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HEFIPO]éHOJIOFH‘IECKHE MEXAHM3MbI TPAHCKPAHUAJIBHOM
MATHUTHOHU CTUMYJISIHUUA U EE CPABHUTEJIBHAA 3OP®EKTUBHOCTD
P I'OJIOBHOM BOJIA HANIPSI)KEHHS U MUTPEHUA
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OI'BOY BO MockoBckuii rocy1apCTBEHHbIN MEIUKO-CTOMATOJIOTMYECKUN YHUBEPCUTET
nmenn A.U. EBnokumoBa Mun3zapasa Poccuu, Mocksa, Poccust (1)
@®I'bHY HayuHo-uccnenoBaTeabCKUil HHCTUTYT HOPMaJIbHOU (PU3HOIIOTHI
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OnnuM n3 He(hapMaKOJOTMYECKUX METOJIOB BO3/ICHCTBUS HA LIEHTPAJIbHYIO HEPBHYIO CHCTE-
My SIBJIsI€TCS TpaHCKpaHUabHas MarHuTHas crumyssauus (TMC) — noaxon, Mo3BONISIOLIMNA HEUH-
Ba3MBHO CTUMYJHUPOBaTh KOpPY rojoBHOro Mo3sra. Ilpu 3ToM mcnosnb3yercss ciocoOHOCTh MarHuT-
HBIX IIOJIEH TIPOHMKATh Y€pe3 KOCTHBIE M MBIIICUHbIE CTPYKTYpbl. MHAYIMpOBAaHHOE MarHUTHOE
0JI€ JIENOJSIpU3yeT MeMOpaHy HEMpOHa, M BOSHUKAIOLIUI MOTEHLIMAN JEMCTBUS PaCpOCTpaHsIETCs
0 MPOBOAALINM IyTsiM. B 00630pe ananmzupyrotcs a3pdextsr buodpusndeckoro Bozaeictaust TMC,
a TaKKe HeWpOHHbIE, UMMYHHBIE, MeauaTopHble U Makpod(pdexktel TMC. Yka3piBatoTCs OCHOBHBIE
NpOTUBOIIOKa3aHus U nobounsle 3¢ ¢exTsl npoenenus TMC. Hedapmakonoruyeckoe JieueHue
ronoBHoi Oonmum Hampspkenus ('BH) m MurpeHn siBiseTCs MEpCIEKTHBHBIM HAIpaBICHHEM, I10-
CKOJIbKY PacCHpOCTPAaHEHHOCTh 3THX BHUJIOB IEPBUYHBIX T'OJIOBHBIX Ooueil cocraBiser 40-65 u 11-
22% coOoTBEeTCTBEHHO. B cTaTtbe paccMarpuBaeTcsi COBPEMEHHOE COCTOSIHAE UCCIIEOBAaHHMIA Pa3HBIX
pexuMoB U JumuTenbHOoCcTH TMC, a Takke Jiokaim3zanuu Bosaeictsus npu ['bH u murpenu. B no-
cliellHee BpeMsl BO3pacTaeT 4YHCIO JOKa3aTeJbHBIX PAaHAOMH3HPOBAHHBIX IUIale00-KOHTPO-
aupyembIx uccienoBanuil spdexruBHocTH TMC B sedenun murpeHu. Vimeercst 60JibIIoe 4uciio
pabor, mocBsmeHHbIx Bo3aeiictBuio TMC npu 'BH u miumiocTpupyronmx mosIoKUTenbHbIN 3¢ dexT
naHHOU mpoueaypsl. OTHAKO, YKCI0 00CIeI0BaHHBIX JOOPOBOJIBIIEB HE JOCTUTAET MAKCUMAIILHOTO
YPOBHSI I0Ka3aTEIbHOCTU. DKCIIEPUMEHTHI Ha JKUBOTHBIX, & TAaKXKE MPUMEHEHHE (PYHKIMOHAIbHBIX
METOZI0B HEMPOBU3YaAIN3allM1 BHOCAT BKJIAJ B TOHUMaHUe MexaHu3MoB BinsHus TMC. AkTuBHOE
y4acTue B TAKUX UCCIIEOBAHMIX (PU3HUOJIOTOB, HEHPO()HU3HUOIOroB M OMOPU3UKOB OyIET Croco0CT-
BOBaTh OIIEHKE 3P PeKTUBHOCTH HedapMmakonoruueckoro sedeHuss TMC y nmanueHToB ¢ 601eBbIM
CHUHJIPOMOM, YTO MO3BOJIUT MOBBICUTH PA0OOTOCIIOCOOHOCTH 1 KauecTBo ku3HU 1pu ['BH 1 murpenn.

