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ABSTRACT

BACKGROUND: Magnetic stimulation, a form of magnetotherapy using pulsed magnetic fields with high biological effect
intensity, represents a promising therapeutic direction in pediatric practice.

AIM: To provide comprehensive insight into the therapeutic potential of magnetic stimulation and present a relevant clinical
case.

MATERIALS AND METHODS: The study reviews materials on magnetic stimulation as a critical component of physical therapy
and rehabilitation for pediatric patients.

RESULTS: Magnetic stimulation demonstrates pronounced neuromuscular stimulation effects, along with analgesic,
trophic, and anti-edematous actions. Differentiating between various magnetotherapy modalities is crucial, with specific
techniques tailored to clinical objectives. The main biophysical advantages of magnetic stimulation are noted. Unlike variable
magnetotherapy, magnetic stimulation produces audible clicking sounds during the procedure (click = stimulus), perceived
by the patient as distinct muscle contractions or comfortable vibrations, depending on the applied frequency. Frequency is
a critical parameter that must be individualized. In physiotherapy, pulsed magnetic fields at frequencies up to 20 Hz elicit
the most significant responses. Lower frequencies predominantly stimulate, while higher frequencies provide analgesic and
microcirculatory effects.

CONCLUSION: Peripheral magnetic stimulation, due to its proven efficacy and excellent tolerance, is the physiotherapeutic
method of choice in neuro- and orthopedic practice. It effectively addresses joint and spine diseases associated with
inflammation or muscle spasm, nerve fiber injuries with pain syndrome, chronic pelvic pain, and urinary disorders. Its safety
and effectiveness make peripheral magnetic stimulation a highly promising tool for pediatric practice, as demonstrated by the
clinical case presented.

Keywords: magnetic stimulation; pulsed magnetic field; magnetotherapy; back pain; scoliosis; kyphosis; rehabilitation;
physiotherapy.
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AHHOTALMA

AKTyanbHoCcTb. MarHuTHas CTUMyNALMS ABNSETCA PasHOBUAHOCTBIO MarHWTOTEpanuu, NpW KOTOPOI NPOUCXOAUT BO3LEN-
CTBME MMNYNIbCHBIM MarHUTHBIM MoneM, 061aaaloWmMM HanbonbLUe MHTEHCMBHOCTLIO Bronornyeckoro addexTa, nepcnex-
TUBHBIM HarnpaB/iEHWEM CUMTAETCS €ro NpPUMEHEHME B LETCKOM MPaKTUKe.

Llenb uccnepoBanus — npegocraeeHne HeobxoauMoro 06bEMa 3HaHUNA 0 BO3MOKHOCTAX UCMOb30BaHUA MarHUTHOM CTU-
MyNSLMK B NIe4eBHOI NpaKTHKE M ONMcaHWe KITMHUYECKOro Ciyyas.

Martepuanbl u MeToabl. 0600LLEHbI MaTepUanbl N0 METOAY MarHUTHOM CTUMYNALMW KaK OJHOM U3 BaXKHbIX COCTaBNSAIOLLMX
u3nuecKoii Tepanum U peabunutaLmm NaLveHToB.

Pesynbtatbl. MarHuTHas CTUMyNALMSA XapaKTEpU3YETCA BbIPaXEHHBbIM HEMPOMMOCTUMYIUPYIOLLMM 3DGEKTOM, a TaKKe
06e3605MBalOLLMM, TPOPUYECKUM U MPOTMBOOTEYHBIM AencTusMU. CnepyeT auddepeHUMpoBaTh pasHble MOAANIBHOCTY
MarHuToTepanuu 1 BblbupaTtb KOHKPETHYI0 METOAMKY, UCX0AA U3 KIIMHMYecKoW 3apayu. OTMeueHbl OCHOBHbIE Buoduamnue-
CKVe NpenMyLLEeCTBA METOAA MarHUTHOM CTUMYNALMK. B 0TiMume oT nepeMeHHON MarHUTOTepanuu, MarHUTHYI0 CTUMYNALMIO
BO BpeMs NpoLieAypbl NaLMEHT XOPOLLO CNbILIKT B BUAE MOLUENKUBAHWA (LLENYOK = CTUMYN) U OLLYLLAET KaK OTYETIMBOE
COKpALLEHME MbILLLLbI UM KOM(OPTHY0 BUOpaLWIO B 3aBUCUMOCTY OT YacToThbl BO3AEHCTBUA. BayHbIM NapamMeTpoM, KOTOpbIN
HY}KHO NMOAOMPaTh «Moj, NauMeHTa» U Npu HeobX0AMMOCTU U3MEHATb, ABNSETCS YacToTa. B ¢pusnoTepaneBTUYECKOI NPaKTUKe
CUMTaeTCs, YTO 0COBEHHO BbIPaXKEHbl OTBETHbIE PeaKLMW NpW BO3LENCTBAM UMMYNbCHBIM MarHUTHBIM MOJIEM MpK YacToTe
10 20 l'u, npu 3ToM 6osee HU3KWe YacToTbl 0611aKa0T B DobLUEl CTENeHW CTUMYAMPYIOLLMM 3P EKTOM, B TO BPeMs Kak bo-
nee BbICOKME YacToTbl — 06€3060/1MBaIOLLMM Y MUKPOLMPKYNIATOPHBIM.

