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Measurement of electromagnetic characteristics of BIOMAG -
medical device for magnetotherapy

Abstract. Magnetotherapy is physical therapeutic method in human medicine based on the application of pulsed magnetic fields. The magnetic flux
density and intensity of electric field were measured for 32 programs of the Biomag device and all its applicators and their combinations (solenoid,
triangle, light, solenoid + light, triangle + light). Each program was switched on for 5 minutes with intensity set to 100%. The highest value of
magnetic flux density 420.98 uT was achieved by the program with the highest frequency 160 Hz. A statistically significant difference in the magnetic
flux density was detected during the application of a radiofrequency signal on the control unit (decrease in magnetic flux density on average by 20.42
uT) compared to without the radiofrequency signal. Using Biomag device under laboratory conditions, an average value of 2.13 uT and the highest
maximum 56.78 uT were found. The values did not reach the ICNIRP limits but exceeded the EUROPAEMY/Biolnitiative recommendations.
Simulations and measurements with and without a human head phantom confirmed that low frequency magnetic fields are not significantly
attenuated in artificial brain tissue. The measured values in the head phantom ranged from 239 uT to 323 uT. The aim of this study was to verify if
the tested device can be used not only for supplemental human magnetotherapy but also for the experimental purposes.

Streszczenie. Magnetoterapia to fizykoterapeutyczna metoda w medycynie cztowieka oparta na zastosowaniu impulsowych pél magnetycznych.
Zmierzono gestos$¢ strumienia magnetycznego i natezenie pola elektrycznego dla 32 programéw urzgdzenia Biomag i wszystkich jego aplikatoréw
oraz ich kombinacji (elektromagnes, tréjkat, Swiatto, elektromagnes + $wiatto, trojkat + Swiatto). Kazdy program wigczano na 5 minut z
intensywnos$cig ustawiong na 100%. Najwigkszg warto$¢ gestosci strumienia magnetycznego 420,98 uT uzyskat program o najwyzszej
czestotliwos$ci 160 Hz. Wykryto statystycznie istotng réznice w gestosci strumienia magnetycznego podczas przyktadania sygnatu o czestotliwo$ci
radiowej do jednostki sterujgcej (spadek gestosci strumienia magnetycznego $rednio o 20,42 uT) w poréwnaniu z brakiem sygnatu o czestotliwo$ci
radiowej. Uzywajgc urzadzenia Biomag w warunkach laboratoryjnych uzyskano $rednig warto$¢ 2,13 uT i najwyzsze maksimum 56,78 uT. Warto$ci
nie osiggnety limitéw ICNIRP, ale przekroczyly zalecenia EUROPAEMY/Biolnitiative. Symulacje i pomiary z fantomem ludzkiej glowy i bez niego
potwierdzity, ze pola magnetyczne o niskiej czestotliwo$ci nie sq znaczgco ostabiane w sztucznej tkance mézgowej. Zmierzone wartosci w fantomie
gfowy miescity sie w zakresie od 239 uT do 323 uT. Celem pracy byto sprawdzenie, czy badane urzagdzenie moze byc¢ wykorzystywane nie tylko do
uzupetniajgcej magnetoterapii cztowieka, ale réwniez do celéw eksperymentalnych. (Pomiar wilasciwosci elektromagnetycznych BIOMAG -

urzadzenia medycznego do magnetoterapii)
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Introduction

Electric and magnetic fields are widely used for
diagnostics and therapy in medical practice. Low frequency
electromagnetic fields (LF EMFs) usually do not cause any
significant tissue heating, or thermal heating that is lower
than the natural temperature fluctuations in the tissue [1].
The effects caused by LF EMFs in the frequency range
below 100 kHz are mainly electrostimulating [2].

Magnetotherapy as a therapeutic method uses a pulsed
LF magnetic fields (MFs). It could affect biochemical
reactions within and between the cells, as well as higher
permeability of the cell membranes [3]. The MFs affect the
magnetomechanical effect in biological tissues, which is
caused by changes in the orientation of RNA and DNA
macromolecules [4]. Physical effect originates in the
principle of electromagnetic induction phenomena, result of
which are eddy currents. The magnitude of these currents
depends on a magnetic flux density, frequency and length
of the object [5, 6]. Pulsed MFs may increase the rate of
metabolism [7], blood flow and oxygenation of the body part
[8] where MFs are applied, thereby speeding up the healing
and regeneration process. Magnetotherapy is used mainly
to treat pain, improving musculoskeletal disorders, post-
traumatic conditions and damaged tissues [9]. It also can be
applied to treat diseases of the nervous system such as
multiple sclerosis [10], for supportive treatment of
osteoporosis [11] and joint replacement (because
magnetotherapy does not overheat the osteosynthetic
material). LF MFs can inhibit tumour growth and are

effective in combination therapy with chemotherapeutic
drugs [12, 13].