Knrwoueswvie cnosa: mpanckpaHuanoHas MazHUMHAs CMUMYIAYUS, 20106HASL DOb HANPiCe-
HUSl, MUSPEHb, HeUpPOOUONIOCUYECKUE MEXAHUZMbL, OenpecCUs, UHMEHCUGHOCMb U Yacmoma Ooe-
8020 CUHOpOMA.
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Transcranial magnetic stimulation (TMS) is one of the nonpharmacological methods to af-
fect the central nervous system. This approach allows a noninvasive stimulation of the cerebral
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cortex. The method is based on the ability of magnetic fields to penetrate the bone and muscle
structures. The induced magnetic field depolarizes the neuronal membrane, and the generated ac-
tion potential propagates through the conducting pathways. In the review, the biophysical effects
of TMS, as well as its neural, immune, mediator and macro effects are analyzed. The main contra-
indications to TMS and its side effects are considered. Nonpharmacological treatment of tension
headache (TH) and migraine is a promising direction, since the incidence of these types of prima-
ry headaches reaches 40-65 and 11-22%, respectively. In the article the current state of study of
various modes and durations of TMS procedure, and the site of exposure in TH and migraine are
considered. In recent years there is noted an increase in the number of evidence-based random-
ized, placebo-controlled studies on the effectiveness of TMS in migraine therapy. Much attention
is given to evaluation of the effect of TMS in migraine. There is much evidence of the positive
effect of this procedure. However, the amount of examined volunteers does not provide the high-
est level of evidence. Experiments on animals and use of functional neurovisualization techniques
contribute to understanding of the mechanisms of TMS effect. Active participation of physiolo-
gists, neurophysiologists and biophysicists in these research works will permit evaluation of the
effectiveness of TMS in nonpharmacological treatment of patients with pain syndrome. This ap-
proach will improve the working capacity and quality of life in TH and migraine.

Keywords: transcranial magnetic stimulation, tension headache, migraine, neurobiological
mechanisms, depression, intensity and incidence of pain syndrome.

Physical and Physiological Aspects In magnetic stimulation different coils
of Transcranial Magnetic Stimulation are used. They differ in external and internal
Application diameter, number of turns, induction of

Despite a wide choice of pharmaceuti- magnetic and electric fields. Small-diameter
cal substances used in treatment for primary coils create high induction of magnetic field
headaches, tension headaches (TH) and mi- near the surface of skin which permits its
graine, development of new drug-free thera- effective use for stimulation of superficial
peutic means remains an important task. One nerves. Large-diameter coils are used for ef-
of such means is a transcranial magnetic fective stimulation of deep structures of the
stimulation (TMS) — a method that permits brain. Local stimulation is possible with use
non-invasive stimulation of the cortex. TMS of double coins [4].
was first proposed by A.T. Barker (1985) and TMS is used for electrical stimulation
nowadays is widely used worldwide [1]. of peripheral nerves. Here, of importance is

TMS is based on Michael Faraday’s the ability of magnetic fields to penetrate
concept of electromagnetic induction. In 1896 superficial anatomical structures and activate
Jacques-Arsene d’Arsonval for the first time tissues covered with skin, muscles and bony
applied magnetic field to humans and induced structures. Induced magnetic field depolariz-
phosphenes — visual sensations occurring in es the membrane of neuron, and the initiated
an individual without action of light on the action potential propagates through the con-
eyes. At present, the threshold of phosphene ducting pathways. TMS of the brain and pe-
is not only being studied as a reaction to ripheral nerves permits to trace the state of
TMS, but is considered one of criteria for dif- the motor areas in the cortex and provides a
ferential diagnosis of migraine with aura [2]. quantitative estimation of the extent of in-

Characteristics of electromagnetic field volvement of corticospinal motor pathways
for TMS depends on the form, size and design in hospital conditions. Disorders in the pro-
of electromagnetic coil and on its orientation cesses of conduction of excitation through
in relation to the head of a patient and on pa- the central structures of the spinal cord and
rameters of stimulation [3]. the brain are seen in different forms of pa-
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thology. Besides, TMS permits evaluation of
the cortical reactions after conduction
through a motor pathway [5,6].