3aknioueHue. Bcnepactsue foKa3aHHON 3QHEKTMBHOCTM M XOPOLLIEW NEPEHOCMMOCTM Nepudepruyeckas MarHuTHas CTUMyNS-
uus sBnsetcs ¢pM3noTepaneBTMHECKUM METOA0M BbiOopa B HEMPO- W OPTONEAMYECKON NpaKTUKe Npu 3a00N1eBaHNUAX CyCTaBOB
1 NO3BOHOYHMKA, CBA3AHHBIX C BOCMANEHMEM W MbILIEYHbIM CNa3MOM, NOpaXKEHUsSX HEPBHbIX BOMOKOH ¢ 60/1eBbIM CUHAPO-
MOM, XPOHWYECKOM Ta30BOM B0AM M HapylieHWsx ModencnycKaHus. Bcneacteue foKa3aHHOM 3QQEKTMBHOCTM M XOpOLLEN
nepeHoCUMOCTH MeTof, NepUdepuyecKoi MarHUTHOM CTUMYNIAILMKM UMEET LUMPOKUE NEPCTEKTUBLI MPUMEHEHNS B NeauaTpuye-
CKOM NMPaKTUKE, YTO MOXHO NPOCeauUTb Ha NpUMepe NPeACTaBNEHHOT0 KIMHUYECKOTO CNyYas.

KnioueBble cnoBa: MarHuTHas CTUMyNALMS; UMNYIbCHOE MarHUTHOE MoJie; MarHUToTepanus; 6oib B CrIMHE; CKONNO3;
Kndo3; peabunutaums; pusmnotepanms.
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BACKGROUND

Magnetotherapy and Magnetic Stimulation

Therapeutic effects of magnetic fields have been known
to mankind since ancient times; the history of magnet use
in medicine goes back centuries. The phenomena of mag-
netism, i.e. attraction and repulsion of poles, were actively
used by healers in ancient times and the Middle Ages. In
China, doctors applied magnetic stones to certain points on
the patient’s body; the Swiss alchemist and physician Para-
celsus widely used magnets to treat inflammation, seizures,
and bleeding. It can be assumed that he was the first one
who began to use systematically different poles of a magnet
as a cure; even now a wide range of magnetic products is
offered throughout the world, including belts, insoles, and
bracelets. Like in ancient times, such accessories are made
of ferromagnets, i.e. objects that have their own magnetic
field (magnetism). The efficacy of such products tends to a
minimum as human tissues have a very low susceptibility to
a static magnetic field. Thus, there is no scientific evidence to
recommend its use for the treatment of any diseases.

A different effect is observed when a flow of current is
passed through a ferromagnet with high magnetic permea-
bility. In this case, a magnetic field is created with the lines
of flux surrounding the trajectory of the moving charge [1].
Therefore, the magnetic field is a special matter that helps
moving charges to connect and interact [2]. The magnetic flux
direction depends on the current direction. When using direct
current, a constant magnetic field (CMF, a field with constant
direction, i.e. it does not change its magnitude or direction
over time) is generated; when using alternating current, an
alternating magnetic field (AMF, a field with variable direc-
tion, i.e. it changes its magnitude and direction over time) is
generated and its frequency is determined by the frequency
of the current supplying it. Pulsating magnetic field generated
by passing a pulsating current changes its magnitude over
time, but it has a constant direction. In clinical practice, all
three types of magnetic fields (constant, alternating, and pul-
sating [either continuous or intermittent]) are used in therapy
and prevention. In this case, an intermittent magnetic field is
a concept identical to a pulsed magnetic field (PMF)—when
a magnetic pulse (stimulus) with a certain peak power stim-
ulates an object—while the PMF can have a different shape
(sinusoidal, rectangular, exponential, etc.) [2].

