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Abstract

Objective: To investigate the effect of interferential current (IFC) stimulation level on electroencephalogram
(EEG) activation.

Method: An adhesive 2-pole electrode pad was placed at the T1~T4 spinal cord segment level and electrical
stimulation was applied for 20 minutes to 45 healthy male and female adults recruited from N University located
in Gwangju Metropolitan City. Changes in EEG activation were analyzed before stimulation, immediately after
stimulation and at 30 minutes after stimulation. This study was performed in three groups: sensory level stimulus
group (100 bps, 10~12 mA), exercise level stimulus group (5 bps, 45~50 mA), and noxious level stimulus group (100
bps, 80~90 mA).

Results: After IFC stimulation, subjects in each group showed significant differences in terms of the retention
time of relative alpha power from each brain region and between-group interaction effects. Changes in EEG activation
were different depending on the type of IFC stimulation (p<0.05).

Conclusion: Electrical stimulation parameters in clinical practice should be selectively applied based on diverse

changes and conditions.

Keywords: Interferential current; Sensory-level stimulus; Exercise-
level stimulus; Noxious-level stimulus

Introduction

Electrical stimulation serves as a therapeutic method to relieve bone
disorders or neurological pain, expands the size of the receptive field in
the cerebral cortex, and enhances the sensitivity of the somatosensory
system [1].

Transcutaneous application of electrical currents leads to the
activation of neuronal membranes, and the resulting physiological,
pathological changes elevate blood circulation and muscular activity
via muscular metabolism [2]. Thus, numerous studies have indicated
that electrical stimulation is an effective treatment for various purposes,
including pain control, muscle re-education, muscle strengthening
and wound healing, while emphasizing the introduction of more
diverse and suitable approaches for electrical stimulation [3]. Previous
studies have found that the stimulation of peripheral sensory receptors
affecting the excitability of the motor cortex can differ depending on
the type of electrical stimulation applied and the intervention time
in the absence of any regular index [4]. Since the diverse therapeutic
effects of electrical stimulation tend to be evaluated based on a patient’s
subjective pain intensity, the application of electrical stimulation
at an appropriate level is a daunting task not only for achieving the
maximum effect under specific conditions, but also for minimizing
pain intensity and unpleasantness [5]. Thus, these research outcomes
have implied that more effective and suitable evidence-based
approaches for electrical stimulation conditions and intensity are
crucial [6]. Interferential current (IFC) is a treatment modality used
primarily for pain control. Wider use of IFC in clinical settings is due
to its physiological mechanism through which higher maximum total
current can be delivered to specific tissues, with greater penetration
because of less resistance to the skin or tissue [3]. IFC is an amplitude
modulated alternating current with a medium-frequency of 1~100
kHz produced when two independent alternating currents of slightly
different frequencies intersect and deliver a biologically acceptable bust

frequency under the flow of a sustained electric charge [7]. However,
the proposed mechanism for the pain-relieving properties associated
with the use of IFC has yet to be fully elucidated by previous studies.
For this reason, diagnosis and assessment of the intervening effects
of electrical stimulation are emerging as the crucial factors in clinical
practice [3].

Electrodiagnostic tests have been proposed to measure nerve
conduction velocity and physiological excitability in a quantitative
manner. By measuring the electrical activity, these tests contribute to
objectively determining the variability of the current threshold and the
adaptability of the peripheral nerve induced by electrical stimulation
[8]. The excitability of neuronal cells in the form of physical stimulation
can also increase the muscular motor evoked potential [9]. The cerebral
cortex is responsible for sensing and interpreting input from various
sources and maintaining cognitive function. Brain waves also determine
the electrical signal generated from the cerebral cortex. Among brain
lobes, the frontal lobe is involved in memories and planning resulting
from current actions. The parietal lobe is involved in the reception and
processing of sensory information from the body [10]. Thus, many
researchers have studied electroencephalography (EEG) signals and
identified the electrical excitability of sensory or peripheral nerves
and changes in electrophysiological potential associated with noxious
stimulation based on the electrical signal generated by the cerebral
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cortex [5]. EEG signals also play a role in analyzing the brain’s electrical
activity, which is balanced between and modulated by the central
nervous system and local factors. Specific EEG patterns that vary
depending on mental state or activity, cerebral disease, and stimulation
are used extensively in various medical fields [11]. However, the current
conductivity is not applied evenly to all tissues, so actual EEG response
patterns to maximum electrical stimulation have been reported to
be diverse and irregular [12]. Brain-computer interface (BCI) is a
computer-based system that acquires brain signals, analyzes them, and
translates them into commands that are relayed to an output device to
carry out a desired action. People disabled by neuromuscular disorders
such as stroke or spinal cord injury can use electrical signals from their
brain activity to interact with, influence, or change their environments
[13]. Improvement in motor function may be possible through frequent
access to one’s environment. Studies have shown that a patient’s own
active thinking is of much help to his/her rehabilitation process,
unlike passive rehabilitation [14]. Taking into consideration the fact
that diverse level-based electrical stimulation parameters are applied
differently to the human body’s biorhythm activation mechanism, it is
crucial to choose the appropriate electrical stimulation conditions [3].
To evaluate the impact of a patient’s psychological state on the brain’s
neurophysiological changes in this study, we investigated the effect of
the level of electrical stimulation on EEG activation by recording the
brain’s electrical signals from the motor cortex region depending on
the type of IFC stimulation applied.