An opposite task is realized by method
of navigation TMS of the brain ("nTMS) NBS
eXimia Nexstim based on stimulation of the
neurons of the brain by the alternating mag-
netic field with record of responses to stimu-
lation using electromyography. With precise
direction of a stimulus to a certain area of the
cortex and repeated stimulation it is possible
to obtain somatotopic mapping of the areas
responsible for motor activity.

Figure-eight coil is used for local stimu-
lation (with the accuracy up to 0.5 cm) of the
brain structures close to the scalp, such as cer-
ebral cortex and cerebellum. A magnetic coil
Is positioned tangentially to the scalp; this pro-
vides maximal stimulation of nervous struc-
tures in the areas oriented parallel to the cen-
tral segments of the coil. For magnetic stimula-
tion of larger areas round coils are used; use of
special H-coils permits stimulation of deep
structures of the brain (hippocampus, subcorti-
cal structures, brainstem) [4,6].

TMS may be performed by single and
paired stimuli, as well as by trains of impulses
(repeated, or rhythmic TMS — rTMS). Single
stimuli are used for mapping motor zones of
the cortex and for measurement of the time of
central conduction of motor response, and
paired stimuli are used in studying functional
relationships in the cortical areas. TMS by
trains of impulses is widely used for therapeu-
tic purposes; besides, application of regularly
repeated single impulses is used (the so called
standard, or «conventional» TMS), or pattern
TMS — pTMS [8].

Patterns of TMS are short series of
high-frequency impulses separated by
pauses. For example, «theta-volleys» are
applications of short volleys of impulses
(50 Hz) repeated at the frequency of theta
range (5 Hz) in continuous or intermittent
mode. Recently there have been formulated
new rules of use of TMS that suggest stim-
ulation of the same area of the brain with
impulses of different frequency and use of
bilateral procedures. Safe parameters of

stimulation are described in detail in spe-
cial manuals [9].

Biophysical effects of TMS include pri-
mary physical processes of interaction of mag-
netic field with particles of matter, electrons,
atoms, molecules. Charged particles of living
matter, ions and molecules that participate in
biophysical and biochemical processes, are
probable transmitters of signals of magnetic
field to the next biochemical level. Biophysical
mechanism of regulation of the functional ac-
tivity of proteins is realized with participation
of ions and transmitter molecules which leads
to shifts in metabolic processes and to magnet-
ic effects in molecules and neurons. Molecular
mechanisms are mediated by alteration of spin
in elementary reactions of radicals, ions and
triplet molecules. They may manifest them-
selves in the processes of transmission of elec-
trons through chains of cytochromes and in
coupled with them redox, phosphorylation and
enzymatic reactions, and in alterations of ex-
pressions of genes [10,11].

Effects of TMS on neurons are studied
with the help of TMS — electroencephalog-
raphy (EEG). It was shown that excitation
spreads through «hubs» of neurons where the
density of connections is higher than in the
surrounding nerve tissue [12]. Action poten-
tial initiated in the nerve cell by TMS im-
pulse, propagates along the axon and activates
numerous surrounding neurons of different
modalities across synapses [13].

With use of rhythmic stimulation
(rTMS) a series of impulses is generated at 1
to 100 Hz frequency in two basic modes: low-
frequency mode (less than 1 Hz) and high-
frequency mode (more than 5 Hz). Low-
frequency rTMS reduces excitability of neu-
rons with the result of inhibitory after-effect.
Conversely, high-frequency stimulation in-
creases excitability of nerve cells and produc-
es stimulating effect. Thus, TMS induces
short-term excitatory and inhibitory effects in
the brain. It is important that TMS may in-
duce both mentioned effects depending on its
intensity and duration. rTMS with > 5 Hz fre-
quency causes primarily excitatory effect and
that with 0.2-1 Hz frequency — inhibitory ef-
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fect [9]. However, it is not always so since the
character of neurophysiological shifts is
largely determined by the mode of stimula-
tion. There are also used «pattern» modes of
stimulation (intermittent or prolonged stimu-
lation with theta-volleys), when stimuli are
applied in the form of specific clusters. For
example, stimulation in the intermittent theta-
mode (2 sec of stimulation and 10 sec pause)
leads to increase in the excitability, while
continuous stimulation (40 sec) in the same
mode leads to reduction in excitability. Dura-
tion of the aftereffect of rTMS is proportional
to the stimulation time, the number of im-
pulses and repetition of sessions [9].