In Russian physiotherapeutic practice, all types of mag-
netic fields are traditionally used. What are their differences?
Any magnetic field causes physical and chemical molecu-
lar shifts in tissues, with a constant field inducing current
in moving liquid media (e.g. blood flowing through blood
vessels); whereas an alternating and pulsed fields primarily
affect resting biological objects, leading to a change in the
electrical charges in and around membranes [1, 3]. Howev-
er, the intensity of biological effect increases from CMF to
AMF and PMF. Alternating and pulsed magnetic fields usually
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promote more persistent and pronounced changes, stimu-
late, and enhance metabolism in tissues.

In general, magnetotherapy has a very impressive evidence
base for use in a wide range of musculoskeletal and neuro-
logical diseases in both Russian and international practice. This
is confirmed by the steadily growing interest of researchers
and the increased number of publications in literature, which
can be analyzed by the statistics in the international citation
database PubMed: since 1966, when the first article was
published, their number has increased by 2,000 times.

However, traditionally it has been the case that when
referring a patient for magnetotherapy, the doctor means
exposure to a low-frequency alternating magnetic field.
Meanwhile, it is required to distinguish between the capa-
bilities and indications for different methods. Alternating
magnetotherapy has a gentle effect, a moderate analgesic
effect, trophic and decongestion effects [4]. Low-frequency
AMF is used for coronary heart disease, vascular diseases,
inflammatory diseases of internal organs, bone fractures,
skin diseases, and ENT organs [5, 6]. When exposed to an
alternating magnetic field, most patients do not experience
any sensations as the skin receptors are not irritated and the
field does not generate much endogenous heat.

Among other magnetic field-based methods, pulsed
magnetotherapy or magnetic stimulation (MS) has the most
pronounced biological effects. Researchers’ interest in the
effects of MS has been actively developing since the mid-
20th century. In 1965, at a medical electronics and biologic
engineering conference in Tokyo, Bickford et al. presented
their data on the stimulation of a peripheral nerve and sub-
sequent muscle contraction in animals and humans using
a high-frequency pulsed magnetic field, proving that the
magnetic field primarily stimulates nervous tissues [7]. The
experiment was subsequently reproduced many times using
an electromyograph allowing to record muscle response to
nerve stimulation and to identify the special mechanism of
action of peripheral MS [8, 91.

The magnetic stimulus causes indirect secondary depo-
larization of the nerve membrane due to the resulting poten-
tial difference, activates the motor end plate, and promotes
muscle contraction. In this case, nerve fibers (axons) are ac-
tivated first and followed by cells (neurons). In the premises,
MS stimulates nervous and muscle tissues, which is widely
used in clinical practice for the rehabilitation in movement
disorders associated with limb paresis, post-traumatic and
post-operative decrease in functional muscle strength [9, 10].
The effect of MP on the neuromuscular system is manifested
in increased muscular performance, including conditions of
local and general fatigue. An intense pulsed magnetic field
inducing eddy currents in tissues at a depth of 4—6 cm causes
selective contraction of both skeletal and smooth muscles
and internal organs.

In general, pulsed magnetotherapy is a non-pharmaceu-
tical therapy most popular in neuro- and orthopedic reha-
bilitation. The reason is definitely the pronounced analgesic
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effect associated with a dual mechanism of action [11]. First,
MS has a vasoactive and anti-inflammatory effect due to the
improved rheological blood properties and microcirculation
and the inhibition of pro-inflammatory enzymes and peptides,
mostly manifested at exposure of less than 0.8 T. Second,
magnetic pulses suppress the sensory pain signal traveling
to the posterior horns of the spinal cord via A6- and C-fibers,
preventing the central sensitization and activating the pain
gate control system. Thus, the analgesic effect is present-
ed in various pain syndromes associated with inflammation
(spondyloarthritis, articular syndrome, myositis, acute and
chronic back pain, and cervicocranialgia) and damage to
nerve fibers with a neuropathic component (painful polyneu-
ropathy, plexopathy, tunnel syndromes, complex regional
pain syndrome, and chronic pelvic pain) [10-14].