The Biomag Lumina Clinic device (Czech Republic,
Biomag) works as a source of LF MFs as part of treatment,
preventative care or rehabilitation. It can be applied at the
surface of any part of the human body. Biomag defines 6
basic treatment effects according to the frequency range:
analgesic (dominant for frequencies 1-10 Hz), muscle
relaxant (3-12 Hz), anti-edema (7-22 Hz), vasodilating (10-
44 Hz), detoxifying (11-160 Hz) and anti-inflammatory effect
(17-160 Hz) [14]. Two applicators for Biomag are
constructed as air coils made from a copper conductor with
leatherette coverage. Third applicator contains the coil
together with a light source, which is used for phototherapy
using polarized light. Thus, in combination with a pulsed MF
it can increase the healing effect. The manual describes
combinations of frequencies for given programs, however,
the parameters for the intensity of electric field (E-field) and
magnetic flux density (B-field) are missing. Therefore, we
decided to perform measurements in order to complete the
factory data, as we will utilize the Biomag not only for
medical human therapy, but also for scientific
(experimental) purposes on animals.

Thus, our study included 4 measurement routines: (1I.)
determination of B-field and E-field generated by Biomag
applicators at particular frequencies, (ll.) B-field
measurement of Biomag during EM interference by a
radiofrequency (RF) signal simulating a mobile phone, (lll.)
detection of MF levels in the laboratory where the device is
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used and their comparison with ICNIRP limits [15], (IV.)
measurement of MF attenuation in the artificial brain tissue
of the head phantom, and comparison of the values with
results obtained from numerical simulations.

Materials and methods

In this study, the pulse medical magnetotherapy device
Biomag was used as the source of LF EMF. Three
applicators of the device were used: solenoid, triangle and
light. According to the datasheet [14] the 3D field solenoid
has MF with maximum B-field of 4 mT. The triangle is
basically a flat type applicator folded into triangle shape
generating the B-field up to 4 mT. The light applicator
produces polarized light with the same frequency as the B-
field pulses with maximum B-field of 16 mT.

I.) The first procedure was based on the measurement
of B-field and E-field in individual magnetotherapy programs
in each applicator. The receiving antenna Narda EHP-50D
(Narda Safety Test Solutions, Germany) connected to the
Narda NBM-550 EMF analyser (Narda Safety Test
Solutions, Germany) via an optical fibre was placed inside
of particular applicator 10 cm from the edge (Fig.1.). Each
of the 32 available programs have own combination of
frequencies which alternate within the range from 1 Hz to
162 Hz. The tested clinic version of Biomag allows user to
change MF intensity within the range 50-100%. Fig.2.
depicts representative comparison of 100% and 50% MF in
program number 21 for B-field (a) and E-field (b). The
characteristic pulsed behaviour of the device during 20
minutes shows program number 17 (Fig.2.(c)). Last
program number 32 is suitable to set both frequency and
MF intensity by the user. In this program, the 14 most often
frequencies were selected, thus, 14 new programs with the
corresponding frequency were created.

During the measurements, each program was switched
on for 5 minutes with intensity set to 100% representing the
lowest possible therapy time but maximum possible B-field.
The root mean square (RMS) value of B-field, E-field and
corresponding frequency were measured every minute.
This procedure was repeated for each type of the applicator
or their combinations (solenoid, triangle, light, solenoid +
light, triangle + light). E-field values for each frequency were
measured using the marker function of the EMF analyser.
Totally 3250 values were measured for B-field (1625
values) and E-field (1625 values).

Fig.1. Design of the exposure and analysis system.

II.) The Biomag's interference with mobile phone using
RF EMF was tested. According to the Biomag
manufacturer, mobile phone should not be used in a vicinity
to any part of the device. The RF transmitting antenna
GSM/DCS/PCS 900/1800/1900 MHz (Yageo, Taiwan),
simulating a mobile phone, was placed 1 cm above the
device's control unit. Measurements were performed under
three frequencies: 900 MHz, 1800 MHz and 2100 MHz,

corresponding to GSM800, GSM1800 and UMTS2100
standards. Biomag's programs were switched on with the
most often frequencies (5.5, 6, 8, 8.5, 9.5, 11, 15, 17, 20,
25, 33, 46, 70, 160 Hz) and for all types of applicator. The
receiving antenna remains in the same place as in the
measurement routine (part |.). For each type of applicator
and their combinations, a comparison was made between
the group with and without RF signal exposure. Data were
tested for normal distribution and a Wilcoxon signed-rank
test and paired Student t test were chosen, using Jamovi
statistical software. The results were considered as
significant at p < 0.05.
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Fig.2. B-field (a) and E-field (b) values during the 5-minute interval
at half and full power. (c) Duration of 20-minute program at 100%
intensity.