Effect of TMS at the cell level can be
explained by depolarization of the membrane
of cortical neurons under influence of induc-
tion electric field, by initiation of trans-
membrane ionic current and by generation of
action potential with subsequent synaptic
transmission of excitation to the neuronal
networks that are functionally or anatomically
associated with the stimulated area. Thus,
stimulation of the frontal lobe at 20 Hz fre-
quency led to a significant increase in the lev-
el of dopamine in subcortical structures [14].
Stimulation of the left dorsolateral prefrontal
gyrus (20 Hz, 20 min a day) changed the level
of glutamate in the cortex not only on the side
of action, but on the opposite side too [15].

One of mechanisms of action of TMS is
increase in the concentration of thyrotropic
hormone (TTH) found in observations of pa-
tients and of healthy people. At the same
time, sub threshold stimulation led to tran-
sient reduction in TTH and cortisol in the
blood plasma of volunteers which is an indi-
rect evidence of a relaxing effect of sub
threshold TMS in healthy individuals [16].

TMS is suggested to produce a modu-
lating effect on regulation of functions of the
autonomic nervous system, on reactivity of
cerebral vessels, on activity of the immune
system [9]. Besides influencing electrophys-
iological parameters of neurons, TMS also
facilitates sprouting and neurogenesis [17].
Alongside with this, TMS causes inhibition in
nociceptive trigeminothalamic neurons [18].

Safety and Side Effects of Transcranial
Magnetic Stimulation

Selection of individuals for participation
in TMS requires use of a special questionnaire
that includes 15 questions and allows screen-
ing [9]. Contraindications to this procedure
include, in particular, existence of metal ob-
jects in the vicinity of a magnetic coil (hearing
implants, pumps, implanted electrodes), exist-
ence of epilepsy in history (except for the case
of special treatment for epilepsy with TMS),
vascular, traumatic or infectious damages to
the brain. In case of presence of an implant in
a patient it is obligatorily required to determine
a possible degree of heating or magnetization
for each specific protocol of stimulation and
for the type of used coil [9].

The most common side effects of TMS
are moderate local pain or discomfort in the
region of exposure (up to 40%) and head-
aches (up to 30%), which is associated with
stimulation of branches of the trigeminal
nerve and muscle spasms. Painful sensations
during rTMS are similar to those occurring in
repetitive stimulation of peripheral muscles of
the face or scalp that causes pain in some in-
dividuals due to tension of muscles. Besides,
magnetic stimulation produces high frequen-
cy noise that may cause short-term alteration
of the threshold of auditory perception. This
may be avoided if tested individuals and ex-
perimenters use plugs for ears [9].

In literature some cases are reported of
epileptic seizures after exposure to TMS: in
depression with intake of antidepressants, in
tinnitus. Risk of their development is low,
only 1.4% even in patients with epilepsy [9].

For early detection of enhanced excita-
bility of the cortex and of risk for develop-
ment of epileptic seizures monitoring by elec-
tromyogram can be used. Signs of enhanced
excitability of the cortex include: 1) appear-
ance of induced motor response from the
wrist muscle in sub threshold stimulation of
M1 or stimulation of non-motor zones of cor-
tex: 2) appearance of evoked motor response
from proximal muscles of arm in supra-
threshold stimulation of M1. Epileptiform
activity may be possibly detected by EEG
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monitoring. Before recommendations con-
cerning safety of TMS have been published
(1998), epileptic seizures mainly occurred in
use of aggressive protocols of high-frequency
rTMS with exceedance of values of intensity
and duration of session recommended nowa-
days [9]. To avoid such complications it is
required to thoroughly select the candidates,
take into account contraindications and ob-
serve instructions on use of TMS in recom-
mended doses and modes.

Transcranial Magnetic Stimulation in
Migraine and Tension Headaches

A medical effect of electric discharges of
shock fish was known as early as in ancient
Rome and Greece. This method was regularly
used by Tiberius to eliminate migraine attacks
[19].