It is interesting that even in cases of central pain syn-
drome (fibromyalgia, central post-stroke pain, and phantom
limb pain), peripheral MS has a therapeutic effect. Some
studies of cortical structure response to peripheral stimula-
tion showed that MS promotes the enhanced neuroplasticity,
cerebral blood flow, increased intracortical integration, and
improved excitability in the cerebral cortex [10, 15, 16].

Today, the efficacy of magnetic stimulation has been stud-
ied and demonstrated in multiple clinical studies, including
those of a very high methodological quality, i.e. randomized,
double-blinded, and placebo-controlled studies. In particular, it
has been shown that the efficacy (pain relief) of pulsed magne-
totherapy is comparable with transcutaneous electrical stim-
ulation (TES) after a course of treatment, but significantly sur-
passes TES and placebo in the long term (at 1 and 3 months)
in patients with acute and chronic back pain localized in the
cervical and lumbosacral spine [17]. MS is distinguished by
its trace effect; after a single exposure, the body or individual
system reactions persist for 1-6 days and for 30-45 days af-
ter a course of treatment. Thus, noticeable physiological and
therapeutic effects of the magnetic field are observed after
multiple exposure, but the resulting effect lasts for several
months, thus distinguishing this method from electrotherapy.

The studies of peripheral magnetic stimulation in chronic
pelvic pain (CPP) syndrome are promising. Kim et al. high-
light a significant reduction of prostatic CPP with perineal
MS in patients with a history of three months of ineffective
pharmacotherapy [18]. Patients with painful bladder syn-
drome and pudendal neuralgia showed similar outcomes
when exposed to pulsed magnetotherapy in the region of
sacral nerve roots [19, 20]. It is noteworthy that MS works
both for CPP and urination disorders, including overactive
bladder syndrome, where the most effective frequency is
5 Hz [21]. Clinical practice and research significantly expand
the therapeutic niches of magnetic stimulation in urology and
gynecology, expanding the scope of management options for
complex cases resistant to basic pharmacotherapy [22-25].

One can say that magnetic stimulation with its diverse
effect on the body can replace some other physical thera-
pies. It is important to consider the technical aspects. The
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peripheral MS device must have a high output power (34 T)
to ensure peak stimulus intensity, which, however, should be
flexibly and manually adjusted for personalized selection of
parameters. It should be noted that, unlike alternating mag-
netotherapy, the patient hears MS exposure well as a clicking
sound (a click means a stimulus) and feels it as a distinct
muscle contraction or a comfortable vibration depending on
the frequency. Thus, frequency is the second important pa-
rameter that should be individually selected for the patient
and adjusted, if necessary. In physiotherapeutic practice, it
is believed that responses are particularly pronounced at the
pulsed magnetic field frequency of up to 20 Hz, with low-
er frequencies having a greater stimulating effect; whereas
higher frequencies have an analgesic and microcirculatory
effect. Due to the wide range of indications for MS and its
proven efficacy, it is convenient both to create personalized
stimulation programs and use default protocols of the device
based on data from published studies to improve the opera-
tor’s work and therapeutic effect.

In addition, the magnetic stimulation method has the fol-
lowing main biophysical benefits [23]:

MS freely penetrates all tissues without pulse attenu-
ation and significant loss of electric field strength induced
by the magnetic inductor, comfortably stimulating the region
surrounded by bone tissue and deep structures (spinal cord
roots, brachial plexus, sciatic and femoral nerves, etc.) with-
out pain, unlike, for example, electrical stimulation;

MS does not require special preparation of the skin or
full physical contact with it, i.e. the effect is achieved even
at a distance of several tens of millimeters of the stimulated
surface from the inductor, which is extremely important if the
integrity of the skin is violated;

During the MS session, there is no need to remove cloth-
ing thus ensuring comfort and compliance when stimulating
the genital area (e.g. the pelvic floor and perineum).

Magnetotherapy is one of the most gentle and comfort-
able stimulation methods; it is easily tolerated, does not pro-
mote any unpleasant subjective sensations and general reac-
tions, and combines well with some other physical factors.
All of these things allow for the wide use of magnetotherapy
in patients of various ages, from children (from 1.5 years)
to the elderly population with a wide range of indications,
including severe comorbidities as MS has a few contraindi-
cations, including metal implants made of ferromagnets or
electronic devices used to control the physiological functions
of the body in close proximity to the inductor.

As the MS has a proven efficacy and good tolerability, the
peripheral magnetic stimulation has broad prospects for use
in pediatric practice, which can be illustrated by the following
clinical report.