Methods
Subjects

Forty-five healthy male and female students at N university located
in Gwangju Metropolitan City were included in this study. Subjects
were excluded if they had a history of disease that might affect changes
in blood flow, vital signs (blood pressure, pulse, body temperature and
respiration rate), blood examination and this experiment, had any
metal implants in the body, were ineligible for electrical stimulation
intervention, had brain disorders, or were considered inappropriate for
participation in the study by the investigator. Subjects were instructed
not to engage in severe exercise and intake of tobacco, drinks or food
that might affect the autonomic system was restricted 1 hour prior to
the experiment. After recording age, gender and body weight as the
main parameters, the subjects were allocated randomly to one of the
following 3 groups: sensory level stimulus group (n=15), exercise level
stimulus group (n=15) and noxious level stimulus group (n=15). After
full explanation of the nature of the study, the subjects voluntarily
submitted written informed consent to participate in the study.
The three groups were considered homogenous after assessment of
demographic characteristics in each group (Table 1 and Figure 1).

The QEEG-8 system (PolyG-I, LAXTHA Inc., Korea) was used
to obtain EEG measurements. EEC recordings were obtained by
placing electrodes on the scalp in accordance with the international

10/20 electrode system. Brain signals detected along the scalp by
EEG contained several frequency components, although unnecessary
artifacts were removed. For this reason, the combined signals was filtered
using a band-pass filter of 0~50Hz that accepted frequencies within the
specified range, while rejecting frequencies outside that range. Raw
EEG data were digitalized via an analog-digital converter (12-bit AD
conversion), with a digital sampling rate of 256 Hz per second. Time
courses for all waveforms detected in the scalp EEG were observed
using the computer signal recording mode and all artifacts from the
subject and other frequencies were minimized [15]. EEG electrodes
were attached to eight locations on the scalp. The eight locations were:
the pre-frontal 1 (Fpl), pre-frontal 2 (Fp2), frontal 3 (F3), frontal 4
(F4), central 3 (C3), central 4 (C4), parietal 3 (P3) and parietal 4 (P4).
Furthermore, a reference electrode and a ground reference electrode
were placed behind the right earlobe and the left earlobe, respectively.
Gold-plated disc-shaped electrodes were used and they were attached
using paste applied from a gauze for EEG electrodes. For EEG data
analysis, quantitative analysis was conducted using the TeleScan
software program. Alpha waves at a frequency band of 8-13 Hz were
analyzed. Raw EEG data were converted into frequencies using fast
Fourier transform (FFT), representing the quantitative relationship
between frequency components and their brain wave intensities. Power
spectrum analysis (PSA) was performed on the components of different
frequencies to compute the relative power values of each frequency.
In this study, relative band power, which indicates the ratio of the
absolute band power at a total frequency to the absolute band power,
was calculated in order to correct absolute differences among the
subjects in EEG [10]. To prevent eye-induced artifacts (e.g. eye blinks)
during the EEC recording, subjects were instructed to close their eyes.
Each subject rested comfortably on a bed for 10 minutes to minimize
posture- or action-induced EEG artifacts and measurement errors
before the experiment. Although spectrum analysis-based relative
power values could be computed by recording the EEG signal over
a short period of time, the computation of relative power values was
performed for 20-30 seconds to 3 minutes per frequency band using
purified brain waves with the artifacts removed in order to evaluate
the brain's electrical activity more accurately. The room temperature
and humidity were controlled. During the experiment, lighting and
noise within the room or from the outer environment were reduced to
the lowest possible level. From 220 seconds of EEG raw data obtained
before electrical stimulation, immediately after IFC stimulation and at
30 minutes after IFC stimulation, 180 seconds of each measurement
was analyzed, excluding the first and last 20 seconds (Figures 2 and 3).

