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Abstract

Stroke is the leading cause of long-term disabilitoccurs when the blood supply to
the brain is disrupted by cerebrovascular diseaggech can lead to permanent damage,
depending on the duration and extent. After strakeyoplasticity occurs and this is one of the
main factors that one could potentially use to owere the caused damage. One of the
techniques which has been able to modulate ther'brpiasticity and has been achieving
promising results is transcranial magnetic stimara{TMS).

In this study we used the continuous theta burstusation (cTBS), a protocol that
inhibits the hemisphere in which it is applied, teat the other hemisphere becomes more
excited. We had two main objectives in this stuigt to characterize physiological patterns
in healthy subjects and then to study their poéémélevance in the context of stroke. For one
session, cTBS was delivered over the unaffecteddmpdrare of the patient. Healthy subjects
were divided in two groups: one group receiveddhBS protocol on the left hemisphere and
the other group received it on the contralaterahisphere. Thus, the aim of this study is to
understand the brain’s physiology before and affé8S, to provide a possible rehabilitation
approach to stroke patients with motor deficitg ¢ither aim is to know if the cTBS protocol
when applied on the dominant or the non-dominantisighere has the same results.

To understand the brain’s changes before and dfter TMS we used the
electroencephalogram (EEG). EEG at high recorderngily was used to evaluate the brain’s
activity at rest and to analyze the event-relatesidchronization (ERD) and synchronization
(ERS) of electrophysiological motor biomarkers (enqu rhythm, beta activity) when the
subjects performed two different types of movememg with arms and the other with hands.

Our results showed that cTBS affected the braihismwlogy and biomarkers of motor
activity. When applied to the dominant or non-doamibhemisphere cTBS protocol has showed
different aftereffects. For the stroke patients thsults were matched to one control that
received cTBS on the same hemisphere. The patnehtre matched-control showed similar
results for complex movements (hand tasks); wiidiesimpler movements (arm tasks) they
behaved differently, except for the right arm. Wedthesized that this difference on the arm
tasks results could have occurred because thenpativated brain areas that are normally
recruited in more demanding tasks. Despite thdtseshserved it will be needed more patients
and additional studies to have more reliable caichs.

Keywords: Stroke; Electroencephalogram (EEG); Continuous theta bstistulation (cTBS); Event-related
desynchronization (ERD); Event-related synchromrafERS); Alpha rhythms; Beta rhythms
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1. INTRODUCTION

I am really thankful to be part of this researciojgct. My background on
neurophysiology gave me excellent opportunitiebeoinvolved in research throughout my
academic years and such experience has allowea rhecome even more absorbed in the
neuroscience world. For me it is an honor to becpareof a scientific community; to pursuit
a career in research and experience the exciteanérgatisfaction of being in the neuroscience
field. Stroke has a massive impact on the quaktyfe of individuals and is one of the most
prevalent diseases in our society. Therefore, ety motivating to have the opportunity to
give my contribution in increasing the knowledgetlois field.

This thesis was proposed in the discipline “Mastdissertation in neurobiology” as
part of the second year of the Master Plan in Baina Research, Faculty of Medicine of the
University of Coimbra.

The research project was carried out at the Institdi Nuclear Sciences Applied to
Health (ICNAS), guided by the group of Professorgiil Castelo-Branco and with the
collaboration of the Stroke Unit of the Coimbra Hibal and University Center (CHUC).

Stroke is one of the most frequent causes of daadhis a leading cause of disability.
There are several strategies to deal with its apregces. However, there is a need of more
effective approaches that can improve post-strowelity of life. In this way, stroke
rehabilitation emerged as a great theme for myarebe

We applied transcranial magnetic stimulation (TMB)a repetitive pattern, to healthy
subjects and to stroke patients recruited fromGQH&C hospital from five to nine days post-
stroke, aiming at assessing the potential for matoction recovery of the upper-limb. We
seek, if feasibility is proven, to sequentially damize the stroke patients (1:1 ratio) into two
groups: one group that receives TMS and the othegiving a placebo intervention (sham
stimulation). We studied in healthy subjects anstioke patients the changes in brain plasticity
induced by this technique, with a paired-pulse ¢igra. Also, to help understanding the
mechanisms underlying the action of the continutheta burst stimulation (cTBS) in
potentially improving the upper-limb impairment, wealuated motor biomarkers such as mu
and beta rhythm, through electroencephalogram (EE@)the healthy subjects we studied if
the cTBS when is applied on the dominant or nonidant hemisphere can have different
results.

EEG of high density was placed on the head oftlgects and was monitored before
and after transcranial stimulatidfirst, the brain activity at rest was recordedtaleate the

1



physiological state. Then, to analyze the everateel desynchronization (ERD) and event-
related synchronization (ERS) of electrophysiolagibiomarkers (e.g. mu rhythm, beta
activity) the subjects performed two different tgpef movements (first, each upper-limb
individually and then simultaneously): arm elevat{apward, hold and downward) and thumb
finger opposition. The task consisted in six repeis of 15 seconds for each move, with an
interval between repetitions of 15 seconds. Betwesaah block of movements was an interval
of 1 minute.

This thesis is focused on the EEG preparation,opsdnce and analysis on the
functional reorganization of the motor system irols¢ patients, before and after TMS. The
main two goals is to understand the healthy subjestd the stroke patients respond
physiologically to the inhibitory protocol; and accessory goal is to find if the hemispheric

dominance influences the effect of cTBS protocol.




2. THEORETICAL BACKGROUND
2.1 Stroke

Nowadays, stroke is one of the leading causesuf dability in the developed
countries. Stroke is a condition which affectshite@d supply to the brain and it is a form
of cardiovascular disease. It has been seen addaryedisease, however it affects
younger individuals as well. The incidence doesaase with age, and approximately a
guarter of all strokes happen in people under ¢feecd 60. The neurological changes can
be severe or mild, and depending on the extensidroa the location of brain damage
the person’s recovery is uncertain (Lawrence & Bra892) (Chino et al., 1994) (Jordan,
2004) (Amengual et al., 2014) (Park et al., 2014).

Nerve cells within the brain need an uninterrugagdply of blood, oxygen and
glucose. The brain cells are also called neuramd tleey are the basic functional unit of
the central nervous system. If this supply is distd, the affected area can stop its
function for a certain period of time. In an egolgriod after stroke, injured neurons are
vulnerable to permanent damage from hypotensiopgfgyycemia, fever and other
systemic perturbations. Depending on the sevefitii@impairment, the brain cells can
die following a permanent damage because the nsa@nnot replaced. The movement
and /or other functions will be affected becaussy tare controlled by these brain cells.
So, depending on which blood vessels and partseobtain are affected, the symptoms
from a stroke can vary (Lawrence & Brass, 1992pa{tam & Hickey, 2002) (Hossmann
& Heiss, 2009) (Jordan, 2004) (Angeles FernandézGil., 2010).

To understand the signs and the symptoms fromo&estaind how they can be
different from patient to patient it is necessaryuhderstand the brain topology of the
lesions.

The brain is composed of 100 billion neurons ancheane may connect to
thousands of other brain cells. The neuron is caagpdy a cell body from whose surface
projects one or more processes called dendritesselldendrites receive information
(electrophysiological impulses) from other neurow @onduct the information toward
the cell body. These neural impulses in form ofaacpotentials travel long distances
through a tube called axon. Normally, each neuras dnly one axon and it may have
branches called axon terminals. A scheme is repted®n figure 1, where it is seen that
the axon comes off the cell body at the axon Hidland conducts the action potential to




the axon terminal. The communication with otherroes is achieved by synapses, in the
process of neurotransmission. These connectionsgategand control body movements,
mediate thought and language and interpret alladems (Lawrence & Brass, 1992)

(Jordan, 2004) (Angeles Fernandez-Gil et al., 2010)
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_~Cell body (soma) Axon

=
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= [.3ir~9l:-tit:1‘nI of signal _."’!
H o
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Figure 1. Typical neurons receive input signals (action pti&ds) in the dendrites or on the cell body ambissignals
down the axon toward other neuron (Stanfield & Q1 2).

The brain has a high metabolic rate, it uses abdyercent of the body’s oxygen and 70
percent of glucose. If the blood supply is intetegpfor 30 seconds the person will be
unconscious and if this interruption lasts morentfi@ur minutes, a permanent brain
damage may follow (Lawrence & Brass, 1992) (Angdtesnandez-Gil et al., 2010).

Figure 2 shows the major arteries which have a méto maintain a continuous blood

flow and the brain’s metabolic rate.




Figure 2. Major arteries supplying the brain. (A) Ventradwi. The amplification shows the circle of Willi&)(Lateral
view. (C) Midsagittal view (Purves et al., 2001).

The brain can be separated into three parts: agretbrainstem and cerebellum.
The cerebellum is positioned at the back of thanbranderlying the occipital and
temporal lobes of the cerebrum. This structureamasnportant role in motor control, and
it may also be involved in cognitive functions, Bxample regulating fear, attention and
language. Despite its important role in motor colpthe cerebellum does not initiate the
movement, but it contributes to precision, accutateng and coordination. Another
important function is to regulate neural signalstsas input from sensory systems of the
spinal cord and from other parts of the brain, iemegrate these inputs through loops of
interaction (Squire et al., 2002) (Nowinski, 2011).

In the cerebrum, the left and the right hemisplegs2composed by outer gray
matter which contains mainly nerve cell bodies, levimner white matter is made up
predominantly of nerve fibers (axons). The rightl #&ft hemispheres communicate by
a bundle of fibers called the corpus callosum. Earkbral hemisphere has four different
lobes: frontal, temporal, parietal and occipitabfesented on figure 3). The frontal lobes
control motor function, planning, personality emos, speaking and writing (Broca’s
area). The temporal lobes are responsible for mgmuoearing and understanding
language (Wernicke’s area). The parietal lobesrev@ved in interpreting language and




words, sense of touch, pain and temperature antiakpad visual perception. The
occipital lobes process visual features, as cdight and movement. There are very
complex relationships between these four diffel@nés of the right and left hemisphere.
The right hemisphere is believed to be underliatorgy, spatial ability, artistic and
musical skills. The left hemisphere controls speedmprehension, arithmetic, writing
and normally, in hand use and language it is thmidant hemisphere, for around 90
percent of people (Lawrence & Brass, 1992) (Jor@@04) (Angeles Fernandez-Gil et
al., 2010) (Nowinski, 2011).
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Figure 3. Different brain structures and functions (Mart@@07).

The brainstem is in the posterior part of the bramd it serves a continuous
connection with the spinal cord. It is composed foyr parts: medulla oblongata
(myelencephalon), pons (part of metencephalon), raittbrain (mesencephalon) and
diencephalon. The main functions for which the tst@m is responsible are basic vital
functions, for example heartbeat blood pressuesgthing, control of consciousness and
sleep (Angeles Fernandez-Gil et al., 2010) (Nowijrakl1).

Knowing that stroke is a condition which affectsyarily the motor function it is
important to describe how this can affect the nddonain function. The motor system is
part of the central nervous system that is invol&tt movement and it consists in the
pyramidal and extrapyramidal system. The pyramisigdtem or the corticospinal
tract ascends from the precentral gyrus of the cerebraéx and it has the upper motor
neurons. The upper motor neurons have a somatotampangement which let us

represent different parts of the body in certagmarof the cortex, the homunculus (“little




person”). The homunculus has specific parts ottireex control specific for motor and
sensory functions on the contralateral side ofoibdy, which is exemplified on figure 4
(Angeles Fernandez-Gil et al., 2010).
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Figure 4. Homunculus: neural network’s topographic specaions for somatosensory and motor cortices (Plenfie
& Rasmussen, 1950).

Some of the axons of the corticomesenphalic, agptatine and corticobulbar
tracts, cross the midline of the brainstem at #gudsation of the pyramids to terminate
at the motor cranial nuclei of the contralaterdesiSo, the cerebrum is divided into left
and right hemisphere and normally, the left sidéhefbrain receives sensations from the
right side of the body and controls the movemetdgs &om the right side. That's the
reason why, when a patient has a stroke in thdareortex and some of these tracts are
affected, it will result in a contralateral lossrmbtor function (Lawrence & Brass, 1992)
(Angeles Fernandez-Gil et al., 2010).

2.2 Physiopathology of stroke

There are two types of stroke: ischemic and henagehThe ischemic strokes are
the most common and account for about 70 perceall sfrokes. One common type of
strokes is caused by a clot that blocks blood fiovan artery and is called cerebral
atherothrombosis. The term cerebral infarctiorssdwhen the lack of oxygen results in
death of brain tissue and permanent damage. Andyper of ischemic stroke is the

embolic, where a lodging of an embolus is formedne part of the body and when it




breaks lose, travels along the bloodstream urlbbiges in an artery or in a vessel of the
brain. The third form of stroke is the lacunar nefgon in which occurs an occlusion of

arterioles, which are the very small end of argetigat penetrate into the brain. The
hemorrhagic strokes are caused by holes in theaivathall blood vessels (intracerebral

hemorrhage) or can be due an aneurysm or a vasoalformation where there is a

rupture of the artery and the blood leaks to theceparound the brain (subarachnoid
hemorrhage). Despite the different possible cadsssribed above there are others of
unknown cause (Lawrence & Brass, 1992) (Chino.e1884) (Hossmann & Heiss, 2009)

(Furie et al., 2011).

After stroke, a great number of patients will nélegrapy, which depends on the
patient’'s needs and symptoms. The most common aféasted are motor function,
(paralysis or weakness on contralateral side obth&’s lesion, change in muscle tone),
loss of sensation or feeling, dysphagia, vision @m@munication difficulties, automatic
function affected, cognition and emotional problefitge patient may neglect the affected
side, which signs include for example, ignoring decor objects on the affected visual
hemifield, or walking to the good side. This negjleg behaviour is mainly due to
impaired vision, weakness of muscles and alteregdag®mns and in persons who have the
right brain damage seems to be more difficult éattLawrence & Brass, 1992) (Chino
et al., 1994) (Platz et al., 2000) (Shahid et2110). Most of the patients can suffer from
depression at early, medium, and late stagesakestecovery (Hackett et al., 2005).

Thus, this range of symptoms can vary from persegretson and a common way
of characterizing stroke injury is by analyzing thide of the brain affected. The left
hemisphere affected will result in paralysis of tight side of the body, speech and
language deficits, slow behavior, memory problesiated to language and right-side
neglect (less common than left-side). Damage irritile hemisphere can produce left
side paralysis of the body, spatial-perceptual l@rob, left-side neglect, impulsive
behavior and memory related impairments (Lawren&&ss, 1992) (Chino et al., 1994)
(Platz et al., 2000) (Amengual et al., 2014).

Imaging studies after stroke have associated thetifinal recovery with the
reorganization in the periinfarct (area that sunasian infarct) and the surround cortical
areas. On a cellular level two main regenerativentss occur in the periinfart cortex:
axons develop new connections and establish nejggbi@n patterns, and newly born

immature neurons migrate into periinfarct corteke3e results show that the cellular




environment after stroke is not only death andrdesbn, but rather a longer evolving
process of neuronal regeneration (Nudo, 2006) (€&ael, 2006) (Murphy & Corbett,
2009).

Previous studies have shown that white matter ¢ti@mdican be apparently
improved following stroke, due to an increase @ fractional anisotropy, a diffusion
tensor imaging and derived measure of white matierostructure. That changes occur
not just in the stroke hemisphere but also in thetralesional hemisphere. This result
complements previous demonstrations of functiodastiity and will influence the
network measures of efficiency of communicationgi@es of reduced connectivity in
patients tended to cluster around the stroke looatiand have shown evidence for
reduced communicability in patients in the consalaal hemisphere. These areas (e.qg.
caudate, planum polare, Heschl’'s gyrus) in theradegional hemisphere are remote from
the site of primary damage, but are functionallpreected, directly or indirectly, with
their homologues in the lesioned hemisphere. Intiaddo regions of reduced activity,
was also found some areas of greater communigalnilipatients, such us, the left
(lesioned) anterior inferior temporal gyrus andtpoer cingulate gyrus and the right
(contralesional) orbitofrontal cortex, anterior fwnal fusiform cortex and posterior
inferior temporal gyrus. One possible interpretatid these changes is that the increased
connectivity reflects adaptive changes in white terastructure that have occurred
secondary to the stroke (Crofts et al., 2011) (&apdi et al., 2014).

In stroke patients, the different mechanism impliei the functional changes of
the motor system can be understood by severalghdali studies. Johansen-Bet@l.
(2002) and Loubinowset al. (2003) studies have reported a different activedb the
motor system in chronic stroke patients compardtl wontrols (Johansen-Berg et al.,
2002) (Loubinoux et al., 2003). Functional magne@sonance imaging (fMRI) and
positron emission tomography (PET) studies haveodisred bilateral activations over
the primary motor cortex and Weilleral. (1993) also found similar patterns on premotor
cortical areas. In the same study it was descitiietlin chronic stroke patients compared
with controls, there are a greater activation @& tilonprimary motor areas such as
premotor areas, the supplementary motor area (Skii#J, parietal and insular cortex
during simple movement. It has been suggestedthigse recruitment of nonprimary
motor areas might reflect functional compensatianwever, the temporal dynamics are

different in the chronic phase than during the aqintase of the stroke, so it always should




be taken into account the spatial rearrangementraih functions (Amengual et al.,
2014).