Until recently some domestic authors
[20] believed that rTMS had not found a wide
application in treatment for migraine and had
a low degree of evidence. However, in 2017
the results of evidence-based double-blind,
randomized and placebo-controlled study of
effectiveness of rTMS in treatment for mi-
graine were published [21]. That study was
conducted on 100 patients who received 3
sessions of rTMS at frequency 10 Hz and in-
tensity of 70% of motor threshold of rest on
the primary representation of the left motor
zone on the hand. In contrast to placebo, a
group with active stimulation showed reduc-
tion in the frequency, intensity of pain and in
the degree of disability. Improvement of clin-
ical symptoms was attributed to increase in
the level of B-endorphin in blood plasma. In
the comparative analysis of effectiveness of
low-frequency rTMS with exposure in the
area of vertex with use of round coil, non-
effectiveness of the given protocol was shown
in treatment for migraine [21].

In the work of R.B. Lipton, et al. (2010)
high effectiveness of single-stimulus TMS of
the occipital lobes was shown for elimination
of migraine attack that started with visual au-
ra [22]. On the basis of the results of this and
many similar studies a portable device was
developed and approved by FDA (Food and
Drug Administration of the USA) for clinical
use in 2013. This device under the name

Spring TMS is also available in Great Britain
for independent use by patients for elimina-
tion of symptoms of migraine that starts with
visual aura.

Effectiveness of a similar device was
also shown in studies of A.C. Almaraz, et al.
[23]. A TMS device generates short magnetic
impulses (several ms, 0.9 T) applied on the
occipital lobes, with 30 sec duration of the
procedure. The method permits to eliminate a
migraine attack and may be used for prophy-
laxis of migraine. Therapeutic effect is asso-
ciated with block of propagating cortical de-
pression. 39.0% of patients showed a positive
dynamics of reduction of pain within 2 hours
from the onset of migraine attack. A similar
effect was noticed only in 16.0% of members
of the control group. After 1 day of applica-
tion of TMS device, in 35.0% of patients pain
did not resume (in comparison with 9.0% of
patients of the control group).

The effects of use of a portable TMS
device were studied in many works. Exposure
to single TMS impulses (sTMS) are used in
treatment for migraine with visual aura. For
example, the work of R. Bhola, et al. [24]
presents the results of observation of 425 pa-
tients having migraine with and without aura.
Clinical study of patients with acute pain at-
tacks was conducted within 3 months fol-
lowed by questioning on the phone (in 6 and
12 weeks). In 62.0% of examined individuals
there were no migraine attacks within 3
months after TMS, and symptoms of photo-
phobia, phonophobia and nausea reduced.
Other patients revealed reduction in occur-
rence of headache: of episodic migraine from
12 to 9, of chronic migraine — from 24 to 16.
On the basis of the obtained data the authors
came to conclusion that STMS is an effective
means of treatment both for chronic and epi-
sodic migraine, with and without aura [24].

A study of an analogous portable device
for independent use by migraine patients with
aura showed that the effect of application of
TMS on the visual zones of cortex in pulsed
mode with 30 s interval within 1 hour after
appearance of symptoms, lasts from 24 to 48
hours [25].
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G. Naeije, et al. recently published re-
sults of clinical examination with participation
of 313 patients with migraine [26] that showed
effectiveness of application of TMS with sin-
gle stimulation mode in treatment for episodic
migraine with visual aura after the first attack,
but not for cases of chronic migraine. Besides,
TMS of the visual zone of cortex appeared
promising in differential diagnosis of transient
ischemic attacks of vascular genesis and
migrainous aura without headache [27].

In discussion of mechanisms of action
of TMS, J. Kalita, et al. [28] state that appli-
cation of high-frequency rTMS (10 Hz, 600
repetitions per 412.4 sec) on the left frontal
area of patients with migraine results in sen-
sitization and reduction in habituation of cor-
tical neurons reaction. Thus, this mode of
rTMS improves habituation of parameters of
evoked somatosensory potentials, that is as-
sociated with alteration in relationships be-
tween activities of synchronizing systems of
the brain and contributes to the reduction of
pain syndrome.

Experimental study on animals also
demonstrated high effectiveness of TMS with
the mode of single stimuli in treatment for
migraine [29]. Migraine being a propagating
depolarization wave, was modeled on rats and
cats. The most sensitive brain structure in mi-
graine was found to be thalamic neurons, and
antinociceptive effect of this action was me-
diated by opioidergic mechanism.

