer were taken half
an hour later. Upon close inspection on the figures,
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nt arduinoLED = 13; // Control the LED on the pin 13 of
t thresholdValue = 2.Db // 8et a rhreshold value
0{
in(9600); // Initialize serial communication at 9600 bits per second
ie (arduinoLED, UTFUT); //Set t

Arduino

he connected pin 13 as an output
}
roid loopl} {

// Receive the outp

he EMG sensor and transmit to analog input AQ
int sensorValue = a
At val‘csge = sensorValue * (5.0/1023.0);

//Display voltage value

//Convert the value received to voltage

serial.print (voltage);

> thresholdValue) {
//Trigger this when voltage value is larger than the threshold value
Serial.pri d //Display string

digitalWrite (arduinolED, HI

ii(valtaqe

sH); //Supply 5V to pin 13 of Arduino to turn on LED

//Trigger this when voltage value is lower than the threshold value
ntln(" RELAX!"); //
te (arduinolPD, LOW); //Turn off the LED

Serial.g
digitalw
]
delay(100); //Apply delay for
}

the data acquisition

Fig. 15: Arduino code for data acquisition.

Fig. 16: Placement of the surface electrodes on the
bicep muscle.

it can be observed that the EMG signal of the
four volunteers before the acupuncture treatment
are all above the 2 V threshold, with the third vol-
unteer having the highest magnitude (i.e. 3.58 V )
and the second having the lowest magnitude (i.e.
2.56 V ). This is to say that their muscles were
suffering from contractions due to injuries, and it is
very likely that the third volunteer had the most
severe injury, while the second the least severe. It
can also be seen that the posttreatment EMG sig-
nals for the first three volunteers resemble closely
those before the treatments - their average magni-
tudes after the treatments only vary, respectively,
by 5.97 %, 9.06 %, and 4.55 % compared to the pre-
treatments. Although the posttreatment signals for
the second and third volunteers evince slight reduc-
tions, the discrepancies are still within the 15 %
range. Hence, the differences are very likely a re-
sult of electrical noise coupling effects.

On the other hand, the average post treat-
ment magnitude for the fourth volunteer drops by
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& COM3 (Arduino/Genuino Uno) = o X

| Send
0.15 RELAXI
0.19 RELAX!
0.18 RELAX!
0.18 RELAX!
0.18 RELAX!
0.16 RELAX!
0.39 RELAX!
4.81 CONTRACT!
4.35 CONTRACT!
2.70 CONTRACT!
4.81 CONTRACT!
4.81 CONTRACT!

4.13 CONTRACT!
4.18 CONTRACT!

Newline ~| 9600 baud  ~  Clear output

Fig. 17: The voltage values generated during muscle
contraction and the status of the muscles are dis-
played on the serial monitor of the Arduino IDE.

@ COM3 (Arduino/Genuino Uno) = o b

9.0

Fig. 18: EMG signal generated by muscle contrac-
tion is displayed on the serial plotter of the Arduino
IDE.

26.25 % . The reduction rate is conspicuous and
could be easily observed from paper Figure 37 . De-
spite remaining above the threshold, it is apparent
that the muscles of the fourth volunteer have man-
ifested signs of relaxation after the treatment. The
observation suggests strongly that acupuncture does
provide effective medication to the patients. The ef-
fect of the treatment, however, may not be immedi-
ate and may, in fact, only slowly but progressively
become noticeable.

V. HYPOTHESIS

According to [15 — 18], more than 90 % of the
skin points which are of particularly high conduc-
tivity coincide with the acupoints. A general conjec-
ture for this phenomenon is that the water clusters
in the meridians conduct better than proteins [2].
Solutions which contain these water clusters were
found to have an electromotive force (emf) in the
range of 10—100 mV[19 — 23] and, in fact, the emf
at the acupoints is higher by the order of 10 mV
in comparison with the neighboring skin [2]. Hence,
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On-board LED

CAD OND)
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Fig. 19: The on-board LED will be switched on

when the muscle contracts.

@ m

n-board LED

I e

Fig. 20: The on-board LED will be switched off
when the muscle relaxes.

electromagnetic waves travel faster through meridi-
ans than through nonmeridian tissue [15]. The as-
sert given by [15] is corroborated by the findings
in [24-26] which demonstrated that meridians are
good paths for electric current.

Now, if one hypothesizes the entire meridian sys-
tem to operate like an electric circuit network, then
one can think of the injured parts as those re-
lated to the meridians where the conductivities have
dropped. This is to say that an anomaly has oc-
curred to the water clusters in those meridians, re-
sulting in an unusual increase in resistance. The
high resistance hampers the propagation of the po-
larized ¢ ¢. When the improper distribution of the
electrons (due to the unregulated ¢ i) exceeds the
intrinsic tolerance of a human body, one starts to
feel uncomfortable or ill [27]. To allow sufficient
amount of ¢4 to flow through, it is apparent that
alternate paths with much lower resistance are re-
quired. Most acupuncture needles are made of stain-
less steel; while some are made of silver - both
of which are highly conducting materials. Insert-
ing the acupuncture needles to the acupoints can
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Fig. 21: Acupuncture is administered on the first
volunteer to remedy his neck pain.