2.3 Electroencephalography

Following a focal stroke, there are multiple wapswhich the structure and
function of the brain may change. The region imratdy surrounding a stroke
undergoes a potentially reversible structural ckaagd anterograde or retrograde
degeneration of axons intersecting or connectirty wilesion may occur (Crofts et al.,
2011).

So, when a stroke patient is admitted at the halspst important to make a fast
and accurate diagnosis to start the treatmentasa®possible. The clinical history may
often be incomplete or misleading; the patientpariorm a computed tomography (CT)
scan which is only valuable to exclude hemorrhagessses or other lesions.
Multiparametric studies, like resonance magnetiagimg, are informative but are
expensive and generally are not available at tispited. Another diagnostic technique
that is inexpensive, widely available and despiteng different information than the
imaging techniques, the EEG is the best techniquehow brain alterations after acute
ischemic stroke.

EEG can add value to multiparametric imaging swidand neurologic
examination because it reflects the neuronal fondt acute ischemic stroke, which is
important to an early diagnosis, outcome predi¢tmimical management and seizure
detection. The Rankin Scale Grade has been widsdg as a clinical outcome measure
for patients who have suffered a stroke, althoaghatients with severe deficits, this scale
IS not so accurate than early EEG analysis. Preyesilterations in EEG morphology,
amplitude and frequency correlate with severity emldme cerebral ischemia. However,
there are a “window of reversibility” between treelg appearance of EEG abnormalities
and neuronal death (Jordan, 2004) (Amengual e2@l4) (Zappasodi et al., 2014).

2.4Frequency-specificity of brain oscillations

EEG is a test that measures the electrical agtivithe brain by using electrodes
on the scalp and records waveforms reflecting tbdical electrical activity. The
waveforms are subdivided into bandwidths and thpnta of the EEG used in clinical

practice identifies four periodic rhythms: alphatdy delta and theta. These rhythms are
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distinguished by their different morphology, frequg (Hz or cycles/second) and
amplitude (nV). The frequency is negatively asdedawith their amplitude, which
means that when the frequency increases, the amiplilecreases. The delta band
designates activity with a frequency below 4Hz @mslknown to occur in deep sleep. In
awake adult, rhythmic delta activity is usually amormal signal. EEG activity in the
frequency range of 4 to less than 8 Hz is callestathirregular low-amplitude theta
activity is usual a feature of the normal adult E&@ in the awake state has greatest
amplitude in the posterior temporal regions. Thegeaof frequencies from 8 to 13 Hz is
called the alpha band. It occurs during wakefulme®s the posterior regions of the head,
generally with maximum amplitudes over the occip@t@as. It is best seen with the eyes
closed and during physical relaxation and relativental inactivity. It is blocked or
attenuated by attention, especially visual and alexffort. There are many oscillations
at alpha frequencies with different origins, reatfiand functional significance. Many
EEG recordings show activity at alpha frequency #nses from central motor regions,
often with a specific waveform and with a reactithat differs from occipital alpha. This
is called mu rhythm. Rhythm at 7-11Hz, composedroh-shaped waves occurs over the
central or centro-parietal regions of the scalprduwakefulness. Blocked or attenuated
primarily by contralateral movement, thought of rament, readiness to move or tactile
stimulation. Amplitudes varies but is mostly beld@uV (Arroyo et al., 1993).

Activities between 14 and 40Hz over the frontotcanregions of the head
during wakefulness are in general defined as betigity. Usually has an amplitude
below 30uV. Beta activity increases with drowsinesight sleep and some drugs (e.g.
barbiturates and benzodiazepines) can increasanpétude of beta activity (Cooper et
al., 2005).

The amplitude of oscillations is proportional teethumber of synchronously
active neural elements, so, the alpha rhythm resfladbigger number of interconnected
neurons and therewith an increasing number of eoltigractivated neurons than beta
rhythm, which have a slower amplitude and biggegdiency (Pfurtscheller & Lopes da
Silva, 1999).

EEG activity has an excellent temporal resolutidmclv helps to provide precious
information about the neural dynamics among prematal motor areas during motor
tasks. So, this technique is valuable when an enatated potential (ERP) component is
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expected, as in the case over the motor or sergangtures where we have neural
generators of ERPs (Pfurtscheller & Lopes da Si@89) (Amengual et al., 2014).

So, ERP characterizes the response of corticalonsudue to alterations in
afferent activity, while ERD and ERS reflect mod#iions in the activity of local
interactions between main neurons and interneurthias regulate the frequency
components of the ongoing EEG. The former is plhaded and the latter is often not
phase-locked to the event (figure 5) (Kalcher &rBitheller, 1995) (Pfurtscheller &
Lopes da Silva, 1999).

"Induced” activity “Evoked” activity

Ascending Biain slem Ascending Becin stem
afferants aferents offerenis afferants

Figure 5. Schema for the generation of induced (ERD/ERS) an#lezl (ERP) activity whereby the former is highly
frequency-specific. TCR thalamic relay cells; RE ngic thalamic nucleus (Pfurtscheller & Lopes da&itl999).

2.5Characteristics of EEG patterns in stroke patients

The characteristic EEG pattern in mild cerebrahésunia shows a subtle decrease
in the amplitude of fast activities (>13Hz). Wititreasing severity, in moderate to severe
ischemia, the EEG pattern includes widespread pmighic delta activity in the affected
hemisphere maximally seen in frontotemporal and ptaal regions, ipsilateral
attenuation or loss of beta and alpha activity e & sleep spindles, marked suppression
of all higher EEG frequencies and contralaterahtab delta activity and intermittent
projected bursts of delta activity. In vast subicaitacute ischemic stroke the EEG can
express focal or generalized intermittent rhyththeta and delta activity (Jordan, 2004)
(Zappasodi et al., 2014).
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Overall, the EEG predicts a poor outcome if cordumipolymorphic delta with
depression of alpha or beta activity in the affédtemisphere is found. Some authors
describe that the degree of background depressidependently correlated with
outcome, on the other hand, others found thataies#él or contralateral background
slowing on the initial EEG correlates with poor ¢tional outcome. EEG predicted a
good outcome by absence of slow activity with miaindecrease in background
frequencies, or intermittent theta-delta activitithaslight asymmetry of background
activity (Jordan, 2004) (Zappasodi et al., 2014).

As it was described above, after stroke is combw®affected the motor function.
Chronic hemiplegia is a common long-term consegeefcstroke, affecting 69% of
stroke survivors. These deficits on motor functiaose changes in neural activation of
ipsilesional and contralesional hemisphere, durprgparation and execution of
movements performed with the affected side. InipessfMRI studies it was found that
stroke patients during recovery had an increasgitegonal activation and a decreased
contralesional activation. Therefore, to understdr@motor recovery process in stroke
patients, it is important to study the neural medsras underlying brain plasticity and
functional reorganization (Dean et al., 2012) (Aguea et al., 2014) (Tangwiriyasakul
et al., 2014).

In the last decade, various novel stroke rehabuganethods for motor recovery
have been developed, which are based on the eweddnteuroplasticity. The methods
which induce neuroplastic changes, lead to greatdor and functional recovery than
traditional therapeutic approaches. New methods baen described for motor recovery
such us motor imagery, constraint-induced movernanapy, robotic training, TMS and
virtual training (Arya et al., 2011) (Najib et a2Q11).

2.6 Mu and beta synchronization and desynchronizationn motor execution

The brain processes involved in generating andreltiny movementghrough
sensorimotor and associated cortical areffisrs a window to how the information
processing in multiple neuronal networks may bézed This information can be study
through oscillatory EEG signals where the companhdrgtween 10 and 40 Hz have
different patterns of spatiotemporal cerebral @tton which reflects different neural
mechanism related to movement (Pfurtscheller & Isoga Silva, 1999) (Platz et al.,
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2000) (Graimann et al. 2002) (Neuper et al., 20@®), 2006) (Takemi et al., 2013)
(Rossiter et al., 2014).

The neural network that produces rhythmic EEG &gtimvolves four elements:
thalamic reticular nucleus (TRN) neurons, inhibjtéwcal circuit neurons in thalamus,
thalamocortical relay (TCR) neurons, and cortictathec neurons. The TRN express
GABAAreceptors (ionotropic receptors and their ligangasninobutyric acid (GABA),
the major inhibitory neurotransmitter in the cehtrarvous system (CNS)) and it has a
key role in controlling the rhythmic activity. Nohly the motor execution (ME), but also
the motor imagery (MI) decreases mu and beta becatded over the sensorimotor areas
(designated as event-related desynchronization) iERonsidered to reflect a reduction
in synchrony of the underlying neuronal populatioAspossible mechanism for the
generation of ERD during motor imaging is represdnschematically in figure 6
(Takemi et al., 2013).

Figure 6. Diagram of the possible mechanism for the germraif ERD during motor imagery. A: rest condition. B
ERD during motor imagery. ERD during motor imagergiiced a significant inhibition of GABAtransmission in
both the thalamus and primary motor area and aifisigmt facilitation of the excitatory modulatoryput, the
thalamocortical relay (TCR cells), the | wave-geriataheurons, and the cortical pyramidal neuronsGABAA
receptors® , excitatory synap®e; , inhibitoygappse; TRN, thalamic reticular nucleus neurongrdup of | wave-
generating neurons; short-interval intracorticdhiliition and intracortical facilitation, neurons rggating short-
interval intracortical inhibition and intracortictdcilitation, respectively; up and down arrows;regase and decrease
in excitability, respectively (Takemi et al., 2013)

In the absence of sensory information or motor wiytthe alpha band usually
arises at central areas. So, it has been consitleaethe mu rhythm (~10Hz) occurs by
deactivated cortical areas and may represent aanech which reflects a cortical an
iddling or inhibitory cortical activity. Preparatip execution of movement produces an
ERD, about 2 seconds prior to the movement-onset, the sensorimotor areas, in the
mu rhythm and also in beta band (< 40 Hz) (Arroyale 1993) (Pfurtscheller & Neuper,
1994) (Pfurtscheller et al., 1996) (Pfurtschelleale, 1997) (Pfurtscheller & Lopes da
Silva, 1999) (Platz et al., 2000) (Fu, 2006) (Taketral., 2013) (Rossiter et al., 2014).
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The mu and beta ERD during motor preparation areerpoonounced over the
contralateral sensorimotor areas and then spréstéiailly with movement initiation. The
topography of the alpha is different for the lowls band (8—10 Hz) and the high alpha
band (10-12 Hz). The lower alpha ERD reflects aesmtead movement-type non-
specific ERD and is more prominent at parietal tebeles and the topography of the
higher alpha ERD is more similar to the centrabldeRD (~20 Hz) and shows a more
focused and movement-type specific pattern. df iaterest to notice that the localization
of the higher alpha ERD is slightly more postedompared to the beta ERD. This may
be because mu rhythm is generated principally énpibst-rolandic somatosensory area
and the central beta rhythm in the pre-rolandicanatea. Therefore, what has been
described shows that the motor execution is a coatioin of different processes and
reflects different frequencies (i.e., 8-10, 10-18;25 Hz) (Pfurtscheller et al., 1997)
(Pfurtscheller & Lopes da Silva, 1999) (Pfurtscbekt al., 2000) (Platz et al., 2000)
(Pineda, 2005) (llmoniemi & Kicic, 2010) (Ramos-Muralday & Birbaumer, 2015).

The ERD of alpha band and beta frequencies is eatrephysiological activity
associated with an activated cortical network, pizygd to process information with the
increased excitability of cortical neurons. So, fire-movement ERD can be due a
readiness of the neural network in sensorimotoasarélthough, once the movement
sequence was learned, and it is performed more lfamecally”, the ERD is reduced.
These results suggest that ERD in primary senstommayeas increases in association
with learning a new motor task and decreasesthiéagask has been learned (Pfurtscheller
& Lopes da Silva, 1999) (Platz et al., 2000).

Despite this desynchronization in specific cortiaedas, in other locations not
engaged in the task is accompanied by an incrédagaohronization in the alpha band.
The fact that ERD and ERS happen at the same moinénnh different scalp areas, was
named “focal ERD/surround ERS”. This is more speddr the higher alpha. It has been
understood to be due a cortical inhibition of netgavhich are not correlated in a certain
specific task. For example, voluntary hand movencantresult in a hand area ERD and
simultaneously in a foot area ERS, and voluntaoy foovement can result in an opposite
pattern, as shown in figure 7 (Pfurtscheller & Neyd994) (Pfurtscheller et al., 1996)
(Pfurtscheller et al., 1997) (Pfurtscheller & Lepda Silva, 1999) (Pfurtscheller et al.,
2006) (Neuper et al., 2006R&mos-Murguialday & Birbaumer, 2015)
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Figure 7. Maps displaying ERD and ERS during voluntary mosetrof the hand and movement of the foot. The
motor homunculus represent a possible mechanisoomital activation/deactivation gated by thalarsiouctures
(Pfurtscheller & Lopes da Silva, 1999).

The overall finding for beta rhythm is that duripgeparation and execution of
movement its oscillations are desynchronized. Wimeovement ends, a robust
phenomenon happens in the contralateral primargosgnotor cortex. A focus of beta
activity recuperates in less than one second, avittaximum around 1000ms, and is start
to seeing a short-lasting beta burst. In the medawihis still seen the mu rhythm with
a desynchronized pattern of low amplitude. The bebaund activity is being described
as high degree in somatotopical specificity fogén arm and foot movement, see figure
8. In previous studies has been described thab#ies synchronization, after the end of
movement, describes a state of deactivation andecpently, a reduced level of
excitability of the motor neurons (Pfurtschelleragt 1997) (Pfurtscheller & Lopes da
Silva, 1999) (Neuper & Pfurtscheller, 2001) (Neuetkal., 2006) (Rossiter et al., 2014).

Finger ERs
13-19 Hz

Arm
f/ 1823 Hz

Foot
20-24 Hz 0

Figure 8. Movement-specific location of the beta ERS afiteyér, arm and foot movement. Note the differeject-
specific frequency bands, lowest with finger anghleist with arm and foot movement, respectively. cBlandicates
location of maximal ERS (Pfurtscheller & Lopes dv&i1999)
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According to Parlet al. (2014) an active movement induced larger ERD @ th
beta band than passive movement in bilateral senstor cortical areas and the SMA.
A larger ERD, associated with active movement, waserved when participants
executed actively and passively two type of movesiggrasping and supination (Park et
al., 2014). The SMA area also displays rhythmiovegtwithin the alpha band and, when
a subject is preparing and planning a movement, rhdhm is desynchronized
(Pfurtscheller et al., 1997).

In the work of Rossiter et al. (2014) the movenretated beta desynchronization
in contralateral primary motor cortex in chronimoke patients was studied. They found
the movement-related beta desynchronization irkstpatients with motor impairment
to be markedly reduced compared with control subjethey considered that impaired
modulation of beta oscillations during affected dhgnip is detrimental to motor control,
highlighting this as a potential therapeutic taigateurorehabilitation.

A study of Fuet al. (2006) revealed the effects of hand dominance ren p
movement brain activity between control and chratioke patients. They showed that
the effect of hand dominance on ERD is significahitgher when the non-dominant arm
was tested versus the dominant arm. This conclistiowed that handedness has a major
impact on the pre-movement brain activity in strakevivors and highlights hand-
dominance as an important independent variabladardesign of future experiments on

stroke survivors.

2.7Mu and beta synchronization and desynchronizationn motor imagery

Stroke patients with motor deficits need to do pdgistraining which is the
standard therapy for stroke rehabilitation, altHowspme of them entirely lose their
capability to move the affected limb. A new altdiva therapy has been introduced:
motor imagery. The MI, defined as the imagined aeba& of motor act, is available to
any stroke patient, with or without muscle actiyltging only necessary voluntary mental
activity.

This technique does not replace physical trainioug can promote or accelerate
stroke recovery. As it was described, to imagineoaement involves part of the network

which is also activated in actual execution of ttmmvement. The cortical neurons are
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activated while subjects are imaging a movemestjltiag in an ERD detected over the
sensorimotor cortex (Scherer et al., 2007) (Shahidl., 2010) (Cincotti et al., 2012)
(Takemi et al., 2013) (Wright et al., 2014) (Patkak, 2014) (Tangwiriyasakul et al.,
2014).

A study of the primary motor cortex while it genesa MI, reveals that beta
activity appears significantly involved in the intat representation of movements
irrespective of whether the motor behavior is dtfuaxecuted or just imagined
(Schnitzler, Salenius, Salmelin, Jousmaki, & H&897). In other previous studies was
shown that motor movement or imagery are assoctatéte same cortical areas, so the
patterns of desynchronization for beta and mu meadsimilar. Although, in a study of
Pfurtschelleret al. (1997) they found that imagination of movement ¢ontrast to
execution of movement) did not show bilaterally syetrical ERD patterns. In contrast,
imagination activated a significant ipsilateral ER$arallel with the contralateral ERD
(Pfurtscheller & Lopes da Silva, 1999) (McFarlan@le, 2000) (Wright et al., 2014).

According to Schereat al. (2007), in hemiparetic stroke patients, the undgada
hand motor movement and Ml activates the undamegeitalateral hemisphere, through
desynchronization in the mu and beta band. Thectaffeipsilateral sensorimotor area
does not show that activation pattern. ME and Mth&# damaged hand produce very
similar patterns in the unaffected hemisphere aadowith unaffected hand MI. Due to
the damage on the structures underlying the braicammon activation pattern was
found on the affected hemisphere. Some studies &laweshown that during movement
execution or imagery of the affected hand themmnisctivation of homologous areas in
the unaffected hemisphere. These studies suggagietentially beneficial mechanism
in which the healthy hemisphere compensated fofuhetional deficit arising from the
lesion (Platz et al., 2000) (Murase et al., 2004ijese et al., 2005) .