Procedures

Each subject lay on a bed in a comfortable position for 10 minutes
before the experiment to enhance his/her psychological stability [13].
A pad electrode (4x4 cm, Protens Electrodes, Bio-Protech INC. Korea)
was attached to the transverse process at a distance of about 2 cm from
the left side of the spinous processes corresponding to the T1~T4 spinal

Characteristics aSSL PESL °NSL F p
Male 7 8 9
Gender

Female 8 7 6
Total 15 15 15

Age (years) 922.00 + 1.41 2245+ 1.44 22.64 +1.63 0.53 0.596

Height (cm) 166.27 £ 7.46 167.09 £ 10.50 170.64 + 11.08 0.62 0.653

weight (kg) 62.55 + 4.55 60.82 + 4.08 65.09 + 6.93 3.21 0.260

aSSL: sensory stimulus level; PESL: exercise stimulus level; °NSL: noxious stimulus level ; “Mean + SD.

Table 1: General characteristics of the subjects.
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Figure 1: Diagram of expermental procedure.
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Figure 2: International 10/20 electrode system.

Fp1: left pre-frontal lobe, Fp2: right pre-frontal lobe, F3: left frontal lobe, F4:

right frontal lobe, C3: left central lobe, C4: right central lobe,
lobe, P4: right parietal lobe

A2}

~EAR

P3: left parietal

cord segment levels. IFC stimulation was applied for 20 minutes using
ENDOMED 582 (Enraf Nonius, Netherland) as the IFC equipment.
Following preliminary tests, the experiment was performed in three
groups: sensory level stimulus group (burst frequency; 100 bps,
intensity; 10-12 mA), exercise level stimulus group (burst frequency;
5 bps, intensity; 45-50 mA) and noxious level stimulus group (burst
frequency; 100 bps, intensity; 80~90 mA).

Electroencephalogram (EEG) data analysis

All statistical analyses were conducted using SPSS 12.0 software
version. The Shapiro-Wilks test was performed, assuming normal
distribution of the demographic characteristics of the subjects and
each test item. Since the normal distribution was identified, one-way
analysis of variance (ANOVA) was used to compare the demographic
characteristics in each group. Time-course changes in EEG activation
in each group were subject to two-way repeated measures ANOVA.
The significance in testing items was analyzed by Tukey HSD test.

Results

Changes in EEG-based relative alpha power per brain region

Changes in between-group relative alpha power values following
IFC stimulation showed that relative alpha power increased in the sites
(Fpl, Fp2, F3, F4, C3, C4, P3, and P4) of the exercise level stimulus
group immediately after IFC intervention, whereas it decreased in the
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noxious level stimulus group. When the experimental results were
analyzed using repeated measures ANOVA, the Mauchly’s test of
sphericity was statistically significant (p<0.05). Multivariate test results
also revealed that there were significant differences in between-groups
interaction effects at different time intervals of IFC stimulation in each
group (p<0.05). In a multivariate approach to the within-subjects test
used to analyze the relative alpha power during the different intervals
of IFC stimulation in the 3 groups. significant differences in the relative
alpha power were noted at F3, F4, C3, C4, P3, and P4 sites immediately
after IFC stimulation and at 30 minutes after IFC stimulation (p<0.05)
(Table 2).

Discussion

IFC stimulation affects the excitability of the neuronal membrane,
and a short pulse duration can activate motor neurons [14].To induce
the maximal volitional contraction (MVC) in muscle, the amplitude
of the stimulating current (20-50 mA) during exercise is delivered to
subjects depending on their muscle contraction and compliance [15].
For sensory stimulation, the amplitude is delivered at 2.5~4.0 mA. The
appropriate level of stimulating current is applied at noxious stimulus
levels in terms of pain control derived from the endogenous opioid
theory [3]. Based on the fact that the sympathetic ganglia is effective in
elevating peripheral blood flow, an adhesive 2-pole electrode pad was
placed on the T1~T4 spinal cord segment levels of each subject [16].
In this study, the authors investigated the direct effect of 3 stimulation
types (sensory level stimulus, exercise level stimulus, and noxious
level stimulus) on EEG activation using the frequency and intensity
of IFC stimulation as the main parameters. The brain’s electrical
activity, which is reflected in EEG signals, indicates that biochemical

interactions in the brain’s neurons result from ionic currents within
neuronal cells, glia cells, and the blood-brain barrier [17]. EEG is an
excellent time-resolution diagnostic tool that provides space-time
information regarding the brain’s electrical activity originating from
the neural cell population of the cerebral cortex [18].