11l.) B-field values were measured in the laboratory. All
devices inside the laboratory except the Biomag were
turned off in the room during the measurement. Biomag
programs were switched on with the most often frequencies
and for all types of applicators. The receiving antenna was
placed within each square meter of the laboratory at a
height of 1 m from the floor according to proposals of the
Australian Radiation Protection and Nuclear Safety Agency
[16]. Thus, 18 measurement points for the laboratory space
were obtained.

IV.) In this routine, only one coil of triangle applicator
was connected to the control unit. A human head phantom
[17] was inserted into the applicator so the active coil was
located at the “nose” position in the transverse plane
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(Fig.3.). MF inside the phantom was measured with a
gaussmeter HGMO09s equipped with an axial probe HGM09-
AP (MAGSYS magnet systeme, Germany). For
comparison, the same measurement protocol was
implemented for the applicator without phantom, where the
gaussmeter probe was placed at the same position, but in
the free space of the applicator. Exposure to LF MFs from
Biomag was numerically simulated in CST Studio Suite
(Dassault Systémes, France). The male phantom Gustav
(CST Voxel Family) with a resolution of 2.08x2.08x2.0 mm?
was used to provide information about the MF distribution in
the head. The dielectric properties of the tissues for
particular frequency was adjusted according to the
database [18]. All information related to the coil and
applicator were taken from the Biomag datasheet [14].
According to the following formulas, the number of turns of
the coil (1) and the electric current (2) were calculated as
input parameters for numerical simulations. Based on the
normality test, the Wilcoxon test and the paired Student t
test were used in the statistical software Jamovi. Results
were considered significant at p < 0.05.

!
(1) N=-

where: N is the number of turns of the coil [-], | = 27 mm
is the length of the coil and d = 0.9 mm is the diameter of
the turn.

U
) I==
where: | is electrical current [A], U is a voltage [V] of coil

measured by multimeter Brymen BM257S and R is a
resistance [Q] measured by the same multimeter.

B, =58

Fig.3. Exposure of human head phantom in CST Studio Suite (left)
and gaussmeter HGMO09s (right).

Table 1. The most often frequencies and corresponding measured
mean values of B-field and E-field.

Mean + SD

f [Hz] B-field E-field

[LT] [Vim]
5.5 132.87 £ 54.13 1.01 £ 0.64
6 153.17 £ 71.50 1.98 + 1.03
8 179.52 + 89.92 0.54 £0.46
8.5 180.38 + 107.48 4.29 +2.89
9.5 189.13 £ 80.70 0.95+0.33
11 205.18 + 108.09 0.82+0.48
15 217.53 + 103.51 0.37£0.29
17 238.71 + 120.83 0.55+0.54
20 247.78 + 121.81 0.76 £0.73
25 234.10 + 118.60 0.47 £0.38
33 284.20 + 125.48 0.12 +0.08
46 335.47 +143.43 0.20 £ 0.11
70 393.90 + 148.42 0.24 +£0.12
160 420.98 + 117.87 0.13+0.05

Abbreviations: f — frequency, SD — standard deviation.
Results

) The mean RMS values obtained in all tested
programs are summarized in Fig.4. Each curve shows RMS
values of B-field [uT] and E-field [V/m] of each applicator for

a specific Biomag program. It is evident that the
combination of triangle and light applicators produced the
highest values of B-field and E-field. According to the whole
dataset, the highest value of B-field 134.05 uT was found in
program 3 (“arthrosis of the joints”), using frequencies of 4-
10 Hz and 10-50 Hz. The highest value of E-field 2.88 V/Im
was found in program 4, which uses the same frequency
range as program 3. Table 1 contains the 14 most often
frequencies and corresponding mean RMS values of
electromagnetic quantities.
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Fig.4. (a) B-field [uT] and (b) E-field [V/m] for individual Biomag
programs and relevant applicators.
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Fig.5. B-field reduction after exposure to RF signal for particular
frequencies.