Kaiseret al. (2012) found that during Ml of the affected hapatients with higher
impairment showed higher ERD in the contralesidmamnisphere as compared with
patients with less impairment. This higher consmeal activation may be related with
poor recovery and higher degrees of stroke impaitmi addition, a significant
relationship was identified between ipsilesionalERuring MI of the affected hand and
the degree of spasticity. Stronger ERD in the wtaéild hemisphere was associated with

higher spasticity.
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2.8 Motor execution versus motor imagery

In the study of McFarlandt al. (2000) the differences of mu and beta rhythms,
between movements and imagined movements for eacth im normal subjects were
evaluated.

It was shown that left or right-hand movement ressuil a desynchronization of
mu and beta rhythm which is higher on the contea#dtside to the movement. The
comparison movement versus rest shows that hentispsymmetries in the beta and
mu rhythm are greater in the right-hand (domindm&n with left-hand movement. In
motor imagery versus rest, the results are sirfolamovement versus rest, but reduced
in magnitude. The desynchronization for motor imrgge the contralateral side, is more
prominent than for movement. Hemispheric asymmstmgore marked in the right hand
imagery for the mu rhythm, and for the beta bandth@e pronounced for left hand
imagery. At CZ, central site, we have mainly betayhchronization, independently if it
is right or left movement or left or right-hand igeay (McFarland et al., 2000).

The study of topographies for movement (right aft) bersus rest and imagery
versus rest for mu rhythm, has shown two foci obyiehronization, one over
sensorimotor cortex on each side. The focus avegér on the left side of the brain and
also for movement than motor imagery. For beta parm/ement and imagery, shows a
more diffuse desynchronization on the vertex antereds more to the left side
(McFarland et al., 2000).

2.9Transcranial Magnetic Stimulation

TMS is based on the principle of electromagnetitugtion of an electric field in
the brain, see figure 9. It provides, for the fiigte, a non-invasive, safe and painless
method where it is possible to activate the humatontortex and assess the integrity of
the central motor pathways. It has a greater piaiesftneuromodulation for rehabilitation
and therapy, and summated with repeated sesswmdféicts leads to an outlasting a
stimulation session. TMS can also interfere withitbactivity, so when TMS is combined
with EEG, it provides useful information to asseedical excitability and connectivity
(Izumi et al., 1997) (Kobayashi & Pascual-Leond)2(QThut & Pascual-Leone, 2010a)
(Thut & Pascual-Leone, 2010b) (llmoniemi & Kici€I0) (Groppa et al., 2012) (Premoli
et al., 2014).
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Time-varying Time-varying Induced current
surrent in ccil magnetic ficld in conductor

Figure 9. Example of a time-pulsed current when is discharipeough the TMS coil. The resulting time-varying
magnetic field is focused onto underlying neursddie. The eddying currents, produced in the tissare affect the
neural activity during and after stimulation (Nagibal., 2011).

Through a rapidly changed pulse current, a magsétiwulating coil placed over
a person’s head can generate a strong magnetictiiat can cross penetrate the scalp,
causing a secondary induction current at adjacemertissues. When TMS is applied to
the motor cortex at a certain stimulation intensityptor evoked potential (MEP) can be
recorded at the contralateral extremity muscle® dimplitude of the MEP reflects not
only the integrity of the corticospinal tract bus@the excitability of motor cortex and
nerve roots and the conduction along the peripmecabr pathway to the muscles. When
a single-pulse stimulus is applied to the mototesqrthe motor threshold (MT) indicates
the lowest TMS intensity necessary to evoke MEP& hecessary to define a motor
threshold in which MEPs have more than 50 pV peaigak amplitude in at least 50%
of successive trials, when activating a target neuselEP is an electrical potential
difference detected using bipolar surface electrompbgrgdEMG) over the target
muscle. The most common muscles which have beehfasthe studied of TMS are the
intrinsic hand muscles (the first dorsal interosseand abductor policies brevis muscles).
Motor threshold is supposed to reflect membranéagxtty of corticospinal neurons and
interneurons projecting onto these neurons in tbntortex, as well as the excitability
of motor neurons in the spinal cord, neuromusduillactions and muscle, see figure 10
and 11 (Kobayashi & Pascual-Leone, 2003) (Xie &mtha2012) (Cortes et al., 2012)
(Groppa et al., 2012).

In stroke patients the motor threshold and theasperiod is often increased and
the contralateral MEPs acutely after a stroke eetata favorable recovery, while the
absence of MEPs indicates a poor outcofhese changes may be attributed to some of
the following: loss of neurons, altered membraneitakility in the remaining cells,

increased cortical inhibition, compromised conduttiand dispersion of the excitatory
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volleys onto motoneurons (Eliassen et al., 2008)b@yashi & Pascual-Leone, 2003)
(Cortes et al., 2012).
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Figure 10. Principle of TMS. Left: the current flowing brigfin the coil generates a changing magnetic ftaiat
induces an electric current in the tissue, in thygosite direction. Middle: schematic illustratioitloe current flow due
to the induced electric field that changes alomgéimngth of a nerve fiber and results in a transbrame current. Right:
a bent nerve and the uniform current in the unifetettric field also results in a transmembraneenir(Kobayashi
& Pascual-Leone, 2003).

TMS pulse

50ms

Figure 11. TMS-derived measures of cortical excitability. Stlatic of motor-evoked potential characteristicsewh
a single pulse is recorded from a muscle withgtst lEontraction. (A) background EMG; (B) latency; (i&ak-to-peak
amplitude; (D) silent period (Cortes et al., 2012).

The TMS induces electric fields and depends on ridative location and
orientation of the coil and the head, the head'gdacale structure and the local details
of conductivity. These electric charge in the braiay depolarize pyramidal neurons
located at the superficial cortical layers and ¢fae, voltage-sensitive ion channels are
opened and action potentials are originated. Th@ Egd€ords a linear projection of these
synaptic activations. So, EEG signals can be usedjuantify and to locate the
postsynaptic current distribution (Kobayashi & Resdd_eone, 2003) (Rossini & Rossi,
2007) (Ilmoniemi & Kicic, 2010) (Groppa et al., 201

21



The evoked responses on EEG from TMS are normgisoducible, because the
delivery and targeting of TMS is well measured apndstant from pulse to pulse and
between experiments. After a single-pulse TMS enrtiotor cortex, several components
of the EEG response can be identified: N15, P3®, IS5, N100, P180. Although these
components are not universal because the intevithdil differences, the colil location
and orientation, state of the cortex and the ugidaof the subject, interfere with these
components. An important feature of TMS-evoked BE&gbgraphy is that spreads from
stimulation site ipsilaterally via association fieand contralaterally via transcallosal
fibers and to subcortical structures via projecfibars. So, when one cortical hemisphere
was stimulated, an increased EEG activity can be Bea number of adjacent electrodes,
suggesting the spread of TMS-evoked activity tot@mnéally interconnected cortical
areas (Izumi et al., 1997) (Ilmoniemi & Kicic, 2010

TMS over the primary motor cortex elicits a sequent TMS-evoked EEG
potential which last for up to 300ms. There are phases of inhibition after electrical
stimulation of a cortical area: the first inhibiti occurs at short latencies <50ms and the
second inhibition has a delay onset and is lontipigs50-200ms. According to Premoli
el at. (2014) the early inhibition represents activityudf subunit of GABA (ionotropic
receptor) receptors, whereas the N2100 represenes dhtivity of GABA
(metabotropic transmembrane receptors) receptors.

EEG coherence analysis exhibited that after stomkéico—cortical connections
were reduced in the stroke hemisphere. When TM#pdied, the mu and beta rhythm
are also frequently affected, as well, the backgdoactivity at rest. So, TMS can alter
the spectrum of the EEG signal. For example, resmbfcbm adjacent electrodes TMS to
primary motor area (M1) increases the power oftéi-frequency. On the other hand,
the effect of M1 TMS on the alpha power increaséh the intensity of TMS and the
number of pulses administered. This effect is dased with the reduction in MEP size
(Gerloff et al., 2006) (Thut & Pascual-Leone, 2010ehut & Pascual-Leone, 2010b)
(Imoniemi & Kicic, 2010) (Takemi et al., 2013).

TMS can be applied in three different ways: onmslus at a time, single-pulse
TMS; two pulses separated by a variable intervairegl-pulse TMS (pp-TMS); or in
trains, repetitive TMS (rTMS). Single-pulse TMSsife and valuable for investigating,
however, and rTMS is a more powerful and potentiaibky modality, capable of

regionally blocking or facilitating cortical process (Wassermann, 1996) (Rossi et al.,
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2009) (Williams et al., 2010) (Cortes et al., 201G)oppa et al., 2012) (Takemi et al.,
2013).

Single-pulse TMS is a useful tool for investigatimgrious aspects of human
neurophysiology, such as mapping motor corticgbotst, central motor conduction time,
and causal chronometry in brain-behavior relatidnspaired pulse techniques TMS
stimulation can be delivered to a single corti@abét using the same coil or to two
different brain regions using two different coiBaired-pulse TMS can be used to
measure intracortical facilitation and inhibitioas well as study cortico—cortical
interactions in both hemispheres. There are thia@a tgpes of pp-TMS protocols where
one aims to study the short-interval intracortioaibition (SICI), other the long-interval
intracortical inhibition (LICI) and the last thetiacortical facilitation (ICF). TheTMS
can stimulate withhigh-frequency’ rTMS when stimulus rates of mohann 1 Hz, and
‘low-frequency’ rTMS when stimulus rates of 1 Hz less. Depending if rTMS is
stimulating<l1 or >1, these frequencies characterize differéysiological effects and
different risk degrees associated with low- amghlirequency stimulation (Wassermann,
1996) (Rossi et al., 2009) (Williams et al., 20@@jrtes et al., 2012) (Groppa et al., 2012)
(Takemi et al., 2013).

The traditional repetitive stimulation protocol® &nown to have a large inter-
individual variability in the effects produced. Shvariability depends, among other
factors, on the frequency and duration of the dtun. When it is applied conventional
rTMS protocols the effects will range from 15 to nutes and these effects do not
differ between low and high frequency protocolse Efffects of high hrequency TMS (1-
20Hz) is increased by increasing the number ofgsuésd the number of trains. On the
other hand, low frequency TMS (0.9-1Hz) shows aatigg relationship between
aftereffects and TMS-intensity, which have strongappressive effects with higher
intensities. So, for example, the rTMS of 1Hz isessary 30 minutes of stimulation to
have an aftereffect for around 30 minutes (Di Laazet al., 2005) (Thut & Pascual-
Leone, 2010a) (Thut & Pascual-Leone, 2010b).

Recently, Huangt al. (2005) settled a “theta burst” paradigm to the anmmotor
cortex using a short burst of low intensity (80%\a&cmotor threshold) at high-frequency
(50Hz). The pulses are repeated at 5 Hz, which osittie frequency of theta band in the
EEG. The plasticity induced by theta-burst stimola(TBS) shares properties with long

term potention (LTP) and long term depression (LTi@chanisms of synaptic efficacy,
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but the precise mechanisms in humans are largeitwawn. The TBS protocols are
attractive because they are short lasting and lotensity stimulation is generally
sufficient to induce robust, although reversibleysiological aftereffects. The delivery
pattern of TBS (continuous TBS versus intermitt€BIS) can also induce robust and
long-lasting modulation of cortical excitabilityh& difference of these two patterns are
on measurement of the excitability of the motot&oras monitored by the amplitude of
MEPs, which can be increased or decreased. The déB®ases the amplitude of MEPs,
while they are increased by intermittent TBS (iTBSuang et al., 2005) (Di Lazzaro et
al., 2005) (Ishikawa et al., 2007) (Goldsworthylkt2012) (Vernet et al., 2013)

When TBS is delivered over the hand representatbiMl projecting to a distal
hand muscle has been shown to produce a largeloageasting inhibition compared
with proximal hand muscles, which may indicates tinéracortical networks are not
similar across different motor representations (iaet al., 2006).

TBS can facilitate M1 excitability when deliverastermittently or suppress M1
excitability when delivered continuously. In a stud Ishikawaet al. (2007) they showed
that cTBS for 40 sec over M1 reduces the amplitfddEPs for about 60 min after the
end of the train. But, the new finding is that cT®&r M1 also suppressed MEPs evoked
from the opposite M1.

2.10 TMS application after stroke

The great promise in the use of TMS in a clinicainain is the possibility for
plastic reorganization of cortical circuits (RosérRossi, 2007). Motor deficits in stroke
patients is a consequence from the disturbandeeatdrticospinal tract and TMS studies
have found that the level of corticospinal impaintie related to the clinical impairment.
These damage of the corticospinal tract can be easgied by the activity in other
regions of the motor system, such as, the contra3MA, and parietal area that are
linked to a cortical level and can project dired¢thythe motor neurons of the spinal cord.
It was already described in previous studies wiitbke patients an overactivation of the
SMA and also other nonprimary motor regions sucthaslorsolateral premotor cortex,
ventrolateral motor cortex, cingulate motor argasietal cortex, and the insula (Platz et
al., 2005) (Amengual et al., 2014). Remarkablyhanmal participants, if they engage in
more complex motor tasks these same regions eiieaded motor system are recruited.
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Which suggest that simple motor commands of thesatitask were more difficult for
patients than controls (Amengual et al., 2014).

Stroke patients at the damaged hemisphere argedf@ot only by the infarct
itself but also by the asymmetric inhibition frohetunaffected hemisphere because there
is a tendency for overactivation in the contralealcthemisphere soon after the stroke.
Conceptually, rTMS has emerged as a potential toalestore this interhemispheric
dysbalance. In different studies the rTMS has besad in two ways: low-frequency
stimulation €1 Hz) to the motor cortex of the unaffected hemesphto reduce the
excitability of the contralesional hemisphere gtafrequency stimulation (>1Hz) to the
motor cortex of the lesioned hemisphere to incremsstability of the ipsilesional
hemisphere (Hoyer & Celnik, 2011) (Conforto et 2012) (Corti et al., 2012) (Sung et
al., 2013).

Recent studies have proved the safety of high &equ repetitive transcranial
magnetic stimulation (HF-rTMS) in stroke patieraisd it has been achieved good results.
Although, low frequency repetitive transcranial meatc stimulation (LF-rTMS) has also
been shown promising results on motor deficits (@het al., 2010).

According to Confortaet al. (2012) hand motor impairment in stroke patients is
caused by an excessive inhibition of the damagedidphere by the contralesional
hemisphere. The results, showed that LF- rTM$i¢ocontralesional motor cortex early
after stroke is potentially effective to recovendtion of the paretic hand, in patients with
mild to severe hemiparesis.

In a study of Higgingst al. (2013) LF- rTMS to the unaffected hemisphere was
used in stroke patients. One of the evidences®&thdy suggests that an effective rTMS
protocol is enough to induce an increase in cdrteecitability of the lesioned
hemisphere.

In other studies, it was evaluated HF-rTMS in actteke patients on motor
recovery and on cortical excitability. The resgld&firm that HF-rTMS over motor cortex
can enhance and maintain recovery and may be al @kt on therapy in treatment of
acute stroke patients (Strens et al., 2003) (Kiad.eR006) (Khedr et al., 2010).

Although, in a study where it is compared the loewgn dfect of five daily
sessions of 1 versus 3 Hz rTMS on motor functioadate stroke it was found that LF-
rTMS over the lesioned hemisphere can improve doevery. After 3 months, the
improvement was more marked in 1 Hz group (Kheai.e2010).
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As it was described there are promising results TMS when they inhibited the
unaffected hemisphere with low frequencies or whleay stimulate the affected
hemisphere with high frequencies (Sung et al., 20h3his study we decided to use the
TBS because is less short lasting than the othdSrprotocols and the aftereffects are
longer. Between iTBS and cTBS there are studidsndacate that each one can be more
efficient than the other in the recovery of strgaients, and other studies indicate that
both enhance the excitability of the lesioned motwtex in stroke patients in acute phase,
so are both efficacy (Di Lazzaro et al., 2008) (ldtal., 2012).

We decided to use only cTBS for safety reasonsusecthe patients are in a sub-
acute phase. The cTBS produce a significant deereaxortico-spinal excitability,
therefore it was applied on the unaffected hemispl#ecording to previous studies
already described we believe that cTBS will havenpsing results. So, below there are
some studies with cTBS that support our idea.

According to Matsudat al. (2013) when cTBS is applied to the non-affecteé sid
of M1 on the hand and shoulder area, it shows anpial tool for the recovery of the
motor function on stroke patients. The mechanisrthefenhancement is not only the
recovery of the affected M1 but also spasticity fication, associated reaction and other
factors. In another study, with more patients #sults showed efficacy of cTBS on the
restorative stage recovery in chronic stroke p&iefhe results have major importance
for stroke rehabilitation, because the inhibitorifeet of cTBS resulted in the
improvement of the paretic arm movement (Manjiletz913).

Other study used the Wolf Motor Function Test tmdastrate the feasibility and
efficacy of cTBS in improving the motor learninggpstroke. When cTBS is applied
over M1 it was shown a large decrease in movemiem¢ tompared by control
stimulation (Meehan et al., 2011).

We only found three articles that used cTBS ink&rpatients and none of them
used EEG. So, it is important to have the EEG lgeford after cTBS to describe and
understand the neurophysiologic effects of thisqmol on primary motor cortex in stroke
patients.