TMS of deep action (dTMS) can be an
alternative method of treatment for migraine
[30]. There have been described the results of
therapy that included 3 sessions of rTMS (10
Hz, 600 imp/min, 10 exposures) within 3
days. dTMS was applied on the dorsolateral
frontal lobes bilaterally with additional action
on the left frontal area (12 sessions, more than
1 month). On completion of the research pa-
tients showed reduction in the intensity and
occurrence of migraine attacks, reduction in
intake of analgesics, positive dynamics of
symptoms of comorbid depressive condition.

The work of U.K. Misra, et al. [31] pre-
sents the results of study conducted on pa-
tients with migraine who had more than 7 at-

tacks per month and were refractory to 2
medical drugs. Three sessions of rTMS (10
Hz, 600 imp./min, 10 exposures) on the left
frontal area were conducted within 3 days. In
98% of patients the number of attacks re-
duced more than 50% immediately after
ITMS; the effect persisted for 1 week. In
80.4% of patients the number of attacks re-
mained at this level after 4 weeks. No side
effects were revealed.

Therapeutic method with use of rTMS
(10 Hz) was equally effective in patients with
chronic TH and migraine [32]. A positive dy-
namics of symptoms after this influence was
manifested, in particular, by reduction in fre-
quency and severity of pain, reduction in cas-
es of loss of working capacity, by transition
of a chronic headache to episodic one. It
should be noted that the mentioned effects
were seen within several months after 1 or 3
sessions of rTMS.

A.A. Beljaev, et al. (2015) published
the results of a clinical study of patients with
migraine, who received treatment with high-
frequency stimulation of the motor and visual
cortex [33]. The exposure (5 Hz, 90% of the
induced motor response) was used every day
within 10 days. On completion of the treat-
ment course patients showed reduction in the
occurrence of migraine attacks (by 31.8%),
reduction in the severity of depressive mani-
festations (by 31.7%), improvement of every-
day activity (by 23.7%), reduction in the in-
tensity of headaches (by 6.9%).

In a recently published review of F.
Puledda, et al. (2016) the data are summa-
rized that illustrate the character of TMS in-
fluence in migraine [34]. It was shown that
this influence produces an inhibitory effect on
the cortical wave of propagating depression
which correlates with migrainous aura.

One more therapeutic method for use in
patients with migraine is electrical stimulation
of the n. vagus. However, effectiveness of
this procedure is much lower in comparison
with TMS. For example, after 2 sessions of
stimulation of the right cervical branch of
n.vagus (2 sessions of 90 sec with 15-min
interval) the attack was completely eliminated
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only in 22% of patients [35]. A positive effect
of this action is realized through increase in
the activity of local and regional neurotrans-
mitter systems (serotoninergic, GABA-ergic,
noradrenergic).

Today high effectiveness of TMS in pa-
tients with depression is considered to be
proven. Migraine and depression are comor-
bid disorders. Besides, depression pays an
etiological role in tension headaches. Antide-
pressants are drugs of choice in treatment for
these primary headaches. A necessity for non-
drug treatment arises in case of resistance to
antidepressants or in development of side ef-
fects. Along with other no medicinal methods
it is possible or even necessary to use TMS
therapy. Application of TMS in the modes
developed for depression treatment, is sup-
ported by many authors.

The work of A.B. Conforto, et al. [36]
presents the results of randomized, double-
blind, single-center clinically demonstrative
study with participation of patients with
chronic migraine without depression syn-
drome. rTMS (23 sessions) was applied on
the left dorsolateral prefrontal region. It was
shown that the number of «pain» days in pla-
cebo group was reduced to a higher extent
than with application of TMS. With this, the
intensity of pain diminished equally in both
groups. The obtained data do not evidence
reasonability of application of this TMS mode
in treatment for pain syndrome in migraine
without depression. However, investigations
in this direction are under way [26,34].

Tension headaches have much in com-
mon and many differences in their neurobio-
logical mechanisms. Nowadays there are no
unified conclusions about probability of using
TMS in treatment of patients with TH. In re-
ports of European Headache Federation it is
noted that the effectiveness of exposure to
rTMS has not yet been confirmed by a suffi-
cient number of evidence-based studies. The
available literature contains only some men-
tions of works in this direction. In particular,
according to P. Martelletti, et al. [37], TMS is
an effective nondrug method of treatment for
chronic TH. This conclusion is based on

evaluation of the effects of use of TMS with
different frequency of impulses in chronic
TH. Upon completion of treatment dynamics
of clinical and electrophysiological parame-
ters, intensity of pain, evidence of depressive
symptoms, sensitivity of pericranial muscula-
ture and other parameters were determined in
patients. On the basis of the obtained data the
authors suggested that therapeutic effect of
TMS is mediated by reduction in the excita-
bility of large cortical motor neurons and in-
terneurons related with them. Of certain sig-
nificance is also reduction in the excitability
of pericranial muscles, excessive input from
which creates painful sensations in TH.