II.) Fig.5. shows the differences in B-fields between the
normal Biomag application and combined application using
RF signal near the control unit. RF signal reduced B-field in
all applicators by an average of 20.42 pT. The highest
decrease was found for the light applicator for frequency
900 MHz (33.85 uT; p = 0.036). Interesting was, that the
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lowest difference occurred in combination triangle and light
for the same frequency (9.10 pT; p = 0.019). However,
statistically significant differences (p <0.05) were found
considering all applicators, and with and without RF signal.
lll.) The maximum, minimum and mean RMS values of B-
field [uT] in laboratory area were evaluated in Table 2. On
average B-field level of 2.13 pT was measured. The
maximum values were found no further than 1 m from
Biomag. The highest value 56.78 uT was measured in the
case of the triangle applicator.

Table 2. Levels of MF in the laboratory during operation of the
Biomag.

B-field [UT]
Appl. Maximum Mean Minimum
S 39.40 2.01 0.04
T 56.78 2.13 0.03
L 54.55 2.06 0.03
S+L 45.20 2.10 0.03
T+L 51.87 2.33 0.03
OFF 0.31 0.07 0.02
Appl. — applicator, S — solenoid, T — triangle, L — light.
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Fig.6. MF penetration through the human head in the transverse,
sagittal and coronal plane.

Table 3. Comparison of measured results with simulation results.

Real Simulation
f [Hz] measurement B [uT] p value
B [uT]
10 239.00 + 5.68 235.60 + 2.17 0.082
15 250.00 + 4.71 247.80 + 1.81 0.141
20 260.00 + 6.67 259.60 + 1.96 1.000
25 271.00 + 5.68 272.20+1.23 0.545
33 283.00+6.75 286.10 + 1.29 0.111
46 302.00 +7.89 307.00 + 1.33 0.082
70 311.00 + 5.68 321.80 + 1.23 0.009*
160 323.00 +4.83 326.20 + 1.23 0.069
160 (p) 321.00 + 5.68 318.40 + 1.07 0.074

f — frequency, p — probe, * p<0.05 (statistically significant difference)

IV.) Fig. 6. shows the simulation results for the lowest
(10 Hz) and highest frequency (160 Hz). 10 Hz was
considered as lowest, since it was the lowest frequency
defined in dielectric properties database. The measured
and simulated values of the B-field are shown in Table 3.
Measured results reached values in the interval of 239-323

MT. Last representative measurement in Table 3 shows the
B-field comparison of simulation with and without the MF
probe. In the model with the probe, the B-field was 8 uT
lower than the model without the probe and only 2 pT lower
compared to the real measurement. Fig. 7. shows
conductive current density in mr proe.

a) by

Fig.7. (a) Model with probe and (b) conductive current density in
probe.

Discussion

The aim of this study was to measure and analyse the
basic electromagnetic parameters of the therapeutic
medical device Biomag in different routines. In the first part
of the study, the pulsed character of each program was
determined. The combination of triangle + light applicators
and then the triangle applicator achieved the highest B-field
values. In terms of frequencies, the highest B-field values
were measured for the highest frequencies of 160 Hz and
70 Hz. According to Murawski et al. [19] it is necessary to
know the proper values and differences in parameters
(magnetic flux density, frequency, generated course of MF)
for magnetostimulation and magnetotherapy. In our study,
increased voltage was measured with higher frequency
what resulted in the increase in current and higher B-field in
the coil. When comparing the pre-set programs and the
most often frequencies, the B-field values of the pre-set
programs were about three times lower. A study by Poljak
et al. [20] found out that B-field values in a close proximity
to the magnetotherapy device were measured in the range
of 100-500 pT (for 50 Hz, 75 Hz, 100 Hz/15-20 min.).
These results are in accordance with our study where B-
field values lay in the interval 133—-421 uT for the 14 most
often frequencies. The measured values of B-field and E-
field reached high SD values. We assume that the device
purposefully changes the MF level for the purpose of the
best possible therapy and thus creates an alternating
character of the field in the specified range. We were not
able to measure the maximum value of the applicator 4 mT
as defined by manufacturer. The measured value 640 uT at
the edge of the coil was two times higher compared to the
center of the coil 320 uT (distance between the edge and
the center of the coil 11.75 cm). However, the manufacturer
did not define where the maximum value of the B-field is
located. According to the simulation, the B-field at the edge
1.84 mT was almost six times higher than in the center of
the coil 326 pT (distance between the edge and the center
of the coil 16.5 cm).