Combination of rTMS with EEG is a promising methtmdyy to directly
characterize brain responses at the cortical Eavélmay thus provide a useful method to
further characterize the neurophysiologic subswatd BS induced plasticity and enable

assessment of cortical plasticity in regions oadite motor cortex. A previous study
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with healthy participants, shown that cTBS increlabe power in the theta band of eyes-
closed resting EEG, whereas it decreased singepiMS induced power in the theta
and alpha bands. In addition, cTBS decreased thempio the beta band of eyes-closed
resting EEG, whereas it increased single-pulse TiBeed power in the beta band

(Vernet et al., 2013). Another study used the EEféite and after cTBS have stimulated
the primary motor cortex in healthy subjects. ThHeynd widespread reductions in

functional connectivity in the alpha band and & $slame time increased the functional
connectivity in the high-beta bands, particulargtveeen anterior and interhemispheric

connections (Shafi et al., 2014).
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3. OBJECTIVES

We considered that it is very important to consigdemipulation of plasticity
during the acute phase because most individualrfesivith prognostic value appear in
the first week after the stroke onset. This mayph& better understand the
pathophysiology of post-stroke recovery. Assesbiain activity during this phase will
make us able to understand the mechanisms undgbyan plasticity and recognize its
possible changes after stroke.

The EEG in stroke patients may reflect the glalyafunction of the motor system
in the acute phase. Not only electrophysiologisadairments reflect the functional state
of neurons surviving cerebral ischemia, but thbilitg in providing recovery prognosis
has been proved to be valuable. On TMS researetHf) LF, cTBS and iTBS protocols
have been shown to be able to improve motor fundétigtroke patients. We chose a TBS
protocol because it has a shorter duration anefigxts are more long-lasting than the
other repetitive protocols. These two main reassasmportant due to the conditions of
the patients and the tests performed after TMS@e$3 assess the effects of TBS last
approximately one hour. We chose an inhibitoryqeot, cTBS, for safety reasons. Also,
although cTBS has demonstrated promising resultisaditerature, it is recent and, this
way, there were not found many publications in tustext.

This thesis is focused on the role of EEG and enatmalysis of the functional
reorganization of the motor system in stroke pagiebefore and after TMS. The main
two goals are to understand how the healthy subjaat the stroke patients respond
physiologically to the inhibitory protocol; and teecond goal is to find if the hemispheric

dominance influences the effect of cTBS protocol.

Main Objective
» Evaluate the physiological effects in healthy satgend stroke patients induced
by the cTBS protocol;
* Analyze if the hemispheric dominance influencesdtiect of cTBS protocol.
Secondary Objectives
» Compare the results between controls and strokerpatto analyze the main

differences in the brain’s physiology between scisje
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* Understand if cTBS can induce functionally meanuhgfterations in the mu and
beta rhythm after TMS, correlating to the physiatad) state of the brain before
TMS;
* Analyze how the type of movement with hands andsamodulates changes in
the mu and beta rhythms.
To pursue the thesis’ goals, we had to performedkffit tasks that are listed in the Gantt

chart (Figure 12).
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Tasks

0,0

Months

5,0

6,0

7,0

8,0

Literature review

Elaboration of informed consent and ethics approyval

Protocols design and validatio

Meetings with neurologists and project presentations

Meetings with physiatric experts to optimize protocols

Setup preparation and systems synchronization

Pilot studies

Resolution of technical issues

Selection and preparation of the motor evaluation scale
Inclusion of neuronavigation in the protoco

Protocol optimization according to pilot results

International cooperation with know-how exchan

Recruitment of patients and data acquisition

Recruitment of healthy volunteers and data acquisition

Presentation and recruitment at ANA

Treatment of results

Thesis elaboration, delivery and presentation

je

Figure 12 Scheduling of tasks
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4. METHODOLOGY

The research project was carried out at ICNAS, eplioly the group of Professor
Miguel Castelo-Branco and with the collaborationtloé Stroke unit of the Coimbra
Hospital and University Center.

When the patients are admitted at CHUC they perddriational Institutes of
Health Stroke Scale (NIHSS) and the Modified Rarkgale (MRS) to assess severity
and functional ability. Both these scales have beequently used in stroke patients,
where the NIHSS is important to quantify the neogad deficits most often seen in acute
stroke patients (levels of consciousness, languaggiect, visual-field loss, extraocular
movement, motor strength, ataxia, dysarthria, @amgary loss) and the MRS is used to
measure the level of disability or dependency m daily activities before the stroke
occurred (Spilker et al., 1997; Wilson et al., 200he patients also performed a CT scan
to assess and characterize the stroke lesionhiélirtformation was stored in the clinical
files. At the hospital, there were two clinicaksl, one for patients admitted in the study
where the responsible doctor completed the relewerdtical information, see appendix
I, and, the other, for patients that did not jdue study, appendix Il. The patients who
were admitted to the study, five to nine days aftevke the patients were sent to ICNAS.
The procedures were carefully supervised by a megist and a nurse. For each stroke
patient and control subject, a clinical report fatiCNAS was filled, see respectively,
appendix Il and 1V. The study was approved byittstitutional ethics review board and

performed in accordance with Declaration of Helsink

Patients

The stroke patients were eligible for enrollmentsasdy participants if they
fulfilled all of the following inclusion criteria(1l) aged between 18 and 80 years, (2)
poststroke period 7 + 2 days, (3) first-ever middéeebral artery stroke, (4) ischemic
stroke, (5) cortico-subcortical lesion, (6) uppénd motor deficits, (7) ability to
understand the tasks, (8) modified rankin scale gireke< 1. Patients who meet any of
these criteria were not eligible for enroliment stsidy participants: (1) cognitive
impairment, (2) previously documented dementiah{8jory of epilepsy, (4) neglect, (5)
posterior or global aphasia, (6) artificial cochleaplant, (7) implanted pacemakers or
medication pump, (8) pregnancy (9) drug and alcabake and (10) intracranial metallic

implant. One male, Caucasian, with 67 years oldrneesiited at CHUC.
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The stroke patient was right-handed and he wassadeusing the Edinburgh
Handedness Inventory. The subject gave his writteimmed consent. Table 1 provides
additional demographic data for the patient andanbimage obtained by Magnetic

Resonance Imaging (MRI) is presented on figure 13.

Figure 13. The lenticulostriate in the right hemisphere shans of the earliest signs (and typical) of a srak
acute/subacute phase: loss of differentiation barwehite matter and gray matter.

Controls

The subjects were eligible for enroliment as stpdsticipants if they fulfilled all
of the following inclusion criteria: (1) aged bewvel8 and 80 years, (2) never had a
stroke, (3) no motor deficits, (4) ability to undend the tasks. The exclusion criteria’s
were the same used for stroke patients.

Eleven Caucasian healthy subjects (4 man and 7 wpraeerage age was 68,4 +
4,2 years old (mean + SD) were recruited. Theubjests were right-handed and were
also assessed using the Edinburgh Handedness dnye®ix subjects (2 man and 4
women) were stimulated in the left hemisphere avel Subjects (2 man and 3 women)
were stimulated in the right hemisphere. All sutgegave their written informed consent.
Table 2 provides additional demographic data ferghtient.

The subject number 11 has no relevant medicabryisind did not take any
medication, was stimulated in the same hemisphetbepatient and her participation
was very cooperative. Therefore, this subject il used to representatively pair the

results with the patient.
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_ . . _ Disease Course
Patient | Sex | Age (years) | Lesion Location Paretic Member Handedness (days) MRS NIHSS
ays
1 M 67 Right MCA Left superior and inferior member igRt-handed 7 0 4

Table 1. Clinical features for each individual patient (MEMiddle Cerebral Artery; MRS=Modified Rankin ScaMiHSS=National Institutes of HealtStroke Scale)

Control | Sex | Age (years) Clinical History Medication Handedness Hemisphere Stimulated
1 M 66 Angina andcholesterol Simvastatin and clopidogrel Right-hehd Left hemisphere
2 F 61 High blood pressure and cholesterol Modusgatitt simvastatin Right-handed Right hemisphere
3 M 68 Tinnitus and benign prostatic hyperplasia Tamsulosin Right-handeq Left hemisphere
4 M 74 Cancer and tinnitus Losartan and concor Rigintded Right hemisphere
5 F 68 Cholesterol Tirox and Medipax Right-handed ft leemisphere
_ _ _ _ Acetylsalicylic acid, amlodipine and _ _
6 M 75 Benign prostatic hyperplasia and high bloosspure _ Right-handed Right hemisphere
tamsulosin
7 F 65 Poor circulation Daflon and glucosamine Rightded Left hemisphere
Vertiginous syndrome, high blood pressure, chotef ) o ) , _ ,
8 F 73 Simvastatin, amlodipine and timolgl  Right-handed giRihemisphere
and glaucoma

, Perindopril, simvastatin, concor and _

9 F 68 High blood pressure and cholesterol. o _ Right-handed Left hemisphere
acetylsalicylic acid.

o _ Letter, simvastatin, aldactone and Right hemisphere

10 F 67 Hypothyroidism, cholesterol and high bloodsgree. Sonti Right-handed
isoptin.

11 F 67 Nothing Relevant Nothing Right-handed Lefmisphere

Table 2. Clinical features for each control
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Blinding

Patients and controls were not aware of group assgt. To ensure anonymity,
information about randomization and cTBS procedureth printed and electronic
formats were locked in a cabinet, accessed onlyelsgarchers who perform cTBS.
Patients did not discuss their experience durinB&With therapists, or among each
other. During cTBS the subjects received sham rtoiset be influenced by any auditory

stimulus.
Admission in the study

At CHUC, the neurologist and the nurses, two daysyeek, informed us, if there
were patients that could be included in our stlidye had a patient, two days before or
in the previous day of the experimental sessionyeset to the hospital with a neurologist
to speak with the patient. We clarified the godlthe project, any questions the patient
may had, and whenever necessary, we also spokéisitier family. In the same day the
patient filled out the following documents: inforctheonsent, Edinburgh Handedness
Scale, TMS security questionnaire and a MRI segguestionnaire, see appendix V to
VII. The responsible physician filled the clinicedport form, appendix I, where the
patient’s medication was carefully analyzed, toueadhat the patient’s safety was not
compromised during the experimental procedure.

For control subjects, they were contacted througghlCNAS database. All the
experimental procedure was explained and we useshiine security measures in relation

to the medication they were taking and their mddicstory.

Magnetic resonance imaging

Initially the patient underwent a MRI to generat@igh-resolution, anatomical
brain image to guide the TMS (MagPro X100, Magvesijtuusing the Zebris
Neuronavigation system. A 3-Tesla scanner (Mageftoa Tim System, Siemens) was

used for acquisition of T1 images.
Experimental session

Participants were seated in a comfortable chaidiride experimental procedure
lasted approximately 4 hours for stroke patient araind 3 hours for control subjects.

The acquisition lab is seen on appendix VIII.
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Wolf Motor Function Test

Before and after TMS only the stroke patient matiesaito evaluate the affected
upper limb, the Wolf Motor Function Test (WMFT). i§htest was performed by a
neurologist and aimed to assess the motor fungii@h stroke through the use of timed
and functional tasks. The WMFT contains 17 tasksiis composed of three parts: time,
functional ability and strength; the strength itemisand 14, were not included in this
study. The performance time of each timed taskosuthented and the calculation of
performance time of 15 times tasks were calculagtthe total time. When the task is not
accomplished within 120 seconds, the performamoe bf the task is recorded as 120
seconds. (Morris et al., 2001). The functional igb8cale (FAS) evaluates with a scale
between 0 and 5, the quality of movement. Wheevihien the patient does not attempt
to move the arm being tested and 5 is when thepamiorms the movement and seems
to be normal (Pereira et al., 2011). The data fisron appendix IX and the template and
the material necessary to perform the WMFT is regméed on appendix X.

This test was used before and after cTBS to anafydmically there were any
differences in the motor deficits of the affectenl in stroke patient. After 3 months the
WMFT would be performed again to compare the chhievaluation after the
experimental procedure on the affected limb.

Electroencephalography recording and processing

The EEG data were recorded before and after TM8ake and healthy subjects.
Movement-related potentials were recorded using altichannel EEG device
(SynAmps2 RT amplifier and Scan 4.5 software, Comgaics). We used an electrode
cap fitted with 64-channel where each electrodefilad with a conductive paste, with
ECI electro-gel. The low-pass filter was set atl20ahe high pass filter was set for direct
current, and the acquisition sample rate used @a8Hz. The notch filter was off during
acquisition. The electrodes were positioned acogrth the international 10-10system at
the sites Fpl, Fp2, Fpz, AF7. AF8, AF3, AF4, FEF8& Fz, FC1 to FC6, FCZ, FT7 to
FT8, FT10, C1to C6, CZ, T7 to T8, CP1 to CP6, CHZ{ to TP10, P1 to P8, Pz, PO3,
PO4, PO7, POS8, POz, 01, O2 and Oz. An electrodeglaetween Cz and Cpz served
as a reference, and between Fz and Fpz servedasdgrSkin preparation gel with
Nuprep and alcohol at 96% resulted in electrodessiapces below 10 All the EEG
material used is represented on appendix XI.
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Sequence of Motor Paradigm

First, 3 minutes of brain activity were recordedest to evaluate the physiological
state, alternating between open and closed eyes.

Then, to analyze the electrophysiological biomexk@e.g. mu rhythm, beta
activity) the subject would perform for the uppienbs two different types of movement
(first each limb individually and then simultanetyysarm elevation (upward, hold and
downward) and thumb finger opposition. The taskststed in six repetitions of 15
seconds for each move, with an interval beforewbeh and after repetitions of 15
seconds. Between each block of movements was emvahtof 1 minute. The schematic

of experimental design in functional imaging expents is represented in table 3 and 4.

Conditions

Arm Elevation

Periods Rest Upward Hold Rest

Downward

(15seconds)

Right Arm
Elevation

Left Arm
Elevation

sawl 9 1eaday

Both Arms

Elevations

Lateral View Lateral View Lateral View

Table 3. Task 1- Arm Elevation
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Conditions
Periods Rest Finger Opposition test Rest
(15seconds)
Hand
Frontal ) Frontal
_ Frontal View _
View View
Frontal Frontal
Frontal View
View View
Both
o @ ‘ r f
Frontal Frontal
Frontal View
View View

souwll 9 Jeaday

Table 4. Task 2- Finger Opposition Test (Incorporated, 2014)

Detailed Task Description

The recording of the brain activity and the seqeeat motor paradigm were
performed before and after cTBS to analyze thesdifices between both conditions.
During 3 minutes the subject alternated betweers epen and eyes closed, each trial
lasting 10 seconds. The motor tasks were each Gtesiof arm elevation alternated with
rest and 9 minutes of thumb finger opposition a#ernated with rest. The interval
between the two tasks was 1 minute. So, the total tonsidering the rest and the tasks
was 22 minutes. This was repeated after cTBS, esdotial time during the session was

44 minutes.

Before beginning the motor task it was explainedld@@monstrated to each subject

the sequence of the motor paradigm. The signal W@sgiven to the subject to initiate

the movement, and the "Stop" to stop the movement.
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The sequence of each cycle of the motor paradigs ceanposed of thirteen
blocks, from which seven were resting period§ @¢ 5", 7" 9" 11" and 13 block).
The rest condition was used as reference. The iex@etal conditions took place in
between these blocks. Each block had a duratidrd afeconds. The first condition was
the arm elevation. The first cycle of the motorgahgm was first in the right arm, then
the left arm and finally, both arms. Between thigedent arms we had an interval of 15
seconds.

Between the first and the second motor task amvaltef 1 minute was defined.
The second task was the finger opposition testcandisted in moving the thumb finger
touching in other fingers sequentially. The cycfeale motor paradigm was the same
used for the arm task.

Neuronavigation

During the session with stroke patient, the Zebigsironavigation System was
used. The MRI images were used to create a heatl neesnstruction to ensure a
reproducible and reliable coil placement when itevgtimulating the M1 area, first for
the affected hemisphere, and then for the unafidotenisphere. The equipment that was
used is represented on the appendix XII.

First, the Zebris Neuronavigation System, transtnthe anatomical 3D files
(*VMR data) in a DICOM extension. Then, we foune #nterior commissure (AC) and
the posterior commisure (PC) plane manually, togi@m the VMR data into AC-PC
plane. In the BrainVoyager QX software, we credhedreconstructed head mesh. With
the head mesh it was possible to do the real-tieueamavigation to an anatomical target

site through the Neuronavigation System (see fiddde

(A) (8)

Figure 14. (A) TMS coil above M1 area. (B) Lateral view - Bramreshes with the show pointer indicating the statiah
target site for the right hemisphere.
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The optimal scalp location, over M1, for TMS-inddcactivation of the hand
muscle was determined as the scalp location fronclwAMS induced MEPs of
maximum peak-to-peak amplitude in the target musOlece the optimal spot was
identified with the TMS caoil, the brain locationear was filled in the neuronavigation
system, to guarantee a consistent coil placemehéeatptimal spot, for when we go back

to the affected hemisphere and for 3 months latefollow-up evaluation.
Electromyography

For MEPs’ measurement, surface EMG was recordeoutjir the Ag/AgCl
electrodes, using Ten20 conductive paste, see dpp&ih The active electrode was
placed over the first dorsal interosseus musclel)(RDe reference electrode over the
metacarpophalangeal joint and the ground electoad® the wrist. When it was not
possible to stimulate the FDI muscle, the electsodere moved to the target muscle
(figure 15). The EMG signal was acquired with a@.@ain, filtered between 1-500 Hz,

and the system that was used was the Acknowledge 4.