The work of E.V. Shirshova and E.S.
Akarachkova [39] contains a detailed descrip-
tion of the results of a clinical study with par-
ticipation of 30 patients with chronic TH.
TMS was conducted with a transcranial mag-
netic stimulator TAMAS having 8-shaped
inductor (CRTehnology, Korea); the treat-
ment course included 5 daily sessions of
stimulation. After completion of therapy pain
was completely eliminated in 20 patients
(66%), was significantly reduced in 8 patients
(27) and practically did not change in 2 pa-
tients (7%). Thus, the authors came to the
conclusion about a notable effectiveness of
TMS method in treatment of patients with
chronic TH. Analgesic effect of TMS in
chronic TH may be attributed to its activating
influence on the antinociceptive system of the
brain accompanied by enhanced release of -
endorphin, serotonin and noradrenaline [9].

Conclusion

Thus, induced magnetic field generated
by TMS depolarizes membrane of neuron;
action potential, generated in nerve cell,
propagates along the axon and activates sur-
rounding neurons of different modalities
across synapses [13]. TMS influences elec-
trophysiological parameters of neurons and,
besides, facilitates sprouting and neurogenesis
[17]. TMS produces a modulating effect on
regulation of functions of the autonomic
nervous system, on reactivity of cerebral ves-
sels and on activity of the immune system [9].
TMS is proved to induce excitation in noci-
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ceptive trigeminothalamic neurons [18]. The-
se processes are observed in application of
TMS on the cortical areas of the brain, there-
fore this procedure is a potentially effective
method of treatment for migraine. At present
research is under way directed at further
search of regimes, durations and fields of ap-
plication of TMS with the aim of improve-
ment of its therapeutic effect. For example,
single-pulse TMS is considered a method
with proven high effectiveness for migraine
with visual aura. This approach not only per-
mits to eliminate an attack but can be used for
prevention of migraine. On the basis of the
results of a significant number of research
work a portable device for TMS was devel-
oped and approved for individual use in EU
countries. Therapeutic effects of this device
are, in particular, associated with block of
propagating cortical depression [23].

Results of large-scale international re-
search illustrate high effectiveness of rhyth-
mic TMS (rTMS) in depressions [40], post-
stroke pain syndrome, neuralgia of trigeminal
nerve and in some other disorders of the cen-
tral nervous system [19]. Taking into account
comorbidity of migraine and depression,
rTMS is nowadays intensely used in treat-
ment for migraine. On the basis of the facts
obtained by European Expert Group, high-
frequency stimulation of dorsolateral prefron-
tal cortex on the left is assigned the maximal
level of effectiveness — «A», and low-
frequency stimulation of this region on the
right — level «B» [40].

Conclusion

On the whole, existing scientific data
show that transcranial magnetic stimulation is a
non-invasive, safe, painless and effective meth-
od of treatment for pharmacologically resistant
forms of tension headaches and migraine.

The character of action of transcranial
magnetic stimulation — inhibitory or stimulat-
ing — largely depends on selection of a thera-
peutic mode. However, optimal application of
this method in clinical practice requires fur-
ther investigations directed at clarification of
the mechanisms of influence of the described
procedure on the brain. For example, it is un-
clear, if physiological parameters of function-
al activity of the central nervous system
change under excessive depolarization or ac-
tivation of different groups of cells by
transcranial magnetic stimulation.

A special attention is given to the prob-
lem of comparative effectiveness of the basic
regimes of therapeutic transcranial magnetic
stimulation — high- and low-frequency stimu-
lation. These and other questions concerning
use of transcranial magnetic stimulation can
be solved in experiments on animals and also
by combining these methods with functional
neurovisualization methods. Active participa-
tion of physiologists, neurophysiologists and
biophysicists in these research works will
permit determination of effectiveness of non-
drug treatment with transcranial magnetic
stimulation and will contribute to understand-
ing of mechanisms of action of magnetic
fields in patients with pain syndrome.
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