Alpha waves increase during comfortable rest [19]. Decreased
alpha and beta waves in stroke patients are closely associated with
cognitive impairment. Motor learning is facilitated when appropriate
levels of brain waves are stimulated. The appearance of alpha waves
indicates brain relaxation, with a reduction in mental and physical
tension and stress. Comprehensive judgment is then possible with
improved concentration. For this reason, alpha waves are crucial in
situations where a higher level of concentration is required [20,21].
In this study, significant changes in relative alpha power observed in
each group following electrical stimulation demonstrated that exercise
level stimulus was more effective for a high level of performance,
compared with sensory level and noxious level stimuli. This study
revealed that alpha waves were maintained more effectively after
sensory level stimulation than after other types of IFC stimulation.
This suggests that the outcomes of this study may be used as a strategy
to effectively control alpha waves, which are vital to cognitive and
mental processes, for successful achievement of a given task [22]. A
study on the tract of the motor center indicated that significant loss of
alpha waves was observed in the spinal cord after electroacupuncture
at the low-frequency of 80 Hz [23]. When electrical stimulation at low
current levels is applied to the skin surface where sensory receptors
are embedded in motor nerve fibers or myofibers, it reaches a sensory
threshold and induces a positive effect and modulatory functions

a-power
Post ‘ Post 30
SSL
ESL
NSL

Figure 3: Brain mapping of electroencephalogram (EEG) activity in a-power.

Scale range: Min. value (0.31) ~ Max. value (0.54), Interval (0.03); Data expression: Electrodes, Head object; value of relative power were expressed by color in

high-to-low order: red, orange, yellow, green, blue, and violet
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Variable Group Pretest (M + SD) Posttest (M £ SD)
SSL (n=15) 0.32+0.15 0.32+0.12
Fp1 ESL (n=15) 0.33+0.14 0.43+0.10
NSL (n=15) 0.31+0.15 0.32+0.13
SSL (n=15) 0.33+0.14 0.33+0.14
Fp2 ESL (n=15) 0.33+0.12 0.43+0.10
NSL (n=15) 0.32+0.16 0.33+0.14
SSL (n=15) 0.38+0.13 0.36+0.12
F3 ESL (n=15) 0.38+0.15 0.46 + 0.11
NSL (n=15) 0.38+0.16 0.35+0.12
SSL (n=15) 0.37+0.13 0.36+0.13
F4 ESL (n=15) 0.37 £0.15 0.46 +£0.11
NSL (n=15) 0.35+0.17 0.36 £ 0.14
SSL (n=15) 0.42+0.15 0.42+0.18
Cc3 ESL (n=15) 0.39+0.14 0.51+0.11
NSL (n=15) 0.51+0.13 0.43+0.11
SSL (n=15) 0.42+0.15 0.51+0.12
c4 ESL (n=15) 0.42+0.18 0.50+0.12
NSL (n=15) 0.39+£0.17 0.38+0.13
SSL (n=15) 0.46 +£0.18 0.45+0.15
P3 ESL (n=15) 0.45+0.21 0.55+0.17
NSL (n=15) 0.42+0.20 0.42+0.13
SSL (n=15) 0.45+0.17 0.42+0.14
P4 ESL (n=15) 0.47 +0.22 0.56 + 0.14
NSL (n=15) 0.44 +0.19 0.41+0.14

Page 5 of 6
F
Post30 (M & SD) _Fp) :
Group Period Group x Period

0.40£0.10 o6 »es 7s
0.37£0.10 (0.47) (0,08) (0.18)
0.33£0.09

0.42 £0.09 065 050 o
0.38+0.09 (0.52) (0.38) (0.13)
0.35+0.09

0.46 £0.08 o6 sar 2o
0.39£0.09 (0.53) (0.04") (0.04")
0.37 £0.09

0.46 £0.10 o5t i 250
039 +0.11 (0.57) (0.04") (0.04")
0.35+0.11

040+018 0.97 3.18 3.34
0.37.+0.11 (0.38) (0.04") (0.02)
0.38 £0.09

0.51£0.12 10 sas ver
044£0.13 (0.34) (0.04") (0.04)
0.38£0.09

047£013 1.08 483 3.08
0.50£0.13 (0.34) (0.01) (0.03)
0.42 £0.09

055£013 1.05 4.89 3.44
0.50£0.15 (0.35) (0.01) (0.02))
0.41£0.10

‘p<0.05; pre test: before electrical stimulation; post-test: After electrical stimulation directly; post 30: After 30 minutes from immediately the electrical stimulation

Table 2: The change of relative value a-power.