Figure 15.EMG electrode configuration - EMG recordings weeeived from the FDI, abductor pollicis brevis (ARB)
and abductor digiti minimi (ADM) muscles using aag# electrodes in bipolar belly-tendon montagey(litark gray;
tendon: light grey) (Bergmann et al., 2009)

Data analysis MEPs’ peak-to-peak amplitude wasaeted automatically using
the Acknowledge 4.1 software, but checked trialiigh by visual inspection. For each
subject, pre-cTBS MEPs’ amplitude was defined adoLmV. After c-TBS we used the
same intensity to compare the MEPs’ amplitude leeéord after in both hemispheres.

Transcranial Magnetic Stimulation

TMS was applied with a figure-of-eight-shaped coutér diameter of each coil:
approximately 7 cm) connected to a MagPro X100m matig stimulator (Magstim,
Farum, Denmark). The coil was positioned tangdgttal the scalp above M1 area with

the handle pointing backward and laterally at agienf about 45° to the sagittal plane.
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All participants wore earplugs during TMS to prdtéem from possible acoustic
trauma, and reduce contamination of TMS-evokedntiatis by auditory responses to the
clicks produced by the discharge of the TMS c@i& appendix Xlll. According to Rossi
et al. (2009) there is a list of drugs that can increthserisk for a seizure. So, for each
stroke patient and healthy subject it was verifidtiey were taken any drugs that were
on that list.

The control subjects received the cTBS protocekatiting between the dominant
or non-dominant hemisphere and the subjects wedpraized (1:1). The stroke patient
were also randomized in a ratio 1:1 and they wéviled in two groups: one group
receives real stimulation and the other placebobdth groups the hemisphere that
receives the real or sham stimulation was alwagtn-affected hemisphere.

Initially, for stroke patient, we started with tlaéfected hemisphere where we
found the optimal coil position over the primarytemoarea. The control subjects started
on the opposite hemisphere to the one that recéhaedTBS protocol. The optimal site
of stimulation on the skull was defined as the fmcawhere the largest MEPs in the
muscle of the upper limb was elicited on surfaeetebmyography. The motor threshold
of the muscle of the upper limb was defined asritensity of stimulation output intensity
capable of inducing a visible muscle twitching MERe rest motor threshold (rMT) was
defined as the intensity of stimulation output nsiy capable of inducing a MEP with
1mV peak-to-peak amplitude, in relaxed musclestileast 5 of the 10 trials. The pp-
TMS was performed before and after cTBS and it wasd to measure cortical
excitability on the hemisphere. Paired-pulse TM&gqmrols that were used to investigate
were SICI, LICI and ICF. For ICF and SICI protocslsbthreshold conditioning stimuli
were set at 80% of the rMT and prior to the supesthold test stimulus adjusted to 120%
of the rMT. For LICI protocol both threshold stimulere 100% of the rMT. To estabilish
a pre-cTBS baseline measure, in each protocol 1@were recorded, where for the
ICF and SICI were set at 120% of the rMT and far LhCI it was set at 100% of the
rMT. The pulses were delivered randomly with ariistimulous intervals around 1, 3
and 5ms for the ICI protocol. The ICF used an stterulous intervals for 10, 15, and
20ms. The last protocol, LICI, the interstimulongervals were 50, 100 and 150ms. For
the three protocols the mean delay was 9ms.

Then, for all subjects we went to the contralateeshisphere where first we found
the motor threshold and then, the rMT. The rMT icetlia MEP with 1mV peak-to-peak
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amplitude, in relaxed muscles, and then it wadfieerif was reproducible in at least 5 of
the 10 trials. After finding all motor thresholdge did 20 MEPSs’ pulses at 100% of the
rMT to achieve our baseline. Then, we found thevaanotor threshold (AMT), asking
to the subject to elevate both arms, and seardhédpwest intensity that was able to put
the hand muscle twitching. The intensity was fix@dB0% of AMT to do cTBS. The
cTBS was applied with parameters similar to thoseduby Huangt al. (2005): three
pulses at 50 Hz, with an interval of 200ms betwidenast pulse of a triplet and the first
pulse of a triplet, for a total number of 600 pslsafter the cTBS protocol we waited 5
minutes to achieve the maximum effects of thisbitbry protocol to perform all tests in
the time-window. Then, we repeated the 20 MEPssgmiht 100% with the same intensity
of the rMT that was found pre-cTBS.

Finally, we went back to the initial hemisphererépeat the three protocols pp-
pulse. A scheme of all experimental procedure fiamke patient and control subjects is

represented on appendix XIV and on appendix X\feesvely.

Follow-up

A follow-up is going to be performed only for stekatient three months later
after this experimental procedure. The stroke patsall repeat the NIHSS and MRS at
the hospital. Then, the patient is going to ICNA®érform the WMFT, the EEG and the
pp-TMS in both hemispheres. The neuronavigatiortesyssaved the spot for both
hemispheres, which is important to ensure an etiatuan the same place within 3

months.
EEG Data Analysis

EEG data recorded were processed offline usingSiten 4.5 software and
EEGIab toolbox running in a MATLAB environment (Mhatorks). The recorded EEG
signals were filtered between 1-45Hz to removeattefacts using Scan Edit 4.5. Using
the EEGIab toolbox the filtered EEG were down-sadtom 1000 Hz to 250 Hz. It was
removed the EMG, HEO, VEO and EKG channels. Whehagechannels with bad EEG
signal we applied the spherical interpolation. Thescle artefacts were removed by
visual inspection and ICA was run to remove eyeganwent and blink. The EEG signals
were analyzed with average reference (figure 16¢. dontinuous datasets were recorded
in a single session and it was important to separdb epochs defining different task
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conditions. So, during EEG recording we used diff¢revents to assess eyes open and
closed, and the movement for the right arm/harfti alen/hand and both arm/hand for
the movement onset, offset and the rest period dékeeepoch’s time locked to events of
interest were extracted from the continuous daimf2000ms before to 10000ms after
for eyes closed or open. The epochs defined foonmasks were -8000ms to -2000ms to
define our baseline before movement, -2000ms t@#B0~vhen the subject is beginning
the movement, 4000ms to 10000ms during motor task -2000 to 4000ms after

movement (see figure 17).

According to Tangwiriyasakuét al. (2013) it is important to have a specific
baseline before the cTBS and after the cTBS protoecause the baseline can affect the
ERD. For this reason we have a baseline (rest ghebefore the inhibitory protocol and
other baseline (rest period) after the cTBS tosss#ehe brain activity is changed and to

analyze ERD and ERS of mu and beta band.
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* WATLNG R k-

Down Sampling (1000Hz - 250Hz)

Remove EMG, HEO, VEO and EKG
channels

Sheperical interpolation and artifacts
removel by visual inspection;

Run ICA to remove eye blink;

Average reference

Figure 16. EEG cap acquires the signal from the brain arglpioissible to see the recording in the computeutiir Scan 4.5 software. The
recorded EEG is filtered in the Scan Edit 4.5. $tleeme represents the EEG preprocessing procesingethe EEGLAB Matllab toolbox.
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A)
Extract Epoch1: Extract Epoch2:

Eyes Open Eyes Close

k A

Continuous EEG data

Sub-epochs 0 0
limits
(seconds)

B)

Extract Epoch2:
Begin Movement

Extract Epoch4:

Extract Epoch1: End Movement

Baseline before }\ Extract Epoch3: A
movement [ \ During Movement ( \
| Continuous EEG data
Sub-epochs | | 0 | | | 0 |
limits -8 -2 4 10 -2 4
(seconds)

Figure 17. Sub-epochs extraction scheme. A) Representsitits lior the sub-epochs extracted for continuou& EB&ta for eyes open and close. B) Representsithis for the sub-epochs extracted for continuous
EEG data for right/left/both arms and hands dunmaor tasks.
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Quantification of alpha and beta power

We used a script, for all subjects, to quantifyplever of alpha between 8-10Hz,
10-12Hz and beta between 15-25Hz for movementshemre-cTBS and on the post-
cTBS condition. The epoch limits were from -200@800ms and it was divided into six
periods of one second and then, the alpha andftegtaencies for each period were
quantified. The channels selected for the rightenpimb were FC1, FC3, C1, C3, CP1,
CP3 and CzZ, for the left upper limb were FC2, FC2, C4, CP2, CP4 and CZ and for
both upper limbs were FC1, FC2, FC3, FC4, C1,&2,C4, CP1, CP2, CP3, CP4 and
CZ. These electrodes were selected independentlyeofroup assignment. When the
individual had the eyes closed the alpha was dfieshthetween 8-13Hz and the channels
selected were P7, P5, P3, P1, PZ, P2, P4, P6,FR0%,,PO3, POZ, PO4, PO6, P08, O1,
02 and OZ. The time limits were between -2000 aB@00ms, and the alpha was
guantified for all epoch. The quantification foethyes closed was also performed for the
pre-cTBS and for the post-cTBS condition.

- Alpha and beta power descriptive analysis

The quantification obtained by the script allowesl t® construct box-and-
whiskers plots, with the power of the studied frexggies in the y-axis during the period
of interest (x-axis), using GraphPad PrisnThe median was used to compare the results
and the whiskers represent the minimum and maxiwvaloes.

This study was performed for all the controls, ding them into two groups,
according to the stimulated hemisphere. In additieis analysis was also performed for
the patient and the matched-control, individually.

The resultant graphs were a valuable tool to viseahore clearly if the cTBS
protocol caused any change in the brain’s physiglaélgrough the time, for all the
experimental tasks.

- Inferential Statistics

The statistical analysis was carried out only fothbcontrol groups (right or left
hemisphere stimulated) since the number of patigatsnot enough to perform it.

As we had five subjects stimulated on the right ispirere and six for the left
hemisphere, we chose a nonparametric test, whitloie reliable for small samples. We
used the Wilcoxon test, with a confidence interofl95%, to evaluate if there were

significant differences in the alpha and beta powarsed by the inhibitory protocol.
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Therefore, we considered that when p value wasiarféo 0.05 there were significant

differences.

Topographic maps and time-frequencies

After processing all the datasets, for the patst the matched-control, we did
a multistudy for each condition to generate th@gwpphic maps for all channels, except
M1 and M2.The ERD/ERS patterns induced by the two types dbntasks was studied
through the topographic maps because this methodsato inspect the spectral power
changes during the recorded EEG relative to tmeustis (Yiet al., 2014).Topographic
maps were made for each condition for alpha betv@eEdHz and 10-12Hz and beta 15-
25Hz and the color limits were between -5 and Sdi conditions were analyzed before

and after cTBS protocol. Each condition was:

» Eyes Closed,

* Right Arm Elevation movement onset;

» Left Arm Elevation movement onset;

» Both Arm Elevation movement onset;

* Right Thumb Opposition movement onset;
* Left Thumb Opposition movement onset;

* Both Thumb Opposition movement onset

The subject had his eyes closed for 10 secondshentime was divided in five
parts, so the topographic maps were calculateddsgt\®-2000ms, 2000-4000ms, 4000-
6000ms, 6000-8000ms and 8000-10000ms. The limitstefor the movement onset was
between -2000 to -4000ms, and the baseline beforement was between -8000 to -
2000ms. The topographic maps were calculated iersparts, -3000 to -2000ms, -2000
to -1000ms, -1000 to Oms, 0 to 1000ms, 1000 to 2B30@000 to 3000ms and 3000 to
4000ms.

Then we computed time-frequency plots to analyz dhanges of time and
frequency simultaneously, for the patient and thetcimed-control, when the subjects
were with eyes closed and to the movement’s canditiThe conditions used to perform
time-frequency for right arm/hand, left arm/hand &oth arm/hand were:

» Before movement onset;

* Begin Movement;
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* During Movement;

« End Movement

The channels choose were C3 and CP3 for right amd/lmovements, C4 and
CP4 for left arm/hand movements, C3, CZ and Cé¢&h arm/hand movements and the
frequency limits that was selected were betweefl3z4with padding 4. The sub epochs
time limits were between -2000 to 4000ms when bagiuhend the movement and -8000
to -2000ms before movement and 4000 to 10000m#glumovement, with 400 time
points. The time-frequency when the patient haeles closed the channels choose were
01 and O2 and the frequency limits that was sallestre between 3-40Hz with padding
4. The sub epochs time limits were between -20A@EHOmMs, with 400 time points. For
the motor tasks and when the subjects had the dgsed the wavelet cycles were 3

cycles at 0.8Hz and the color limits were betwéeand 5dB.
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5. RESULTS

5.1 Patients who did not participate in the study

For sixteen weeks we went to CHUC every week, deoto check if there were
patients to participate in our study. Seventeeskstpatients did not join the study due to
three major reasons (which are represent in tHeviolg graph, figure 18). The main
cause not to join the study was patients’ stabfityne were not clinically clear to do so
—where 4 in 9 patients got a respiratory infegti@thers simply chose not to collaborate.
The remaining two main causes were due to the ddadonfidence to participate in a

study and demographic circumstances.

Reasons not to join the study

10

Number of patients

Did not want to join the study ®m Was not clinically stable to participate  Were transfered from CHUC

Figure 18.Reasons not to join the study

5.2 Results for the controls

Next, we are going to present the results for lbotitrol groups for each condition
and the effects of cTBS over time will be analyzecthparing to the pre-cTBS condition.

The conditions presented follow the subsequentrorde

- Eyes closed before and after cTBS;

- Right arm elevation before and after cTBS;

- Left arm elevation before and after cTBS;

- Both arm elevation before and after cTBS;

- Right thumb opposition before and after cTBS;
- Left thumb opposition before and after cTBS;
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- Both thumb opposition before and after cTBS.

The power quantification for the lower and highigha and for the beta band will

be presented, first for the group stimulated onritpet hemisphere and then, for the left

hemisphere. The plots were generated with the saale for every conditions, in order

to ensure correct comparisons between graphs. Howsymetimes this was a limitation

because we were not able to visualize on the grdqehstatistical significant differences

revealed by the Wilcoxon test.

In the end of this section we present a summab}gta) with the global tendency

for the variation on alpha and beta power quaitiite after the cTBS protocol, over

time.

* Eyes Closed

o Controls stimulated in the right hemisphere

Through the observation of the graph, figure 19sew a difference between post

and pre-cTBS on the power quantification. In fakBS increased the alpha power

significantly (p < 0.0001).

o Controls stimulated in the left hemisphere

For controls stimulated in the left hemisphere \&e @ decrease of the alpha

power after the cTBS protocol, figure 20. This powecrease was statistical significant

(p< 0.0001).

Eyes - alpha (8-13Hz)
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Figure 1S. Quantification graphs for controls stimulatedhe
right hemisphere with eyes closed.
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Figure 20. Quantification graphs for controls stimulatedtie
left hemisphere with eyes closed.
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* Right Arm Elevation

o Controls stimulated in the right hemisphere
When subjects elevated the right arm, we obsendiffeaence for the lower and

higher alpha between pre and post-cTBS conditidfisr cTBS, there was a statistically
significant increase of the alpha power betwee@l8zland 10-12Hz. This increment was
more pronounced from -1000ms (p < 0.0001). Fob#ta band we could also see a power
increase after the cTBS. There was a statisticgtipificant increase from -1000ms
(p<0.0001). The obtained graph was presented gdesupntary material on CD (figure
AB).

o Controls stimulated in the left hemisphere
This motor task showed for this group of subjectsngrease of the lower alpha

power after the cTBS condition and there was assitzlly significant increase for all
periods (p<0.0001), except between 2000 and 300Qvhere was not seen any
differences (p=0.8398). For the higher alpha was aken an increase of power after the
cTBS and this was more statistical significant ke -1000 and 2000ms (p<0.0001).
However, we did not see any statistical differentetween 3000 and 4000ms
(p=0.2394). In the beta band along time and amaig tonditions (pre and post-cTBS)
we saw a negative power. For the post-cTBS conditie could see a decrease of beta
power in the last three seconds and this was tatatisignificant (1000 to 2000ms:
p=0.0064; 2000 to 4000ms: p<0.0001). In the fiestosid and third second we did not
see any statistical differences (p=0.2571, p=0.10&8pectively). The obtained graph

was presented as supplementary material on CDr¢figd).

* Left Arm Elevation

o Controls stimulated in the right hemisphere
For the lower alpha we have an increase of powtr d@he cTBS and this

difference was statistical significant for almoktperiods (-2000 to -1000ms: p=0.0129;
-1000 to 2000ms: p<0.0001). Therefore, the diffeeebetween pre and post-cTBS was
not significant only between 2000 and 3000ms (p3@2). For the higher alpha we also
have an increase of power on the post-cTBS comddind this was more significant
between -1000 and 3000ms (p<0.001). In the firdtlast second the difference was less
significant (p=0.0012 and p=0.0176, respectivelifter the cTBS there was a
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significantly increase of the beta power over tifp€0.0001). The obtained graph was

presented as supplementary material on CD (fig@e A

o Controls stimulated in the left hemisphere
When the subject performs the motor task with ¢fftealrm, the power of the lower

alpha was bigger in the post-cTBS condition for @imall periods (-2000 to -1000ms:
p=0.0008; -1000 to Oms: p<0.0001; 1000 to 2000mK.@01; 3000 to 4000ms:
p<0.0001). Between these periods, we did not seestetal differences. For the higher
alpha and beta band was seen statistical signifdifferences between before and after
cTBS over time. For the higher alpha and beta benthe first second, the increase of
power after the cTBS was not so marked (p=0.0028;(GD54, respectively) and from
-1000 to 4000ms we have the strongest statistifi@rence between both conditions
(p<0.0001). The obtained graph was presented gdesupntary material on CD (figure
A9).