CLINICAL REPORT

Patient V., 14 years of age. The patient reported a sever-
al-year history of back pain, which had recently been getting
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worse (the average pain level is 50-60 mm with occasional
worsening to 80 mm on the Visual Analog Scale [VAS]). The
patient had nagging and squeezing pain localized paraver-
tebrally along the spine in the thoracic and lumbar regions.
The pain significantly limited the patient’s daily activity and
intensified in a sitting position and when walking a distance
of more than 800-1,000 m.

The examination revealed a severe postural abnormality,
thoracic and lumbar kyphoscoliosis (see Fig. 1). Palpation
reveals tension and pain in the paravertebral muscles, more
pronounced on the left side.

The family history is significant due to the mother's dys-
plastic scoliosis; she had a transpedicular spine fixation sys-
tem installed at the age of 17.

A general spine X-ray shows a deformation of the tho-
racic and lumbar spine (S-shaped kyphoscoliosis with torsion
of the vertebrae).

Diagnosis: Postural abnormality. Grade 3 dysplastic ky-
phoscoliosis of the thoracic and lumbar spine. Vertebrogenic
pain syndrome. Myotonic syndrome.

The patient had several courses of rehabilitation, includ-
ing therapeutic exercises, physiotherapy (alternating magne-
totherapy, low-intensity laser therapy). He noted that the pain
interfered with physical exercise and physiotherapy reduced
the pain. However, the effect was unstable, regressing at
1-2 weeks post-rehabilitation. The patient was referred to
the National Medical Research Center for Traumatology and
Orthopedics, where a reconstructive and stabilizing operation
was recommended.

Given the severe pain syndrome, impaired support abil-
ity, and reactive muscle spasm, during the preoperative
preparation (the operation was scheduled in 3-4 months),
the patient was prescribed peripheral paravertebral mag-
netic stimulation on both sides of the thoracic and lumbar
spine (10 Hz, 5 s pulse, 3 s pause; total session duration:
20 min; 4 points of action) in a course of 10 sessions every
other day.

During the follow-up period, the patient noted that the
pain reduced at the 3rd session, the average VAS score was
20-30 mm after the course of treatment with the highest
severity of no more than 40 mm, and long pain-free intervals.
The patient reported that after the course of treatment he
could sit for a long time (‘| was able to sit through a movie
with friends for 2 hours for the first time ever”). When as-
sessed at 1 and 2 months after the peripheral MS course, a
trace effect and a long-term effect were maintained, the VAS
score for pain was 30-40 mm.

CONCLUSION

Magnetic stimulation (MS) is a type of magnetotherapy
involving exposure to a pulsed magnetic field with the highest
biological effect. MS stimulates nervous and muscle tissues
and has analgesic, trophic, and decongestion effects. It is
required to differentiate between various magnetotherapy
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Fig. 1. The patient’s appearance from behind during examination.

modes and select a specific technique based on the clinical
case. MS is the physiotherapeutic method of choice in neuro-
and orthopedic practice for diseases of the joints and spine
associated with inflammation and muscle spasm, damage to
nerve fibers with pain syndrome, chronic pelvic pain, and uri-
nation disorders. As the MS has a proven efficacy and good
tolerability, the peripheral MS has broad prospects for use in
pediatric practice, which can be illustrated by the presented
clinical report.
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AOMO/THUTENNbHAAA UHOOPMALIUA

WUctounnk c¢uHaHcupoBaHua. ViccnenoBaHue npoBefieHo
Ha JIMYHble CPEICTBA aBTOPCKOrO KOMMEKTMBA.

KoHdnukT uHTepecoB. ABTOpPbl [leKIapupylT OTCYTCTBUE
ABHbIX W NOTEHUMANbHbIX KOHQMMKTOB WHTEPECOB, CBSA3aHHbIX
C NPOBEAEHHBIM UCCNEfOBaHWEM U MyDAMKALMEN HACTOALLEN
CTaTby.

Bknap, aBTOpOB. Bce aBTOpLI NOATBEPX/AIOT COOTBETCTBUE CBOET0
aBTOPCTBA MEXyHapo/aHbIM KpuTepusm ICMJE (Bce aBTOpLI BHECM
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CYLLECTBEHHBIM BKAL B pa3paboTKy KOHLUENUMW, npoBefeHue
WCCNeaoBaHWA W MOATOTOBKY CTaTbW, MPOYAM WM 0R0bpunm
GuHanbHylo Bepcuio nepef NybnvKauwei). Hanbonblumid BKNag
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