[24]. This can be inferred from our results demonstrating significant
changes in the alpha waves of the sensory level stimulus group. In
addition, another study showed that increased cerebral blood flow
resulted in the enhancement of cognitive function in elderly patients
with frontal lobe degeneration complicated by cognitive dysfunction
[25]. This also coincides with our results, demonstrated in changes of
EEG activation in the frontal lobe and other brain regions, indicating
that proper electrical stimulation can activate the frontal lobe and that
change in EEG activation induced by exercise level stimulus may be
effective for the enhancement of cognitive function. Further, in a study
where a sleep-awakening cycle was induced using electroacupuncture,
functional exercise enabled the activation of alpha waves in parietal
and occipital regions [26]. In this study, increased alpha activity was
identified in the exercise level stimulus group. More specifically,
changes in skeletal muscle associated with electrical stimulation
reflect significant activity in the motor cortex region that governs the
stimulating muscle. The results of our study are supported by existing
reports suggesting that physical exercise leads to increased secretion of
brain derived neurotropin factor, preventing the destruction of normal
brain cells and aiding in the generation of new brain cells [27,28].
By considering the changes in EEG activation according to types of
electrical stimulation, we can infer that time-course changes in alpha
activity in each brain region may affect the activity in the motor region
as well as in the sensory region of the cerebral cortex. Further, the
same levels of alpha waves are generated from both the left and right
brain in normal individuals. A study related to spatial cognitive activity
reported that there are no differences in EEG activity between the left
and right brain (frontal, temporal, parietal and occipital lobes) and
the left and right hemispheres of the cerebrum [29]. Our brain maps
found no differences in alpha activity from both the left and right brain

of all subjects when exposed to electrical stimulation. The breakdown
of the endogenous pain control system is a potential mechanism
underlying increased pain [5]. When noxious electrical stimulation is
applied to alleviate severe pain, a high level of pain catastrophizing is
inversely related to the brain’s electrical activity in the cortex region
including a downward pain control network [30]. An experimental
study showed that EEG activity in the alpha band is lower in pain-
induced normal subjects [31]. Nevertheless, our EEG data failed to
identify significant changes in the alpha band from the noxious level
stimulus group, which can be inferred by the previous study report [32]
that a noxious level of electrical stimulation leads to the secretion of
endogenous opioids within the central nervous system that may result
in downstream pain control. More specifically, receptor-based skin
pressure stimulation and skin stretching show the highest sensitivity at
the frequencies of 0.3-3 Hz and 25-400 Hz respectively, thus generating
various excitations such as sensation, exercise and pain [33]. The
electrical stimulation used in this study is a therapeutic intervention
method designed to achieve more effective tissue stimulation without
pain or unpleasantness during application, using amplitude modulated
alternating current in IFC stimulation mode. Significant differences
exist between previous reports and our results in that this study does
not fully elucidate the changes in cortical potentials per frequency
related to muscle contraction training in each cerebral cortex region.
Therefore, EEG activation needs to be measured as a therapeutic
approach for each brain wave by mutual linkage of important brain
wave bands for analysis in various diseases. In addition, since the
criteria for brain development and aging vary depending on the age
of the subjects, which may affect brain waves, changes in EEG signals
should be investigated in objective age brackets.
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Conclusion

In this study, we investigated the effect of different types of IFC
stimulation in the sympathetic ganglia of normal healthy adults on
EEG activation. Significant changes in the relative alpha power during
different intervals of IFC stimulation were observed in each group at
Fpl and Fp2 sites before electrical stimulation and at 30 minutes after
IFC stimulation. Further, significant differences in the relative alpha
power were noted at F3, F4, C3, C4, P3, and P4 sites immediately after
IFC stimulation and at 30 minutes after IFC stimulation. We found
diverse brain wave changes depending on the type of IFC stimulation,
significant effects of electrical stimulation level on EEG activation, and
the patient’s psychological stability during rehabilitation, which could
not be quantitatively measured. The results of our study may be used as
raw data for the rehabilitation of patients if adequate levels of electrical
stimulation are applied depending on the patient’s condition.
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