*« Both Arm Elevation

o Controls stimulated in the right hemisphere
For the both arms elevation, the lower alpha shoaveower increase on the post-

cTBS condition and this was statistical significketween 1000 and 3000ms (p<0.0001).
In the first and last second the difference wassoatignificant (p=0.0218 and p=0.0015,
respectively) and we saw a power decrease after. BdBveen -1000 and 1000ms there
were not statistical differences between both me @ost-cTBS conditions. Analyzing

the higher alpha we could observe differences katvmmth conditions in two different

periods (-2000 to -1000ms and 1000 to 3000ms: ®OAL)) where we could see in the
first period a power decrease after TMS, and thepower increase, respectively. The
difference between pre and post-cTBS was not sogmf between -1000 and 1000ms
and in the last second. The beta power in the OB condition showed a significantly

increase of power over time (p<0.0001). The obthiggaph was presented as

supplementary material on CD (figure A10).

o Controls stimulated in the left hemisphere
Analyzing the lower alpha, the graph showed stesiktlifferences between both

pre and post-cTBS conditions in almost all perie@900 to -1000: p<0.0001; -1000 to
Oms: p=0.0019; 1000 to 2000ms: p=0.0002; 3000 @OA®R: p<0.0001). In the first

period the alpha power decreases, then in the demahthird period the power increases
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and in the last period, the power decreases. Qvéhal power of the lower alpha
decreases after the TMS. So, in the third and dasbnd was not seen statistical
differences between pre and post-cTBS conditiof @849 and p=0.4903, respectively).
For the higher alpha and beta band we have a decofgpower after the cTBS and this
difference was statistical significant for all pets (p<0.0001). The obtained graph was

presented as supplementary material on CD (figur®) A

* Right Hand Opposition

o Controls stimulated in the right hemisphere
For this motor task the lower and the higher alpaee a decrease of power on

the post-cTBS comparing to the pre-cTBS conditieor. the lower alpha the statistical
significant differences were seen for three peried800 to Oms and 3000 to 4000ms:
p<0.0001) and in the first second is less signifiogp=0.0003). The period (1000 to
2000ms: p<0.0001) is the only period that we canaealpha increase after the TMS.
From 0 to 1000ms and 2000 to 3000ms differenceg wet significant. For the higher
alpha the difference between before and after ciiB@ statistical significant throughout
most of the period (p<0.0001), except between 10@D2000ms where there were not
seen significant differences (p=0.0624). For thia lband was seen an increase of power
after the cTBS and this difference was statissagtificant for almost all periods (-2000
to -1000ms: p<0.0001; 1000 to 2000ms: p<0.0001288d to 3000ms: p=0.0004). For
one second (-1000 to Oms: p=0.0013) was seen arpde@ease. Therefore, the
difference between pre and post-cTBS was not sagmf between 0 and 1000ms
(p=0.7909) and in the last second (p=0.0858). Thimioed graph was presented as

supplementary material on CD (figure A12).

o Controls stimulated in the left hemisphere
For the lower and higher alpha we have an increAgeower after the cTBS

comparing to pre-cTBS condition and this differemeas statistical significant for all

periods (p<0.0001). For the beta band we alsos@&eease of power on the post-cTBS
condition and the differences between both condftiovere statistical significant for

almost periods (-1000 to Oms: p<0.0001; O to 1000p+®.0012; 1000 to 2000ms:

p=0.0009; 2000 to 3000ms: p<0.0001; 3000 to 400@=3:0381). So, in the first second
the differences were not statistical significanE{®025). The obtained graph was
presented as supplementary material on CD (figu/@ A
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« Left Hand Opposition

o Controls stimulated in the right hemisphere
For the left hand opposition in the lower and higllpha we have an increase of

power after the cTBS in comparison to the pre-cTBS8dition and this difference was

statistical significant for all periods (p<0.0000verall, for the beta band the power was
increased after the cTBS and it was statisticaliBaant for almost all periods (-1000 to

Oms: p=0.0008; 0 to 1000ms: p=0.0025). In certainoos (-2000 to -1000ms, 1000 to
2000ms and 3000 to 4000ms: p<0.0001) instead ahgem increase, we observe a
power decrease. The only period that was not sésrstgal differences between

conditions was from 2000 to 3000ms. The obtainedplyr was presented as

supplementary material on CD (figure A14).

o Controls stimulated in the left hemisphere
The lower alpha had an increase of power aftecTigS and this was statistical

significant for all periods (-2000 to -1000: p=0200 -1000 to 3000: p<0.0001; 3000 to
4000ms: p=0.0015). For the higher alpha was alsen sepower increase and it was
statistical significant for all periods (-2000 t000: p=0.0033; -1000 to 3000: p<0.0001;
3000 to 4000ms: p=0.0212). For the beta band waasasignificant power decrease after
cTBS from -2000 to 1000ms and 2000 to 3000ms (B{AN The obtained graph was

presented as supplementary material on CD (figure) A

* Both Hand Opposition

o Controls stimulated in the right hemisphere
The lower and higher alpha had a power decreaseta TMS comparing to the

pre-TMS. For the lower alpha is seen a statissgghificant difference for almost all

periods (-2000 to -1000ms: p<0.0001; 0 to 1000m6:@018; 2000 to 3000ms: p=0.0098
and 3000 to 4000ms: p=0.0313). Therefore, in corsparto the pre-cTBS condition, the
power after cTBS did not show statistical differesien two periods, -1000 to Oms and
between 1000 and 2000ms. For the higher alpha lsaseen statistical differences after
the cTBS for almost all periods (-2000 to -1000ps0.0030; 0 to 1000ms: p=0.0006;
1000 to 2000ms and 2000 to 3000ms: p<0.0001). Ie=halpha did not show statistical
differences between -1000 and Oms and in the éasingl. Analyzing the beta band it was
observed a power increase and this was statistiffatent between -1000 and 4000ms
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(p<0.0001), except the interval between 1000 ariD23 (p=0.0273). The only period
that was not seen statistical differences it wabkairst second. The obtained graph was

presented as supplementary material on CD (figu&) A

o Controls stimulated in the left hemisphere
We could observe a statistical significant poweraase for the lower alpha after

cTBS only for certain periods of time (-1000 to Oamsl 2000 to 3000ms: p<0.0001; 0 to
1000ms: p=0.0037). In the other periods, there weteseen statistical differences. The
higher alpha had a significant power increase dftercTBS protocol in the first three
seconds and also in the fifth second (-2000 to 8nus2000 to 3000ms:p<0.0001; O to
1000ms: p=0.0001).The beta band between pre andcpBS conditions showed

statistical significant power decrease for almasiqas from Oms (p<0.0001). The only
period that was not seen statistical differences mahe first second (p=0.3000). The

obtained graph was presented as supplementaryiahate!CD (figure A17).

Below, it is presented the summary table (tableoSlarify the global tendency
of the described alterations after the protocoleWthe lower and higher alpha showed

the same tendency, we designated both as alpha.

CcTBS protocol is applied on| cTBS protocol is applied on
Tasks the control group on the the control group on the
right hemisphere left hemisphere
Eyes close Alphat Alpha |
e e
LEf i glgtr;ag glgtr;ag
Both Arm Beth | Beta |
A A
o o
Both Hand gftga% glelzjtgaI

Table 5. Summary table for the quantification graphs ohalpnd beta power for each control group after cTBS
protocol.
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5.3 Results for the matched-control and stroke pagint

Next, we will present the results obtained forrtinetched-control followed by the
stroke patient to compare the results. The conditpresented follow the same order that
was chosen for the controls. Movements performeth the left upper-limb were
imagined by the patient because he was plegicthedcgfore, was not able to move the
left arm/hand. Both subjects were stimulated orldafidhemisphere, since the patient had
the stroke on the right hemisphere.

It will be presented for each condition (pre andtpol BS) the results obtained
for the topographic mapsthen for the time-frequency, and finally, the mow
guantification for the lower and higher alpha aodthe beta band. These three analysis
have the main goal to compare and characterizeftbets on the alpha and beta band,
induced by the cTBS protocol. For tt@pographic mapand time-frequency we also
evaluate the main changes for each condition awex, inalyzing also the baseline period
before and after cTBS.

The topographic mapsand the time-frequency represent the power for the
frequencies in study. If we obtain a blue topogyaptmeans that the power is negative,
and therefore, the brain is more activated. Thivaiton correlates with the ERD, which
was already described. The ERS is seen when tl@stapography is red/yellow and
this means the brain is deactivated. The scalesbarperative to verify when the power
level for each frequency is more positive or negati

The global changes on brain’s topography afterptia¢ocol are summarized on
table 6, in the end of this section. As we didtfar group analysis, it is also presented a
summary (table 7) with the global tendency for Wagation on alpha and beta power
quantification after the cTBS protocol, over time.

* Eyes closed between 8-13Hz

o0 Matched-control

When the matched-control was with the eyes clodezitopographic map$or
frequencies between 8-13Hz, showed an evidentrdiffgoattern before and after cTBS
was applied on the left hemisphere. After the prokathe brain’s topography was more
negative and the right hemisphere was more actlydigure 21. Knowing that cTBS

protocol, when applied in the left hemisphere,etdmes more deactivated. Therefore,
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the right hemisphere became more activated, thdtseare according what has been

described in the literature.

Time 0 to 2000ms 2000 to 4000ms 6000 to 8000ms 8000 to 10000ms

Time 0 to 2000ms 2000 to 4000ms 4000 to 6000ms 6000 to 8000ms 8000 to 10000ms

Figure 21. Topographic mapsfor matchec-control - The topographical distribution within alpha bandten seconds divided in five periods
of 2000ms. A) Represents before cTBS stimulation. By&sents after cTBS stimulation on the left hemisphe

o Stroke Patient
In the topographic map# was clear a focus on the right hemisphere, which
became more evident after the cTBS. The focus appda decrease the alpha power
after cTBS protocol. As we saw for the matched-adnafter cTBS protocol, the brain’s

topography was also more negative, figure 22.
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A)

Time 0 to 2000ms 2000 to 4000ms 4000 to 6000ms 6000 to 8000ms

B)

Time 0 to 2000ms 2000 to 4000ms 4000 to 6000ms 6000 to 8000ms 8000 to 10000ms

Figure 22. Topographic maps for stroke patient- The topographical distribution within alpha bandten seconds divided in five periods
of 2000ms. A) Represents before cTBS stimulation. By&sents after cTBS stimulation on the left hemisphe

* Time Frequency: Eyes Closed

o Matched-control

The time-frequency for the electrode O1 showenharease of alpha after cTBS,
due to an increase of inhibition on the left hernese. On the topographic maps, figure
21, we have described a decrease of alpha on raipography after the protocol was
applied on the left hemisphere; nevertheless tisitipity for the alpha band was also
seen on the posterior regions of the brain. Evengh, for the electrode O2 there were

not verified significant alterations, between befand after cTBS protocol, figure 23.

Eyes Closed
Pre-cTBS
|
0 2000 4000 BO00 8O0 0 X0 40 Eo0 60w
O Tirmne (ms) O Time (ms)
o1 ERSP(dE) o2 ERSP(dE]
a0 ‘ : ‘ 5 o H’I T 1, 5
tm e ' IW\ I" |I'l|l b ' .
= & | | |j
Eyes Closed 52 0 s “{ ‘im I(h {l. i\{ I'dy \ 0
Post-cTBS il 210 \ A |
5 1 5
2040 2040 o
B - I 0 ”

1 1 [ 1 1 | 1
0 2000 4000 G000 8000 0 2000 4000 BO00 a000
O Tirme {rme) O Time {ms)
Figure 22. Time-frequency for matchec-control - channels 01 and 02 between 3-40Hz in two diffecenditions for eyes closed: before
and after cTBS on the left hemisphere.
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0 Stroke patient

The patient had the stroke in the right hemisplagic we could observe in the
time-frequency figure, before cTBS protocol, anhalpattern for the electrode O2. The
same pattern was not detected for the electrodeb®dause the activity of the left
hemisphere was pathologically increased. Afterihéitory protocol, we could see an
evident reduction of alpha in the electrode O2 clvhvias the excited hemisphere (figure
24). There were no significant changes betweeelgwrode O1 and O2, which could be

due the interhemispheric connections and a rebalactivity between both hemispheres,
induced by the TMS.
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Figure 24. Time-frequency for stroke patient- channels 01 and 02 between 3-40Hz in two diffecentditions for eyes closed: before
and after cTBS on the left hemisphere.
* Quantification Graphs: Eyes Closed
0 Matched-control

Between both pre and post-cTBS conditions the almdh a negative power.
When the subject had his eyes closed before th&¢h@brain had more alpha compared

to the post-cTBS condition, figure 25. So, thekaas more deactivated. After the cTBS,
we had less alpha, therefore, the brain was mdneated.

0 Stroke patient

When the patient had his eyes closed, the alphalmasitive power in the pre-
cTBS condition. In the post-cTBS condition theresveamarked decrease in the amount
of power, so, the brain was also more activateuiré 26.
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Eyes - alpha (8-13Hz) Eyes - alpha (8-13Hz)
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Figure 25. Quantification graphs for matched-control with ye Figure 26. Quantification graphs for stroke patient with gye
closed before and after cTBS on the left hemisphere. closed before andafter cTBS on the left hemisphe

* Right Arm Elevation between 8-10Hz

o Matched-control

Before the cTBS protocol, two seconds before thgest elevated the right arm
it was observed in the midline brain over the cardnd parietal electrodes sites an alpha
focus. This focus was detected in the midline betwe2000 and 1000ms. After this
period, the focus started to become noticeabldemigght hemisphere and became more
deactivated over time. As the focus became morgiymshe surrounding areas became
more activated. After the TMS, the same focus veas $n a topography more posterior
as we saw before the TMS and it was more activatéel.could see it from -2000 to
-1000ms, and over time we could visualize it witopography extending to the frontal,
parietal and central areas, but was always morativeghan the rest of the brain. In the
last three seconds, we started to see a deactiated over the frontal areas. The
obtained topographic maps were presented as supptarg material on CD (figure
A18).

0 Stroke Patient

Three seconds before the stroke patient raisearthewe could see a negativity
on the left hemisphere that begins to disappeaoartitie right hemisphere we also see a
negativity in the last second before the movem@tiaition. This focus was observed on
the right hemisphere and, in the following two sets) spreads to the left hemisphere.
Once the subject elevated the arm, we could seeuws fof alpha on the midline over

fronto-central areas that over time, will be spreg@nd was becoming more deactivated.
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In the last second the right hemisphere, which thasffected hemisphere, had a strong
alpha power that was a match with the inhibiticsiuiced by the lesion. In the post-cTBS
condition, the brain was more activated. One sedmwfdre the movement begins, the
right hemisphere was more negative over centraletahand temporal areas, and in the
following second, the negativity spreads all over brain, but was stronger on the right
hemisphere. This strong negativity begins to fatsr tme, but the right hemisphere was
still more negative than the left, because the cpBffocol induced an excitation on the
contralateral hemisphere as it was hypothesized. dfftained topographic maps were

presented as supplementary material on CD (figur@) A
* Right Arm Elevation between 10-12Hz

0 Matched-control
The higher alpha was almost similar to the lowghalin both conditions, pre-
and post-cTBS. However, after the TMS the highgha) in the period -2000 to -1000ms,
the focus was smaller and the negative power giomgseems to be minor, compared to
the post-cTBS condition for the alpha between 8Z.0Fhe obtained topographic maps

were presented as supplementary material on CDréig20).

o Stroke Patient
The alpha between 10-12Hz had the same topograpghgaver compared to the
lower alpha, before and after cTBS. The obtaingadgoaphic maps were presented as

supplementary material on CD (figure A21).
* Right Arm Elevation between 15-25Hz

o Matched-control

For the beta band we could consider the focus erfrtnto-central areas could
represent the movement. Two seconds before the mmewe the focus was more
deactivated compared to the next second. There avezduction of alpha power in this
period. Along time, this focus maintains the powad the surrounding areas from the
period -1000 to 1000ms became more activated anbdeifollowing seconds, were more
positive. The topography was more focused on titimei over fronto-central electrodes
sites, except in the last second of movement. énpibst-cTBS condition, two seconds
before the movement, the focus analyzed previowss now more activated. In the

following seconds, the negativity spreads all aherbrain, but a more activated focus is
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detectable compared to the rest of the brain, treato-central electrodes sites. When
the subject elevated the right arm and maintainatine in the air, this focus becomes
smaller over time. The obtained topographic mapsewegesented as supplementary
material on CD (figure A22).

0 Stroke Patient

For the beta band, two seconds before the movenmerthe frontal-central
electrodes sites, we can see a deactivation, wiechme less positive in the following
two seconds. In the period from 1000 to 4000ms fihisis becomes once again more
positive and bigger. The surrounding areas wereemegative, but this negativity was
seen best from -1000 to 1000ms, and then startediseppear. In the post-cTBS
condition, the anterior focus was more activated #e areas surrounding were now
more positive. This activation achieves was maxinmuthe first second after the patient
raises the arm. The obtained topographic maps presented as supplementary material
on CD (figure A23).