The effect of the RF signal on the B-field value in the
applicator was observed. During control unit exposure using
RF EMF, B-field decreased in the applicator for all set
programs. In one case (900 MHz, triangle applicator), the
device automatically turned off during the measurements. In
an older study [21], the electromagnetic interference of
medical devices by mobile phones was described. About
66% of interfered devices at a distance of 1 m and a mobile
phone power of 0.6-0.8 W resulted in the automatic
shutdown or restart of the device. Review Mariappan et al.
[22] reported that 2G mobile phones caused more
interference to medical devices than 3G phones. 4G

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 8/2023 77



phones did not interfere at all. However, the interference
can cause even more damage. As showed Badizadegan et
al. [23], RF interference caused the failure of hematology
equipment (distance 1.22 m for 700-900 MHz and 1700-
2000 MHz frequency ranges).

Our results of B-field in the laboratory area reached
lower values comparing to the ICNIRP guidelines [15], [24].
The maximum B-field 56.78 pT was measured using
triangle applicator. ICNIRP recommends 200 uT for the
frequency range 25 — 400 Hz. For lower frequencies of 5.5
— 20 Hz, the limit value is 250 puT — 1.32 mT. However,
ICNIRP relies only on the induced current density.
However, EUROPAEM or the Biolnitiative have defined
much lower limits, which are based on the overall scientific
knowledge. According to EUROPAEM [25], the average 24-
hour exposure to LF EMF should not exceed the value of
0.1 uT. The same limit value was stated by the Biolnitiative
[26] for children and pregnant women and for the general
population the range of 0.2 — 0.4 uT was defined. It should
be noted that in the case of the comparison
EUROPAEM/Biolnitiative and measured values, the
average and maximum values in laboratory exceeded the
recommended limits.

The same measurement results without and with the
phantom head in the center of the applicator confirmed that
LF MFs pass through biological tissue with low attenuation.
The magnetic flux density depends primarily on the distance
from the source. Similar results were also achieved by
simulations. The presence of probe in the model did not
show a significant effect on B-field distribution. In a study by
Tavakoli et al. [27], the circular coil as one of the most
common coils in a repetitive transcranial magnetic
stimulation device was modelled in CST Studio Suite. The
simulation results of B-field and MF intensity (H-field) were
in accordance with theoretical calculations. In our study, the
input parameters (number of turns, electrical current) in the
simulation were obtained by calculation. The simulations
were in accordance with the measured vales (p < 0.05)
except one case for 70 Hz where the simulation revealed
about 3% higher B-field (p = 0.009).

In terms of LF EMFs effects, scientific studies described
both positive and detrimental effects. According to the
Biomag datasheet [14], analgesic and muscle relaxant
effects predominate for the 1 — 10 Hz frequency range.
Stimulating and detoxifying effects occur at frequencies up
to 25 Hz and the range 25 — 162 Hz has a regenerating and
healing effect. Similar effects were confirmed in older
studies. For example, in the study by Kanje et al. [28],
where treatment increased regeneration of the sciatic nerve
in rats, but not all MFs were effective (exposure 60 uT or
300 uT, 15 min/day). In another study [29], pulsed MFs
consisting of approximately 100 uT (peak) and exposure to
15 minutes induced analgesia, and increased opioid-
induced analgesia in snails. It was also found that exposure
to a weak LF EMF significantly improved sleep quality (1
Hz, 0.004 T, 40 min) [30].

However, it is important to note that in 2002, the IARC
classified LF EMF as potentially carcinogenic to humans
(group 2B) [31]. According to Manikonda et al. [32] LF MF
induces oxidative stress in rat brain (50 Hz, 50 and 100 uT,
continuous exposure for 90 days). In another study [33], an
increased risk of dementia, motor neurone disease, multiple
sclerosis and epilepsy was observed in utility workers at the
highest exposure of 1 pT. Radil et al. [34] reported non-
thermal effects during the proliferation process of cultured
cells by external time-varying LF EMF (1.6, 0.8, 0.4 and 0.2
kHz, 2.39 mT). Our previous study [35] confirmed the
inhibitory effect on yeast growth at the given parameters
(2.3 mT, 900 Hz, 8 hours).

In addition, there is lack of information about exposure
from different EMF sources such as static MF and LF or LF
and RF [36, 37]. Superposing RF signal to LF or vice versa
may cause different effects to occur. Thus, the combined
exposure should also be included to the study interest.

A limitation of this study was the human head phantom,
which was originally designed for RF EMF. The authors are
also aware of the dimensions of the receiving antenna,
which did not allow detailed mapping of MFs in each
applicator.