Fig. 22: Acupuncture is administered on the second
volunteer to remedy his calf muscle cramp.

be conceived as connecting parallel wires between
the nodes with high resistance. A short-circuited
path is therefore created at the abnormal meridi-
ans. Physically, this actually means that the needles
are changing the constitutive properties of the body
[28,29] within the region of the abnormal meridi-
ans. In other words, not only the conductivity but
the permeability and permittivity which dictates, re-
spectively, the magnetic and electric field densities
at the meridians will be altered as well. It is to
be noted, however, that this change is physiologi-
cal and therefore the pace may be rather gradual.
Once the constitutive properties of the meridians
start to return to their healthy values, albeit not
yet fully restored, the flow of ¢4 would then be
unclogged, and the imbalances in ¢ ¢ are regulated.
The hypothesis is in congruence with the results ob-
served in the case study conducted in this work. It
is therefore safe to assert that acupuncture indeed
provides curative efficacy, although the effect is not
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Fig. 23: Acupuncture is administered on the third
volunteer to remedy his thigh muscle impairment.

Fig. 24: Acupuncture is administered on the fourth
volunteer to remedy his thigh muscle impairment.

immediate.

VI. CONCLUSION

In this paper, the efficacy of acupuncture ther-
apy has been investigated. An EMG sensor was
built to assess the effect of the acupuncture treat-
ment. The sensor consists of electrodes, amplifiers,
filters, and a rectifier. To detect the muscle activ-
ity, the electrodes of the sensor were adhered to the
skin of the volunteers. The output signal of the sen-
sor subsequently went through an ADC process and
was finally displayed at the serial monitor and the
serial plot. The measurement results indicate that by
helping to regulate the imbalances in qi, acupunc-
ture produces remedy effect to the patients. The
effect is, however, not immediately evident. Hence,
the patients may only feel the remedy effect slowly
but progressively.

APPENDIX

int arduinoLED = 13;

1580



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING
DOI: 10.46300/9106.2021.15.169

Fig. 25: The EMG readings are acquired after the

acupuncture treatment.

@ COM3 (Arduino/Genuine Uno) -
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s08

Fig. 26: The EMG signal of the frst volunteer be-

fore the acupuncture treatment.

// Control the LED on the pin 13 of
Arduino

int thresholdValue = 2.5;

// Set a threshold wvalue

void setup () {

Serial . begin (9600);

// Initialize serial communication at 9600
bits per second

pinMode (arduinoLED , OUTPUT);

//Set the connected pin 13 as an
output

}

void loop () {

// Receive the output value from

// the EMG sensor and transmit

to analog input AO

int sensorValue = analogRead (A0);

float voltage = sensorValue % (5.0/1023.0);
//Convert the wvalue received to wvoltage
Serial . print (voltage);

//Display wvoltage wvalue

if (voltage > thresholdValue){

//Trigger this when voltage

//value is larger than the threshold
//value
Serial . println ( CONTRACT ! );

//Display string

E-ISSN: 1998-4464
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@ COM3 (Arduino/Genuine Uno)

Fig. 27: The EMG signal of the second volunteer

before the acupuncture treatment.

© COM3 (Arduino/Genuino Uno)

| s.0

Fig. 28: The EMG signal of the third
before the acupuncture treatment.

digitalWrite (onboardLED, HIGH);
//Turn on LED

} else {

//Trigger this when voltage
//value is lower than the
//threshold wvalue
Serial.println( RELAX !

volunteer

); //Dislpay string

digitalWrite (onboardLED , LOW); //Turn off LED

delay (100)

//Apply delay for
//the data acquisition

}
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Fig. 29: The EMG signal of the fourth volunteer
before the acupuncture treatment.
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Fig. 30: The EMG signal of the first volunteer after
the acupuncture treatment.
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Fig. 31: The EMG signal of the second volunteer
after the acupuncture treatment.

E-ISSN: 1998-4464 1582

Volume 15, 2021

© COM3 (Arduino/Genuino Uno) - a x

| s.0

TSN GO PV W Y | WSO S

| 3.0

0.0

Fig. 32: The EMG signal of the third volunteer
after the acupuncture treatment.
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Fig. 33: The EMG signal of the fourth volunteer
after the acupuncture treatment.
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Fig. 34: Comparison of the EMG signal of the first
volunteer before and after the acupuncture treatment.
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Fig. 35: Comparison of the EMG signal of the sec-
ond volunteer before and after the acupuncture treat-
ment.
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Fig. 36: Comparison of the EMG signal of the third
volunteer before and after the acupuncture treatment.
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Fig. 37: Comparison of the EMG signal of the
fourth volunteer before and after the acupuncture

treatment.
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