* Time Frequency: Right Arm Elevation

o0 Matched-control

This motor task did not show a well-defined acimatwhen the movement
begins. Mainly over the electrode C3, we could-58@ms before the movement begins
an activation, but when the subject elevated thg #ris activation begins to disappear
gradually. When the subject lowers the arm, wedgek a negativity especially for the
high frequencies (£30Hz), which is followed by aad@vation of frequencies between
+12-22Hz. We assume that the negativity seen tifeemovement stops can be correlated
to the movement of lowering the arm. After the TME& could see better an activation
when the subject elevated the arm, but when theememnt stopped, the deactivation seen
previously was not so strong. The obtained timgdfesmcy was presented as
supplementary material on CD (figure A24 and A25).

o Stroke Patient
For the stroke patient we cannot see a preciseadicin when the subject raises
the arm and a deactivation when ends the moverHemtever, when the patient stopped
the movement, over the electrode C3 there was iaiitys which could derive from a

deactivation. After the TMS, we could see a clesttgun of activation when the subject
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raises the right arm. When move downwards the g, we could see an activation,
from 1000 to 1500ms, over C3 and CP3 electroddiewfed by a subtle deactivation. It
seems to have a deactivation for the higher fregjgsnwhen the subject was at rest. The
obtained time-frequency was presented as supplanyeniterial on CD (figure A26 and
A27).

* Quantification Graphs: Right Arm Elevation

o Matched-control

The alpha power between 8-10Hz was bigger aftefTM& protocol. For the
higher alpha we also see an increased power h#arTiBS, excepted between 1000 and
3000ms. Overall, after the TMS, we saw a supenoregase for the lower alpha than for
the higher alpha. The alpha quantification beforaé after TMS did not reveal important
variations over time. For the beta band, there alss an increase of the power after the
protocol, except from 1000 to 3000ms, as it has lmbserved for the higher alpha. The
obtained graph was presented as supplementaryiahateiCD (figure A28).

0 Stroke Patient

The lower alpha in the first second had more poafégr the TMS. In the
following seconds the power decreases. The highbaan the post-cTBS condition, was
also bigger in the first second, and then, thers aveeduction of its power. So, overall,
before the TMS we have more power of alpha bet\@e®dHz and 10-12Hz. For the beta
band, we also have less beta power after the THI8 f£000ms. This decrease of power
was more evident after 1000ms. The obtained graph pvesented as supplementary
material on CD (figure A29).

* Left Arm Elevation between 8-10Hz

o Matched-control

Two seconds before the subject raised the left angould see a focus over the
both hemispheres, but was more pronounced onghehemisphere over the frontal and
central electrode sites. This focus became morativegin the next second. In the
following seconds, this focus became more deaetivatver time. The surrounding areas

around were more negative during the motor taskpewed to the focus. After the TMS,

65



this focus was seen more negative and more podyerithis focus was seen over the
centro-parietal electrodes sites on the right heh@se and in the lasts seconds spreads to
the left hemisphere. Over all, the brain was matevated comparing to the pre-cTBS
condition. The obtained topographic maps were ptegeas supplementary material on
CD (figure A30).

0 Stroke Patient

When the stroke patient imagines to raise theleftin the pre-cTB condition the
brain was more deactivated. As time moved forwawelcould observe a clear focus on
both hemispheres over the centro-parietal elecsrsdes. These activation focus begins
before the stroke patient started to imagine theem@nt and then increases with the
beginning of the movement, and remains constacgmxrom the period 1000 until the
2000ms. After the TMS, three seconds before th@mask the brain was more positive.
The activated focus seen on the pre-cTBS condmas, replaced by a deactivated focus,
on the post-cTBS condition, that became lateralitedhe left hemisphere over the
centro-parietal electrodes sites. This deactivdians reached its maximum from 2000
to 3000ms, while the rest of the brain was actiyaiée obtained topographic maps were

presented as supplementary material on CD (figua®) A
e Left Arm Elevation between 10-12Hz

o Matched-control
The differences between the lower and the highgraalvere not detected. The
obtained topographic maps were presented as supptarg material on CD (figure
A32).

o Stroke Patient
It was not seen a significant difference betweenlthver and the higher alpha,
except for a stronger activation for the lower alggost-cTBS, comparing to the higher
alpha. The obtained topographic maps were presastsdpplementary material on CD
(figure A33).
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* Left Arm Elevation between 15-25Hz

0 Matched-control

From the period -2000 to -10000ms the positivitgrsen the both hemispheres
became more negative in the next second. Althougthe following seconds the
negativity was more pronounced on the left hemispligan on the right hemisphere.
From the period -1000 to Oms we could see on fthjiat hemisphere over the fronto-
central electrodes sites a focus, which became magative than the previous second,
but more positive comparing the surround areass fiddus became slightly deactivated
over time. In the post-cTBS condition, from -100@0D00ms, the brain was significantly
more activated comparing to the condition pre-cTB% could see on the right
hemisphere a clear activation of the beta band theefronto-central electrodes sites.
This negativity, increases from -1000 to 1000ms|, hven becomes more positivity over
time. The obtained topographic maps were preseagestipplementary material on CD
(figure A34).

0 Stroke Patient

For the beta band the pre-cTBS condition was alsemegative than the post-
cTBS condition. This activation spreads from tlgltihemisphere to the left hemisphere,
and we were able to see it from -2000 to Oms. Mdeds, this activation begins to
increase over the centro-parietal electrodes sitesthe right hemisphere, and on the left
hemisphere was more pronounced on the centratefies sites. In the next two seconds,
this negativity spreads to all brain and in the esond, the activation decreases. After
the TMS, the brain was clearly more positive befthre patient started to image the
movement. One second before the motor tasks beginspuld see a negativity appearing
over the fronto-central sites over the right hermnesp. This negativity became more
negative when the patient started to imagine the@ement and spreads to the left
hemisphere. The activation was more pronouncederironto-central electrodes sites
on both hemispheres. The obtained topographic meaps presented as supplementary

material on CD (figure A35).
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» Time Frequency: Left Arm Elevation

o Matched-control

The time-frequency for the electrodes C4 and CP4vell an activation for the
frequencies between +10-30Hz from the -500ms whersubject elevated the left arm.
Then, we could see a deactivation for lower andhérigrequencies and an activation
between +20-35Hz. When the subject lowered the #mere was an activation during
these period, and then we could see a deactivatidoth electrodes. After the TMS, we
could observed well-defined negativity when thejsctoraises the arm, mainly over the
electrode C4. When the subject stopped to perfovenntotor task, we did not see a
deactivation, as we supposed to see. The obtainesiftequency was presented as
supplementary material on CD (figure A36 and A37).

0 Stroke Patient

When the patient begins to imagine the movemerdcination occurs for the
lower frequencies and a deactivation for the hidgregfuencies, and this pattern was more
evident on the electrode C4. Ending the movemeatsee an activation for lower and
higher frequencies, approximately, from 400ms. Aftee 1250ms the negativity was
more marked for the higher frequencies over thetelde C4. After the TMS, when the
patient imagines to raise the left arm, we coulla® activation in the first 500ms for the
higher and lower frequencies over the electrodea@d then we only verify for the lower
frequencies. For the electrode CP4 we only searfactivation for the lower frequencies.
A clear deactivation was seen for the higher andiame frequencies for both channels.
When the subjects stopped to imagine the movenmetiie first 1:000ms on the electrode
C4, we see a negativity for lower and higher fremies, and then we begin to see a
positivity for lower and medium frequencies. Theadbed time-frequency was presented

as supplementary material on CD (figure A38 and)A39

* Quantification Graphs: Left Arm Elevation

0 Matched-control

Overall, the graph showed that the post-cTBS candihcreases the power of
the lower and higher alpha compared to the pre-c@@®lition, except from the period
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between 0 and 2000ms. The beta band had a greater pfter the TMS. The obtained
graph was presented as supplementary material offigilbe A40).

0 Stroke Patient

For the lower and higher alpha we have more powésrb the cTBS condition
between -2000 and -1000ms, 1000 and 2000ms anck&etd8000 and 4000ms. In the
other periods, after the TMS, we have more power tire beta band, we have a bigger
power in the pre-cTBS condition, except from -26®61000ms. The obtained graph was

presented as supplementary material on CD (fig4re) A

* Both Arm Elevation between 8-10Hz

o Matched-control

For the both arms elevation we could see a negyativi the frontal, parietal and
occipital electrodes sites on both hemispheres #2000 to -1000ms and then we see
again from 1000 to 3000ms. Between these periodisarspecific areas the negativity
decreases. On midline over the fronto-central Bdéess sites, from -2000 to 1000ms, the
alpha had a positive power, and in the next twosgs, it became less deactivated. This
deactivation was more defined and more spread glihia first second after the motor
task onset. After this period, the deactivatiorthed alpha power, decreases in the next
second, and then, increases again and startetallaé to the left hemisphere. After the
TMS, the brain was more activated. Two secondsrbdfe subjects raises the two arms
we could see a negativity the fronto-central etatss on the right hemisphere. This focus
was seen in the next second over the midline, lzerthis negativity spreads in the brain.
This activation seen achieves its maximum on bethibpheres, from 0 to 1000ms, and
in the following seconds we could see a decreasthefnegativity becoming more
centered on the midline. The obtained topograplaipswere presented as supplementary

material on CD (figure A42).

0 Stroke Patient

For this motor task, the patient elevated the rigimh and at the same time,
imagines he was raising the left arm. The negatpéttern in the pre-cTBS condition
was well-defined over time. This activation wasrs8800ms before the movement onset
and increases, reaching a maximum 1000ms aftereMaere two focus 2000ms before

the movement, on the right hemisphere was seentbgerentral electrodes and on the
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left hemisphere in seen over the centro-parietdteddes sites. In the next second, we
only see the focus on the right hemisphere ankdse both periods, 1000 to 2000ms and
3000 to 4000ms, the negativity on the right hemesphvas stronger than on the left one.
After the TMS, the brain’s topography was more fesi Two seconds before the
movement onset, we can see a focus on the righispaere. This was more deactivated
compared to the period between 0 and 1000ms. Timéme following seconds, the focus
became more positive and spread to the left herarspbver the central, temporal and
parietal areas. The surrounding areas were moreaterl. The obtained topographic

maps were presented as supplementary material offigilde A43).
» Both Arm Elevation between 10-12Hz

o Matched-control

On the pre-cTBS condition the higher alpha showesialar topography. The
negativity power seen for the higher alpha wasnggeo, and was seen more over the
posterior areas on the right hemisphere. The alglaativation was also seen but it was
not so positivity. In the post-cTBS condition tlipdgraphy of the alpha was the same as
we see for the lower alpha, but it had less neiggatiVhe obtained topographic maps were

presented as supplementary material on CD (figuyi4) A

0 Stroke Patient

The pre-cTBS and post-cTBS conditions were sinafait was described for the
lower alpha. The obtained topographic maps wersgoted as supplementary material
on CD (figure A45).

« Both Arm Elevation between 15-25Hz

o Matched-control

In the first second the brain was deactivated aritie next second became more
positive. In the midline we could see a focus whbeebeta was more positive than the
rest of the brain. In the following two secondsstfocus was less positive and the
surrounding areas become more negative. Afteritsiesecond of the movement onset,
the negativity started to decrease and the foctiseiiidline became more positive and
was extending to the frontal areas. On the post&ad@hdition, the focus seen previously
in the pre-cTBS condition, had the same topograpbynow it had a negative power.

The surround areas were now more positive. Inasedecond, the midline focus became
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more deactivated and the surrounding areas inatetis®r positivity. The obtained

topographic maps were presented as supplementaeyiah@n CD (figure A46).

0 Stroke Patient

For the beta band, before the TMS, the brain was alore negative when
compared to the post-cTBS condition. However, tigigativity was not so strong, as we
saw for the lower and higher alpha. The brain’sotppphy was negative, but this was
stronger after the period -1000 to Oms and couldd®sn on both hemispheres, mainly
over centro-parietal electrodes sites. The postS&@ndition showed a positivity, which
was more intense in the last the seconds. Two ssdoefore the movement onset, we
see a positivity on the right hemisphere, whichapee less positive in the following
second. From Oms we start to observe a deactivatidhe left hemisphere, spreading to
the right hemisphere. Then, we see a strong dedictivextended on both hemispheres.
The obtained topographic maps were presented gdesapntary material on CD (figure
A4T).

« Time Frequency: Both Arm Elevation

o Matched-control

The time-frequency for the C3 and CZ channels fevaaactivation until the first
second after the movement onset. After ending tbeement, there was an activation,
when the subject lowers both arms, and then weasd@activation more pronounced on
frequencies above 20Hz, on C3, CZ and C4 chanAéksy. the TMS, when the subject
lifts both arms, we see again a negativity fordleetrodes C3 and CZ, and appears to be
stringer when compared with the pre-cTBS conditAsmsoon as the movement stopped,
we could see an activation appearing 1500ms osld#wtrode CZ, and for the electrodes
C3 and C4. The obtained time-frequency was predegtsupplementary material on CD
(figure 48 and A49).

0 Stroke Patient

In the pre-cTBS condition we could see a clearvatibn on the electrodes C3,
CZ and C4, when the patient raises the right arthiaragines to elevate the left arm.
This activation was better observed in the elee@d. When the movement stopped, we
did not see a positivity, as it as supposed. Ferelactrode C4, we see a negativity for
higher frequencies. After the TMS, 500ms before 30@ins after the motor tasks begins,
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we see a activation on the electrodes C3, CZ and@ithe strongest deactivation was
seen for the higher frequencies over the elect@@léWhen the movement stopped, we
see only a strong negativity over the electrode @&r the electrode C4, we see an
activation for the lower frequencies when the pdtends the motor task, and a slightly
deactivation for frequencies between 25-30Hz. Thxaioed time-frequency was

presented as supplementary material on CD (figl@ #&nd A51).

e Graphs Quantification: Both Arm Elevation

0 Matched-control

The graph for the lower alpha reveals a reductiopdwer after the inhibitory
protocol for all the periods, excluding from -10@00ms and from 3000 to 4000ms in
which we could observe increased post-cTBS. Foalpblea between 10-12Hz, the post-
cTBS condition had a bigger amount of power aldmg time, except from 1000 to
2000ms. Overall, the pre-cTBS condition had a &igtmount of lower alpha and for the
higher alpha, the power was bigger for the post®&TBndition. The graph for the beta
band, after the TMS, we could observe increased tve, except in the first second.

The obtained graph was presented as supplementdeyiat on CD (figure A52).

0 Stroke Patient

The alpha power between 8-10Hz in the post-cTBSlition increased in all
periods, with exception of 1000 to 2000ms. Fortifgher alpha there was an increase
caused by cTBS between -1000 and 1000ms and ilmagheecond, a decrease was also
seen between 1000 and 2000ms and remained cofrstan2000 to -1000ms and from
2000 to 3000ms. For the beta band we have a hagheunt of power after the TMS until
1000ms and then we start having a decrease comfiathd pre-cTBS condition. The
obtained graph was presented as supplementaryiahateICD (figure A53).

* Right Thumb Opposition between 8-10Hz

o Matched-control
For the matched-control we could see the activatimm -1000ms over
parietal electrode sites predominantly on theHefnisphere. After Oms it spreads to the

fronto-centro-parietal electrodes. After the 2000ris alpha activation started to
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decrease. At 2000 to 4000ms we could see a madaatdidation on the surrounding area.
After cTBS, the focus was detected over the frar@otro-parietal electrodes sites on the
right hemisphere and it was becoming more expaadddnhibited than the surrounding
areas. The left hemisphere was inhibited by thePpBtocol, so we expected to see an
excitation on the contralateral hemisphere. Effetyi, we could see an increase of
negativity of alpha, which suggests it actually weced the desired excitation. The
obtained topographic maps were presented as supptarg material on CD (figure
Ab4).

0 Stroke Patient

For the stroke patient we see a positivity in tveoands before the movement
onset. From -2000 to -1000ms, the deactivationhenright hemisphere was mainly on
central areas, became activated in the followigsé. This negativity spreads to the left
hemisphere over the frontal, central and parid&dteodes sites. Two seconds after the
movement onset, we start to see a positivity imkteand the alpha became more
deactivated in the following period. After the TMae brain’s topography showed an
activation of alpha, before and during the movemiérdm 0 to 1000ms there was a clear
activation of the alpha on the right hemispherer avieole brain. Following that period,
the activation begins to decrease over time. Theimdd topographic maps were

presented as supplementary material on CD (figlo®) A
* Right Thumb Opposition between 10-12Hz

o Matched-control

We start to see the same activation over parigggland then spreads mainly to
the centro-parietal site. After the 1000ms, theatiedy started to decrease significantly
over the fronto-centro areas and over the pargtes the negativity stays with similar
power. After the cTBS, the brain topography wasenwgative. The left hemisphere was
more inhibited comparatively to the right hemisgheshich was more excited. We see
the same topography over centro-parietal site asegefor alpha between 8-10Hz. The
obtained topographic maps were presented as supptarg material on CD (figure
A56).

73



0 Stroke Patient

For the stroke patient the topography and the pafvéire higher alpha was similar
to that one described for the lower alpha, befokafter the cTBS protocol. The
obtained topographic maps were presented as sueptarg material on CD (figure
A57).