Conclusion

This study focused on the measurements and analysis
of the magnetotherapy device. The B-field and E-field
parameters for the pre-set programs were detected and the
most often frequencies with the corresponding B-field and
E-field levels were found. Results showed, that the highest
value of B-field (420.98 uT) was achieved at 160 Hz. It was
also found that the control unit was affected by RF signal
with reduction of the B-field value by 20.42 T in average.
In the laboratory where the device was tested, the B-field
reached an average value of 2.13 pT with the highest
maximum 56.78 uT. The values were lower comparing to
the ICNIRP standards but exceeded the
EUROPAEM/Biolnitiative recommendations. Simulations
and measurements with and without phantom showed low
MF attenuation in biological tissue for each frequency.

Acknowledgement

This work was supported by Slovak Research and
Development Agency under the contract no. APVV-19-
0214, project VEGA 1/0173/20 and Comenius University
grant no. UK/128/2021.

Authors: PhD. student, Ing. Katarina Hamza Sladicekova,
Jessenius Faculty of Medicine in Martin, Comenius University in
Bratislava, Department of Medical Biophysics, Mala Hora 4, 036 01
Martin, Slovak Republic, E-mail: sladicekoval@uniba.sk; Ing.
Jakub Misek, PhD. (corresponding author), Jessenius Faculty of
Medicine in Martin, Comenius University in Bratislava, Department
of Medical Biophysics, Mala Hora 4, 036 01 Martin, Slovak
Republic, E-mail: jakub.misek@uniba.sk; Ing. Roman Radil, PhD.,
Faculty of Electrical Engineering and Information Technology,
University of Zilina, Department of Electromagnetic and Biomedical
Engineering, Univerzitna 1, 010 01 Zilina, Slovak Republic, E-mail:
roman.radil@uniza.sk; PhD. student, Janka Jakusova, M.D.,
Jessenius Faculty of Medicine in Martin, Comenius University in
Bratislava, Department of Pathological Physiology, Mala Hora 4,
036 01 Martin, Slovak Republic, E-mail: jakusova20@uniba.sk;
PhD. student, Ing. Daniel Parizek, Jessenius Faculty of Medicine in
Martin, Comenius University in Bratislava, Department of Medical
Biophysics, Mala Hora 4, 036 01 Martin, Slovak Republic, E-mail:
parizek4@uniba.sk; PhD. student, Abdullah Al-Hakim, M.D., MHA,
Jessenius Faculty of Medicine in Martin, Comenius University in
Bratislava, Department of Thoracic Surgery, Mala Hora 4, 036 01
Martin, Slovak Republic, E-mail: dr.-alhakim@hotmail.com; prof.
Jan Jakus, M.D., PhD., D.Sc., Jessenius Faculty of Medicine in
Martin, Comenius University in Bratislava, Department of Medical
Biophysics, Mala Hora 4, 036 01 Martin, Slovak Republic, E-mail:
Jan.jakus@uniba.sk.

REFERENCES

[11 Rubik B., Bioelectromagnetics & the Future of Medicine,
Administrative Radiology Journal, 16 (1997), nr 8, 38-46

[2] Israel M., Zaryabova V., Ivanova M.,
Electromagnetic field occupational exposure: Non-thermal vs.
thermal effects, Electromagnetic Biology and Medicine, 32
(2013), nr 2, 145-154, doi: 10.3109/15368378.2013.776349

[3] Shankayi Z., Firoozabadi S. M. P., Mansourian
M., Mahna A., The effects of pulsed magnetic field
exposure on the permeability of leukemia cancer cells,
Electromagnetic biology and medicine, 33 (2014), nr 2, 154-
158, doi: 10.3109/15368378.2013.800103

78 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 8/2023



(4]

(3]
[6]
(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

(18]

[16]

(7]

(18]

(9]

(20]

[21]

[22]

(23]

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 8/2023

Binhi V. N., Prato F. S., Rotations of macromolecules
affect nonspecific biological responses to magnetic fields,
Scientific Reports, 8 (2018), doi: 10.1038/s41598-018-31847-y
Navratil L., Rosina J. et al., Medical biophysics,
Prague: Grada Publishing, 2005

