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ABSTRACT

treat patients.

Effect of Electromagnetic Field on Living Structures: Electromagnetic fields can be
generated by living structures. The influence of electric and magnetic fields can restore
interactions within these structures. Electromagnetic radiation (EMR) and its effects
can cause damage in the processes of living structures.

Diagnostics and Therapy: Electromagnetic fields are widely used in diagnostics and
treatment areas. For example, MRI (Magnetic Resonance Imaging) devices use
electromagnetic fields to correct abnormalities and identify changes in the body.
Electromagnetic therapy, on the other hand, uses infrared radiation and radiowaves to

Importance: Electromagnetic fields affect living structures and have the potential to be
used in diagnostics and treatment. Through these methods, various diseases and
conditions in the body can be identified and treated.
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Main Section

Electromagnetic fields (EM) are becoming
increasingly important in healthcare. Main
applications are based on the direct interaction
of EM or on delivering energy for therapeutic
purposes, such as stimulating nerve and
muscle cells or obtaining diagnostic
information through techniques like MRI or
Transcranial Magnetic Stimulation (TMS).
New applications are emerging for monitoring,
targeting, tracking, and navigating by
transmitting information through electronic
implants and endoscopic capsules or
delivering magnetic sources like magnetic
nanoparticles to tissues. Such intracorporeal
EM sources expose tissues directly, with field
amplitude decreasing with distance.

Magnetic fields and EM are widely used in
medicine (Figure 1), whereas the use of electric

fields plays a smaller role. They are mainly
limited to capacitive applicators in strong
electric fields for diathermy or destruction and
cutting of tissues, and by RF surgery devices for
delivering spark discharges to tissue surfaces
for cancer treatment.

The use of high-amplitude intracorporeal
electric fields for applications such as
electroporation of cell membranes to
introduce drugs or nucleic acids into cells,
directed with electrodes, are not discussed
here. Similarly, surface electrodes for nerve
and muscle cell stimulation in diagnostic and
therapeutic  applications or functional
stimulation are excluded. Surgical devices (e.g.,
RF) are only discussed in relation to their stray
fields, not their intentional use for cutting,
coagulating, or ablating tissues.
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Magnetic  Resonance  Imaging  (MRI),
diathermy, magnetic navigation and tracking,
capsule endoscopy, magnetic therapy,
transcranial magnetic fields (TMS),
electromagnetic fields (EMF), and microwaves
(MW) applications in medicine.
Electromedical Devices: It is clear that
electromedical devices can intentionally
expose patients to EM, like in diathermy or
MRI. Electromedical devices can also
inadvertently expose patients or staff to stray
EM fields from surgical devices, telemetric data
transmission from implants, or by the physical
nature of the materials used, such as magnetic
nanoparticles.

Heat Therapy

Heat therapy, also known as thermotherapy,
involves applying heat to the body from
various sources, including electric heating
pads, blankets, and mattresses or low-
temperature infrared cabins for medical use.

Heating Blankets: Due to the proximity of
patients to the wires in electric heating
blankets, local magnetic field exposure is
significant but decreases rapidly with distance
and varies with the arrangement of heating
wires. The lowest magnetic fields are produced
by bifilar wound filaments, while
conventionally meander-like wires produce
higher fields. Measured magnetic induction
values remain low due to the large sensing area
of about 100 cm? even under current
regulations. Electronic power control of
devices results in complex frequency spectra,
including harmonics beyond the network
frequency. The combined frequency spectrum
resulted in an equivalent induction of 0.6 pT at
50 Hz. Consequently, the induced current
density in the central nervous system remains
low, making up about 8% of the ICNIRP basic
restriction.

Distribution of induced intracorporeal current
density by a heating blanket. (Data from
Leitgeb, N. 2010. Safety of Electromedical
Devices. Law-Risks-Opportunities. Vienna,
Austria: Springer. With permission).

Sinus Fields

Devices are equipped with Helmholtz coils
producing uniform magnetic fields or integrated
flat coil cushions and mattresses producing very
inhomogeneous alternating current (AC)
magnetic fields. The applied frequency range is
1 Hz-1 kHz, and the amplitudes usually fall
below the exposure guidelines limits (ICNIRP
1998) from a few nT to approximately 100 pT.
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An exception is devices for treating wounds and
bone fractures, where magnetic induction can
reach several milliteslas. Due to the rapid
decline of magnetic fields with distance,
determining the exposure parameter for
integrated flat coil cushions and mattresses is
challenging. Different parts of the body are
affected entirely differently. Therefore, if a dose-
dependent therapeutic effect occurs, it is
unclear whether the necessary therapeutic
conditions can be achieved in the targeted area
and maintained long enough during the
expected treatment duration, given the patient's
movements (each session lasting about 30
minutes).

Pulsed Fields

Scientific studies have proven the validity of
treatment with electric stimulation. Clinically,
three types of technologies produce
intracorporeal electric signals: (1) contact
currents, (2) capacitive coupling, and (3)
inductive coupling (Gan and Glazer 2006).
Inductive coupling through pulsed magnetic
therapy (PMT), also called pulsed
electromagnetic therapy (PEM), is often used in
orthopedics to treat non-union fractures or
failed fusions (pseudarthrosis).

| r(

I ==

e T2 N
e )| (Ese o)) (e o> |
—_— = —_—

‘\\//n\\//n\\//'

Distribution of inhomogeneous AC magnetic
field created by three flat coils integrated into a
magnetic mattress. A series of magnetic pulses
produce electric fields that stimulate bone
healing (e.g., 72 mT, 50 Hz). Several FDA-
approved PEM stimulators are widely available
for patient use. These devices are believed to aid
bone growth and healing (Grana, Marcos, and
Kokubu 2008). The effectiveness of PEM in
treating osteoarthritis has been studied with
varying results. A meta-analysis concluded that
pulsed EM improves clinical outcomes and
function in patients with knee osteoarthritis and
should be considered adjunctive therapy in
managing osteoarthritis (Vavken et al. 2009).
Study Example

In a study involving 57 cases of tibial
pseudarthrosis, 22 were treated surgically
combined with PEM. Of the PEM-treated group
(22), 20 fractures (91%) healed, and two (9%)
did not. Of the non-PEM treated group (35), 29
(83%) healed, and six (17%) did not. PMT was

considered clinically significant in terms of
healing and union time (Cebrian et al. 2010).
Studies also examined PEM's effectiveness in
treating soft tissue wounds, suppressing
inflammatory reactions at the cellular
membrane level to relieve pain, and increasing
the range of motion. Pieber, Herceg, and
Paternostro-Sluga (2010) reported on two
small and three large studies describing the
analgesic benefits of PEM treatment, although
no beneficial effects were found in the large
study. Kroeling et al. (2009) indicated that PEM
methods might be more effective than placebo
in treating neck pain but are not compared to
other interventions.
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