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INTRODUCTION

Aphasia is the most disabling functional defecemaft
iIschemic stroke, it affects more than a third df stfoke
victims. It improves during the first 4 weeks inesthird of
patients and during the first 6 months in approxetyahalf
of them. Effective therapeutic strategies are neddetreat
aphasic patients, treatments which can benefit [peagh
aphasia include: intensive speech and languageapher
(SLT), medications such as piracetam, bifemeland an
piribedil, Stem cell transplantation and Transcaani
Magnetic Stimulation. Early and intensive speechd an
language therapy (SLT) is the only effective treatito date
but usually is limited in duration and intensityhérefore,
improved and additional treatment strategies ageired to
improve recovery of language functiorf$ippett et al.,
2014) Recent advances in neuroimaging contribute tora ne
insights regarding brain-behavior relationships axgand
understanding of the functional neuroanatomy ofjlemge.
Increasingly, aphasia is seen as a disruption ghitwe
processes underlying language. Rehabilitation ofasigh
incorporates evidence based and person-centeredaapies.
Novel techniques, such as methods of deliveringicadr
brain stimulation to modulate cortical excitabilitfuch as
transcranial magnetic stimulation (TMS) and traasa@l
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direct current stimulation (tDCS), are just begimnito be
explored(Platz, 2015) Post-stroke aphasia results from the
lesion of cortical areas involved in the motor prowbon of
speech (Broca's aphasia) or in the semantic aspacts
language comprehension (Wernicke’s aphasia). Sasibris
induce an important reorganization of speech/laggua
specific brain networks due to an imbalance betvweestical
facilitation and inhibition. The purpose of IrTMSAIDCS
application in the neuro-rehabilitation of aphasatients is
to act on specific networks involved in the pathggblogy
of language processing and to promote adaptiveicabrt
reorganization after strok@latz, 2015).

The first studies of Transcranial Magnetic Stimiglat
(TMS) were performed in 1985 by Anthony Barker amsl h
colleagues at the Royal Hallamshire Hospital in félelf
England. These studies demonstrated that TMS andicte
muscle movements in the hand when applied to tinicab
motor strip (Barker et al., 1985) These early studies
provided support for a noninvasive method that ddotally
stimulate underlying cortical pathways and were the
foundation for research into the stimulation of tma
pathways involved in a number of disease processes.
Barker’s original research was based on single-pUM&
where a single stimulus was delivered to a spedfiin
region. Expanding on this, the technology develdpeallow
a device to deliver multiple stimuli over a shodripd of
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time, that is, repetitive TMS (rTMS). rTMS was showo
have lasting effects on cortical excitability thaersisted
beyond the actual stimulus delivefylaeda et al., 2000)
Given the ability of this treatment to modulate toxa
activity in a focal way, focus was soon placed loa tise of
this technique to in various neurological and psfit
diseases such as aphasia. Although numerous tlinada of
TMS for the treatment of aphasia have been conducte
(Platz, 2015) there is a deficient good quality evidence for
its role that support its use in a day to day pecactThis
study is an attempt to provide clinicians with suah
evidence for an evidence-based practice of thisiegce.
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TRANSCRANIAL MAGNETIC
STIMULATION

l. Types of Transcranial Magnetic
Stimulation:

Fitzgerald et al. (2006)divided the effects of TMS,
depending on the mode of stimulation, into:

-Single _or_paired pulse TMS where the pulse(s)
causes neurons in the neocortex under the sitenadilation
to depolarize and discharge an action potentialsihgle-
pulse TMS, one pulse is applied no faster than @awesy
few seconds. In paired pulse, 2 pulses appliedbphase to
inhibit or excite neurons within the same hemispher to
inhibit neurons in one hemisphere while excitingrthin the
other hemispherdGalletta et al., 2011) If used in the
primary motor cortex, it produces muscle activdyerred to
as a motor-evoked potential (MEP) which can bencsxbon
electromyography (EMG). If used on the occipitaltes,
'‘phosphenes’ (flashes of light) might be detectgdthz
subject. In most other areas of the cortex, thegyaant does
not consciously experience any effect, but hisesridehavior
may be slightly altered (e.g. slower reaction time a
cognitive task), or changes in brain activity maydetected
using Positron Emission Tomograp(iET) or functional
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Magnetic Resonance ImagébRI). Effects resulting from
single or paired pulses do not outlast the peridd o
stimulation Fitzgerald et al., 2006)