Capko J., Basics of physiotherapy,
Publishing, 2007

Tai Y. K., Ng Ch., Purnamawati K., Yap J. L. Y.,
Yin J. N., Magnetic fields modulate metabolism and gut
microbiome in correlation with Pgc-1a expression: Follow-up to
an in vitro magnetic mitohormetic study, The FASEB Journal,
34 (2020), nr 8, 11143-11167, doi: 10.1096/fj.201903005RR
Biermann N., Sommerauer L., Diesch S., Koch
Ch., Jung F., Kehrer A., Prantl L., Taeger Ch. D.,
The influence of pulsed electromagnetic field therapy (PEMFT)
on cutaneous blood flow in healthy volunteers, Clinical
Hemorheology and microcirculation, 76 (2020), nr 4, 495-501,
doi: 10.3233/CH-209224

Huang P., Xu L., Xie Y., Biomedical Applications of
Electromagnetic Detection: A Brief Review, Biosensors, 11
(2021), nr 7, doi: 10.3390/bios11070225

Afshari D., Moradian N., Khalili M., Razazian N.,
Bostani A., Hoseini J., Moradian M., Ghiasian
M., Evaluation of pulsing magnetic field effects on paresthesia
in multiple sclerosis patients, a randomized, double-blind,

Prague: Grada

parallel-group  clinical trial, Clinical Neurology and
Neurosurgery, 149 (2016), 171-174, doi:
10.1016/j.clineuro.2016.08.015

Eid M.M., EI-Gendy A.M., Abdelbasset W.K.,
Elkholi S.M., Abdel-Fattah M.S., The effect of
magnetic therapy and moderate aerobic exercise on

osteoporotic patients: A randomized clinical study, Medicine,
100 (2021), nr 39, doi: 10.1097/MD.0000000000027379

Xu A., Wang Q., Lv X., Lin T., Progressive Study on
the Non-thermal Effects of Magnetic Field Therapy in
Oncology, Frontiers in  Oncology, 11 (2021), doi:
10.3389/fonc.2021.638146

Kim S.J., Jang Y.W., Hyung K.E., Lee D.K., Hyun
K.H., Jeong S.H., Min K.H., Kang W., Jeong J.H.,
Park S.Y., Extremely Low-frequency electromagnetic field
exposure enhances inflammatory response and inhibits effect
of antioxidant in RAW 264.7 cells, Bioelectromagnetics, 38
(2017), nr 5, 374-385, doi: 10.1002/bem.22049

Hrncir K., Biomag Lumina, Pulsed magnetic therapy device:
Operating instructions, Chomutice: BIOMAG, REV Ga 18/05
ICNIRP, Guidelines for limiting exposure to time-varying
electric, magnetic and electromagnetic fields (up to 300 GHz),
Health Physics, 74 (1998), nr 4, 494-522

Karipidis K. K., Measurement of residential power
frequency magnetic fields, Australian Radiation Protection and
Nuclear Safety Agency, Technical Report, 134 (2002), 2-26
Psenakova Z., The influence of the electromagnetic field
on the human body with a focus on the human head, PhD
thesis, 2007, University of Zilina

IT'IS Swiss, The Foundation for Research on Information
Technologies in Society, Dielectric properties of biological
tissues, available online (accessed: 03.10.2022):
https://itis.swiss/virtual-population/tissue-
properties/database/dielectric-properties/

Murawski P., Krawczyk A., Kowalski A., Kalicki
B., Mroz J., Ilwaniszczuk A., tada-Tondyra E., A
new approach to the design of devices used in therapy
electromagnetic field, Przeglad Elektrotechniczny, 91 (2015),
nr 12, 170-172, doi:10.15199/48.2015.12.43

Poljak D., Sesnic S., Cavka D., Titlic M., Mihalj
M., The human body exposed to a magnetotherapy device
magnetic field, Modelling in Medicine and Biology, WIT Press,
8 (2009), nr 13, 203-211, doi: 10.2495/BI0090191

Furuhata H., Electromagnetic Interferences of Electric
Medical Equipment from Hand-held Radiocommunication
Equipment, Intl. Symp. Electromagnetic Compatibility, (1999),
468-71

Mariappan P. M., Raghavan D. R., Aleem S. H.
E. A., Zobaa A.F., Effects of electromagnetic interference
on the functional usage of medical equipment by 2G/3G/4G
cellular phones: A review, Journal of Advanced Research, 13
(2016), nr 7 (5), 727-738, doi: 10.1016/j.jare.2016.04.004
Badizadegan N. D., Greenberg S., Lawrence H.,

(24]

(25]

(26]

[27]

(28]

[29]

(30]

(31]

[32]

(33]

[34]

[33]

(36]

[37]

Badizadegan K., Radiofrequency Interference in the
Clinical Laboratory: Case Report and Review of the Literature,
American Journal of Clinical Pathology, 151 (2019), nr 5, 522-
528, doi: 10.1093/ajcp/aqy174