-Repetitive TMS (rTMS) produces effects that last
longer than the period of stimulation. Multiplenstili (called
“trains”) of rTMS of appropriate frequency, intsity, and
duration can lead to transient increases or deesemsthe
excitability of corticospinal or cortico-cortical athways
depending on the intensity of stimulation, coilenriation and
frequency of stimulation. For examplglow rTMS (1Hz),
where one magnetic pulse is applied every secalleted
to the motor cortex can give rise to a lasting dase in
corticospinal excitability primarily by affectingnira-cortical
facilitation. Applied to other cortical regions,os8l rTMS
appears to similarly decrease excitability in tlaegeéted
cortical region leading to measurable behaviordeots$.
Conversely,fast rTMS (5, 10, or 20 Hz) can induce a
transient increase in cortical excitabilitifitzgerald et al.,
2006)

Intermittent Theta burst stimulatiofiTBS) is a
patterned form of rTMSHuang et al. (2005)were the first
to describe this very rapid method of conditionihg human
motor cortex that yield controllable modulatoryesffs on
motor cortical and corticospinal excitability phgligy and
impact on several types of behav{@&ulteau et al., 2017)
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ITBS are delivered in short intervals to produceaaid
facilitation of synaptic transmission in the stimu@d cortex
that may persist for over an hour after the inighulation
session. In addition to facilitating changes inalosynaptic
transmission and evoked potential amplitude, iTB% lead
to changes in ongoing neural dynamics at largeiastales
that reflect changes in the functional organizatioh
distributed functional network$Griffis et al., 2016). In

contrast with traditional rTMS patterns (such asz 10 Hz
or 20 Hz) that induce significant but weak, vareland
short-lasting modulatory effects on motor and nasten
cortical excitability and behaviors, TBS induces den

lasting and powerful effects after a short peridd2@-190
seconds of stimulatiofBulteau et al., 2017)

It is thus important to discriminate TMS from rTNS
they are used in different ways for different puegs.




Review. of Literature

ll. Basic component description of TMS
equipment:

(A)

Figure (1): (A) rTMS was conducted using a MagPro® (MagVenture
Company, Farum, Denmark). (B) After tying a caphtiig to the head

of the patient, magnetic stimulation using a ciacuoil was performed
(Yoon et al., 2015)

TMS equipment is made of:

(1) A stimulation coil containing the loops of caop
wire to generate the magnetic field, (2) A centrait to set
up the amount of current and synchronize its relessa
given time, and (3) A group of capacitors to acclatauhigh
loads of electric charge drawn from power supphed..
When a pulse is triggered, an electrical switcladivated
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and a given amount of charge stored in the capaadgcsent
to the coll, circulates through the wire loops toguce the
magnetic field and different stimulation parameteas be
set (Valero-Cabré et al.,, 2017).The patrticipant feels a
“light tap” on the scalp, may feel a twitch of éhface
muscles, and hears a brief, loud click as the atipassing
through the coil tightens the copper wire. Partais report
that this is not unpleasant. The stimulation of bhain itself
Is painlesgRossini et al., 2007) (Figure 1).

The electrical current circulating at high speedha
stimulation coil’'s wire loops produces with eacHsgusome
abrupt contraction of conducting wire thus genagatiigh-
pitched, dry and brief sound called click as wedl sdight
deformation of the coil plastic case surface. Déjpsmn on
intensity level, the loops diffuse heat over tinwehich
progressively increases coil temperature. Stimuhattoils
are manufactured from different materials in selvsrzes,
shapes, and designs. These features determinedatpeetic
field penetration and distribution capabilitiese ttocality of
the magnetic field in the brain (determining to tatial
resolution of its effects or its ability to disciimate between
two adjacent cortical locations), the ability t@lute weaker
or higher intensity intracortical currents, brainrea
localization, and thus potential motor, sensorypehnavioral
effects(Valero-Cabré et al., 2017).




For example, flat circular coils are made with &ng
high-density circular wire windings covered by aagtic
sheath, so that the maximal induced current digietb like a
doughnut under its perimeter. Such coils have high
penetration power, but as trade-off they lack gpati
selectivity i.e. less focal (> 4-5 cm?), as thadtuced current
Is highest at the circumference of the coil with cwrent
induced in the centéHallett, 2007), unless only the edge of
the coll is used as stimulation surface (around-I1L2 cm?)
(Valero-Cabré et al., 2017).

Pk h
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Figure (2): Different stimulation coils used for TMS intervants
which differ in field shape, size and depth: (fiise left to right); 40-
mm diameter figure-of-eight, butterfly or doubleilc@0-mm circular
coil, 70-mm butterfly coil, 50-mm circular coil;gsond line) 45- mm
butterfly coil, bell-shaped coil, 50-mm butterflpi; 50-mm butterfly
coil with an integrated 0.7-mm thick heat-resisteatd to be used in
combination with intracranial recordings in aninmabdels (Valero-
Cabré et al., 2017)