ICNIRP, Guidelines (2010) for limiting exposure to time-
varying electric and magnetic fields (1HZ — 100 kHZ), Health

physics, 99 (2010), nr. 6, 818-836, doi:
10.1097/HP.0b013e3181f06c86
Belyaev |., Dean A., Eger H., Hubmann G.,

Jandrisovits R., et al., EUROPAEM EMF Guideline
2016 for the prevention, diagnosis and treatment of EMF-
related health problems and illnesses, Reviews on
Environmental Health, 31 (2016), nr 3, 363-397, doi:
10.1515/reveh-2016-0011

Carpenter D.O., Sage C., Key scientific evidence and
public health policy recommendations. A Rationale for
Biologically-based =~ Public  Exposure  Standards  for
Electromagnetic Fields, (2007), available online (accessed:
11.11.2022): https://bioinitiative.org/wp344content/uploads/pdf
s/sec24_2007_Key_Scientific_Studies.pdf

Tavakoli H., Heidarpanah A., Designing a circular coil
of repetitive transcranial magnetic stimulation at frequencies of
0.5 and 1 Hz using CST studio suite software and comparison
of results with theoretical calculations, Biomed Biotechnol Res
J 6 (2022), 382-6, doi: 10.4103/bbrj.bbrj_174_22

Kanje M., Rusovan A., Sisken B., Lundborg G.,
Pretreatment of Rats with Pulsed Electromagnetic Fields

Enhances Regeneration of the Sciatic Nerve,
Bioelectromagnetics, 14 (1993), nr 4, 353-359, doi:
10.1002/bem.2250140407

Thomas W., Kavaliers M., Prato F. S.,

Ossenkopp K. P., Antinociceptive Effects of a Pulsed
Magnetic Field in the Land Snail, Cepaea nemoralis,

Neuroscience Letters, 222 (1997), nr 2, 107-110, doi:
10.1016/s0304-3940(97)13359-6

Dorokhov V. B., Tkachenko O. N., Sakharov D.
S., Arsenyev G. N., Taranov A. O., Effects of

Exposure to Weak Ultra Low Frequency Electromagnetic
Fields on the Structure of Daytime Sleep, Neuroscience and
Behavioral ~ Physiology, 51 (2021), 1211-1215, doi:
10.1007/s11055-021-01181-4

IARC, Non-lonizing Radiation, Part 1: Static and Extremely
Low-Frequency (ELF) Electric and Magnetic Fields, IARC
Monographs on the Evaluation of Carcinogenic Risks Humans,
Lyon, France, IARC Press, 80 (2002), 1-395

Manikonda P. K., Rajenda P., Devendranath D.,
Gunasekaran B., Channakeshava, Aradhya S. R.,
Sashidhar R. B., Subramanyam C., Extremely low
frequency magnetic fields induce oxidative stress in rat brain,
General physiology and biophysics, 33 (2014), nr 1, 81-90,
doi: 10.4149/gpb_2013059

Pedersen, C., Poulsen, A.H., Rod, N.H., Rod,
N.H., Frei, P., et al., Occupational exposure to
extremely low-frequency magnetic fields and risk for central
nervous system disease: an update of a Danish cohort study
among utility workers, International Archives Occupational and

Environmental  Health, 90 (2017), 619-628, doi:
10.1007/s00420-017-1224-0
Radil R., Barabas J., Janousek L., Bereta M.,

Frequency Dependent Alterations of S. Cerevisiae Proliferation
Due to LF EMF Exposure, Advances in Electrical and
Electronic Engineering, 18 (2020), nr 2, 99-106, doi:
10.15598/aeee.v18i2.3461

Sladicekova K., Bereta M., Misek J., Parizek D.,
Jakus J., Biological effects of a low-frequency
electromagnetic fields on yeast cells of the genus
Saccharomyces Cerevisiae, Acta Medica Martiniana, 21
(2021), nr 2, 34-41, doi: 10.2478/acm-2021-0006

Zastko L., Makinistian L., Tvarozna A., Ferreyra
F. L., Belyaev |., Mapping of static magnetic fields near
the surface of mobile phones, Scientific Reports, 11 (2021),
doi: 10.1038/s41598-021-98083-9

Makinistian L., Zastko L., Tvarozna A., Dias L.
E., Belyaev 1., Static magnetic fields from earphones:
Detailed measurements plus some open questions,
Environmental Research, 214 (2022), Part 2, doi:
10.1016/j.envres.2022.113907

79