* Right Thumb Opposition between 15-25Hz

o Matched-control

Before the movement the brain was more positivee @acond before the
movement started we see the beta band decreasamglyrm two focus over the right
hemisphere, one over parietal and the other, owatdl electrodes sites. In the following
second, this activation spreads to the left hengispland central areas. This activation
looks to decrease from the 1000 to 2000ms, buierfdllowing two seconds, we could
see the two focuses becoming bigger and more negatiter the TMS, the brain showed
a clear activation one second before the movemeginb This activation, on both
hemispheres over fronto-central-parietal electr@ites, became larger and stronger. The
obtained topographic maps were presented as supptarg material on CD (figure
A58).

0 Stroke Patient

The beta band was deactivated on the midline dweefrontal areas, from -2000
to -1000ms. Then, that focus became less poslhvee surrounding areas the beta band
was more activated over the central and parietalsaon both hemispheres. Two seconds
after the movement onset, this negativity startedeicrease and we began to see again: a
focus on the frontal site where the beta band beaawre deactivated over time. After
TMS, the focus that we see on the pre-TMS condgigpears in the second before to the
movement onset. That focus was more activated,lynaithe following second once the
movement onset and 3 to 4 seconds after. The @otadpographic maps were presented

as supplementary material on CD (figure A59).

* Time Frequency: Right Thumb Opposition

0 Matched-control
When the subject began to move the right hand w&l@®e a clear activation on

the electrodes C3 and CP3, which disappeared dimgwgnovement. Once the movement
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stopped, a deactivation on both electrodes appitei;nfrom 1400ms could be detected.
After the TMS, this deactivation and activation,emithe movement began and stopped,
was much stronger and explicit. The obtained tiregdency was presented as
supplementary material on CD (figure A60 and A61).

0 Stroke Patient

Before the TMS condition we could see a distindtgra of activation on the
electrodes C3 and CP3 and when the movement etigedeactivation was seen but it
was not very strong. After the TMS, we still seeaativation once the movement begins,
but was not as strong as we saw before the TMBadtseen a deactivation during the
movement, but this pattern was not seen when thement stopped. The obtained time-

frequency was presented as supplementary materi@Do(figure A62 and 63).

* Quantification Graphs: Right Thumb Opposition
0 Matched-control
The power of alpha between 8-10Hz and 10-12Hz dffterTMS was bigger
compared to the pre-cTBS condition. For the betalpae could see over time a bigger
power before the TMS. The obtained graph was ptedeas supplementary material on
CD (figure A64).

0 Stroke Patient

The lower alpha after the TMS showed a decreaseQms and then, increased
the power up until the end. For the higher alphahaene the same pattern, except in the
last second, where we have a bigger power for teepBS condition. In the first three
seconds and from 2000 to 3000ms, the beta banal $iaslar power in the pre- and post-
cTBS condition. We could see that beta after cTiB& e fourth second was bigger and
in the last second the beta power was bigger befbBS condition. The obtained graph

was presented as supplementary material on CDréfi§a5).

e Left Thumb Opposition between 8-10Hz

o Matched-control
For the matched-control we could see a positivifole the movement and, one
second before the movement started, we begin ta segativity. In fact, the deactivated
focus observed between -2000 and -1000ms on thé lmgmisphere over the centro-
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parietal sites, became more negative in the nextrgke The activation of alpha spreads
all over the brain and, in the next seconds, werbtegsee two focus in both hemisphere
on the centro-parietal electrodes sites. Theseftawws were more positive compared to
the surrounding areas which were more negative. \WWthese negativity started to
decrease in power and in size, the two focus becaore deactivated, mainly on the
right hemisphere. After the TMS we saw a negativitgll brain and when the movement
begins, we could see a more evident activationd@ticentro-parietal sites on the right
hemisphere. This focus was observed one secondeli®® movement begins. Then we
see over the frontal areas on both hemispheregatine focus, which was also present
from -3000 to -2000ms. The obtained topographicswegre presented as supplementary
material on CD (figure A66).

0 Stroke Patient

For the stroke patient between -2000 and -1000msoutl see an activation of
alpha, on the left hemisphere. In the next seciingas seen an activation in the right
hemisphere becoming extended to the left one. 2660 to 3000ms, the negativity
became more spread over the fronto-central-pa@e¢als on both hemispheres. But, this
activation of alpha was more marked over centrdl aosterior areas. After the TMS,
before imagining the movement, the brain was motipe when compared to before
the TMS. When the stroke patient started to imagigemovement, we start seeing a
negativity over the fronto-central areas on botmispheres that become weaker in the
following seconds and a negative focus over tem@oea on the right hemisphere that
remains constant. We also see a deactivation faftas the Oms, over centro-parietal
electrodes on the left hemisphere, which was bewgmmore positive over time until
3000ms. The obtained topographic maps were prasastsupplementary material on
CD (figure A67).

e Left Thumb Opposition between 10-12Hz

0 Matched-control
For the matched-control the topography and alphe@epevas similar to that one
observed for 8-10Hz, before and after the cTBSquat The obtained topographic maps
were presented as supplementary material on CDréig68).
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o Stroke Patient
For the stroke patient the topography and neggtiwviere similar to what we
observed before the TMS for the lower alpha. Atkter TMS, the topography was also
the same, but the power of the negativity obsewas not as strong as we see for the
alpha between 8-10Hz. The obtained topographic maps presented as supplementary

material on CD (figure A69).
e Left Thumb Opposition between 15-25Hz

o0 Matched-control

For the matched-control we keep seeing a focusenight hemisphere, which
was deactivated before the movement, and in thesemond becomes less positive. In
the rest of the brain we see the same negativitywha stronger than we see for the lower
and higher alpha. After the TMS, we observed agdiocus on the centro-parietal sites
on the right hemisphere, before the movement begifter this second and over time,
these negativity spreads to the left hemispheret@tioe frontal areas. Despite what we
see, for the alpha, where the negativity was lared to the right hemisphere, for the
beta band, the negativity was maintained on bothisyigheres. The obtained topographic

maps were presented as supplementary material offigilde A70).

0 Stroke Patient

For the stroke patient, the beta band showed ainegapography. One second
before the patient started to imagine the moventbistnegativity became to spread for
both hemispheres, to the frontal, central and farigreas. This activation remains
affirmative through the time, presenting a maximponver between 2000 and 3000ms.
After the TMS, the brain was more positive. Betwe2A00 and Oms, it appears an
activated focus mainly on the right hemisphere dlierfrontal sites. From this period,
this negative focus became stronger and exterttie teft hemisphere over fronto-central
areas. However, this negativity observed was nattasse as we saw before the TMS.
The obtained topographic maps were presented gdesupntary material on CD (figure
A71).
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* Time Frequency: Left Thumb Opposition

0 Matched-control
When the movement begins we could see a clearasictivaround 10-40Hz for
electrode C4 and CP4. During the movement thavatain was not seen and when the
movement stopped, we start to see the deactivaiifber the TMS, the activation seen
previously, when the subject begins to perform riin@vement, was not observed so
clearly. After the movement stopped, we could olxséhe deactivation, but was not as
strong as we seen before the TMS. The obtained-fieggiency was presented as

supplementary material on CD (figure A72 and A73).

0 Stroke Patient

Before the TMS we see an activation when the petiieperform the task, but this
activation was stronger after the inhibitory pratodVhen he stopped to imagine the
movement, surprisingly it was seen an activatistead of a deactivation in the first
second, in the pre-cTBS condition. Though, the thestton pattern was seen after the
TMS, mainly over the electrode C4. The obtainedetinequency was presented as

supplementary material on CD (figure A74 and A75).

* Quantification Graphs: Left Thumb Opposition

o0 Matched-control

The lower alpha before the TMS was bigger from €@D-1000ms, 0 to 1000ms
and 3000 to 4000ms. Between these periods, cTBf@tda bigger power for alpha. The
higher alpha had a similar behavior to the lowphal This relation was not observed for
the beta band, because we have a lower beta pdteetree cTBS protocol, comparing
with the beta before cTBS. The obtained topographiaps were presented as

supplementary material on CD (figure A76).

o Stroke Patient
The power of alpha between 8-10Hz before the TMS bvgger from -2000 to -
1000ms, 0-2000ms and in the last second. Ovehalalpha before the TMS had more
power. The higher alpha before the TMS was biggenf-2000 to -1000ms and from 0
to 2000ms. The beta band was bigger before théitohy protocol between -1000 and
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2000ms and 3000 to 4000ms. So, for the beta barithweemore power before the TMS.
The obtained topographic maps were presented gdesapntary material on CD (figure
A77).

e Both Thumb Opposition between 8-10Hz

o Matched-control

For both thumb opposition between 8-10Hz, we coiddalize two main focuses,
one over the centro-parietal areas and the other ttre frontal electrodes sites on the
right hemisphere between -2000 and -1000ms. Alsmaller focus was seen on the left
hemisphere over centro-parietal areas in the saneegeriod. We see a diminution of
the alpha power between -1000 and Oms, but afedrpériod we see a deactivation of
alpha on the centro-parietal area on both hemigghenainly on the left hemisphere.
After the cTBS the brain exhibits a negative toapipy. We see the same focus on the
centro-parietal areas on both hemispheres betvi€¥®-and 1000ms. After the 1000ms
the deactivation started to increase mainly orritite hemisphere until the 2000ms, and
in the following seconds, the negative patternrretuThe obtained topographic maps

were presented as supplementary material on CDr€ig78).

o Stroke Subject

The stroke patient showed a negativity in almolsbidin between -2000 and -
1000ms, and this activation increases over thetdroantral electrodes on both
hemispheres, in the next second. The topographytaias over the time and the
activation started to decrease. In the last secgd@) and 4000ms, we see a negativity
increased on the whole brain. After the cTBS protabe topography showed to be more
positive comparing to the pre-cTBS condition. Beawe2000 and -1000ms, over the
fronto-central-parietal electrodes on both hemisp$ienve see a deactivation of the lower
alpha, which was not seen before the protocohédrfdllowing seconds, this deactivation
became more lateralized to the right hemisphertherrontal and central electrodes but
not on the parietal. In the last second it seerasttie negativity was decreasing in the
left hemisphere and the positivity was increasifige obtained topographic maps were

presented as supplementary material on CD (figui@) A
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e Both Thumb Opposition between 10-12Hz

0 Matched-control

The higher alpha showed a similar topography asttidution as we seen for the
lower alpha between -3000ms and -4000ms. Afteiirthibited protocol, we see again
the same topography over the centro-parietal abedshe activation seems to be stronger
than the alpha between 8-10Hz. The obtained topbgramaps were presented as

supplementary material on CD (figure A80).

0 Stroke Patient

For the higher alpha this band was supposed to aaentral topography. But,
we see a focus mainly on the parietal sites owetetth hemisphere which appears from -
1000ms, where the activation was increasing ovee,tiexcept between 2000 and
3000ms. Between -1000 and Oms the activation was se the right hemisphere and
from 3000 to 4000ms it was observed on both hensigzhand became more spread, over
the fronto-central sites. After the protocol wasdisetween -1000 and Oms, we begin to
see an activation on both hemispheres, on the droentro-parietal electrodes,
comparing with the second before. The negativaytet to increase and spreads until we
reach the 2000ms, and then started to decredse following two seconds. The obtained

topographic maps were presented as supplementaeyiai@n CD (figure A81).
e Both Thumb Opposition between 15-25Hz

o Matched-control

The beta band showed bigger deactivation on froaturo-parietal electrodes
over both hemispheres comparing with the surroupndreas. This deactivation decrease
significantly between -1000ms and 1000ms and tmamtains similar over time and the
topography was also the same. The focus on thé miginisphere was not dominant as
we seen for the alpha band. After the cTBS prottitelbeta band showed a negative
power after the -2000ms. This negativity increasgsificantly after Oms in whole brain
and was constant over time. The obtained topogcaphaps were presented as
supplementary material on CD (figure A82).

0 Stroke Patient

The stroke subject showed an activation betwee®0-3&nd -2000ms. This

negativity was seen on both hemispheres, but fhegtaphy showed to be greater on the
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left hemisphere. The negative focus started to beermpositive over time until 3000ms;
the positivity that was seen was also greater enleft hemisphere. After the cTBS
protocol, the positivity saw mainly on the left hephere was now replaced for a
negativity. The activation spreads for the righinsphere and we see a brain with a
clearly negative topography during movement. The&iokd topographic maps were

presented as supplementary material on CD (fig@®) A

* Time Frequency: Both Thumb Opposition

o0 Matched-control

The time-frequency reveals an activation on théalpand for the electrode CZ
when the subject begins the movement, comparinly thé baseline before movement.
When the subject stopped to moving the hands, e skeactivation over the electrode
C3, CZ and C4 approximately between 8Hz to 28HztertAthe cTBS protocol,
principally, over the electrode C3 and C4 we seadciwvation when the subject begins to
perform the movement. We also see for the elect@debut the power was lower
compared with the electrode C3 and C4. During tlewement this activation was not
seen. When the movement stopped we see a deamivatithe electrode C3, CZ and
C4. This deactivation was seen mainly over thetedde C3. Comparing before and after
cTBS, the activation was greater after the inmbitprotocol when the subjects begins
the motor tasks, and the deactivation was biggethi® electrode C3 and lower for the
electrode C4 and CZ . The obtained time-frequenag wresented as supplementary
material on CD (figure A84 and A85).

0 Stroke Patient

The time frequency did not reveal a pattern. Obher ¢lectrode C3 we see a
deactivation greater before movement than whenptteent started to perform the
movement. This may be due to an over-activatiothefnon-injured hemisphere. After
the movement, the deactivation was lower on C3a@¥C4 comparing when the subject
began to perform the movement. Though, after tH&ScWe could see a clear pattern of
activation when the patient begins to perform tlow@ment on all the selected electrodes
and this negativity decrease significantly wherstopped the movement. The obtained

time-frequency was presented as supplementary iaaderCD (figure A86 and A87).
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* Quantification Graphs: Both Thumb Opposition

o0 Matched-control

In the post-cTBS condition, the lower alpha hadghé&r amount of power only
between -1000 and Oms. Thus, we have more alpthe ipre-cTBS condition. After the
cTBS, the higher alpha had more power until reathe€dms and after that period we
have less alpha compared to the pre-cTBS condilibe. beta band after the cTBS
protocol was higher until it reaches the Oms andhfd000 to 2000ms. Between 0 and
1000ms we cannot see the difference between bathtmns and in the last two seconds
there was a decrease after the cTBS. The obtanagth gvas presented as supplementary
material on CD (figure A88).

0 Stroke Patient

For the lower alpha the amount of power in the ting seconds and in the last
second was bigger after the TMS. In the followiegands the pre-cTBS condition had
more alpha until 3000ms. This was also seen folatpka between 10-12Hz. The beta
band had also less power in the first two secomdigré the inhibitory protocol, and in
the following seconds, the power was bigger pre8TBo, we have more beta power
before the TMS. The obtained graph was presentexligglementary material on CD
(figure A89).

As it was indicated, we show the main resultstierpatient and matched-control
for the brain’s topography on table 6. In the sumnable of the quantification graphs
(table 7) we also included the observations forattrol group that was stimulated on
the left hemisphere to facilitate interpretatiomsl aliscussion of the results. When the

lower and higher alpha showed the same tendencgesignated both as alpha.
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S Effects of cTBS for the matched- | Effects of cTBS for the stroke patient
control on the left hemisphere on the left hemisphere

Eyes close Alpha | Alpha |

Right Arm Bota | Beta |

Left Arm ABIQZaf thga 1

Both Arm /Sftga% @ftgai
Right Hand /Sftgaf Q(Iap;ga t

Left Hand /Sftgﬁ /thgai

Both Hand /thgaf h?%%tg%?g

Table 6. Summary table of brain’s topography for the matisbentrol stimulated on the left hemisphere andsthake
patient stimulated on the left hemisphere. Theltesapresent the variation on alpha and beta pavderced by the
cTBS protocol.

CcTBS protocol is applied on| cTBS protocol is applied on| cTBS protocol is applied on
Tasks the control group on the | matched-control on the left | the stroke patient on the
left hemisphere hemisphere left hemisphere
Eyes close Alpha | Alpha | Alpha |
, Alphat Alphat Alpha |
R AT Beta | Beta 1 Beta |
Alphat Alphat Alpha |
Leftamr Beta 1 Beta 1 Beta |
Lower alpha|
Alpha | . Alphat
Both Arm Beta | ngger Alphat Beta |
eta 1

: Alphat Alphat Alphat
R ENE Beta 1 Beta | Beta ==
Alpha?t Alpha? Alpha |
Left ke Beta | Beta | Beta |
Alphat Alpha | Alpha |
20l (RENE Beta | Beta 1 Beta |

Table 7.Summary table for the quantification graphs far ¢tbntrol group, the matched-control and the stpakeent, all stimulated on the left hemisphere.
The results represent the variation on alpha atal fmmver induced by the cTBS protocol.
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6. DISCUSSION OF RESULTS

First we are going to discuss the results for lootitrol groups, and then, for the
matched-control and the stroke patient. To a belisussion we believe it is better to
understand what happens in normal conditionsjn.@ealth, and then to evaluate the
differences between a healthy subject and a stpakient before and after the cTBS
protocol.

6.1 Discussion of results for the controls

Knowing that the right-handedness represents thia bunction lateralization, the
controls were divided in two groups: 5 subjectsengimulated in the right hemisphere
(non-dominant) and the other 6 subjects were s#tedl in the left (dominant)
hemisphere. The subjects that were stimulated wieéhcTBS protocol in the right
hemisphere was supposed to have the brain actitiited in that hemisphere, and in
the contralateral hemisphere should be increasdtenWhe inhibitory protocol was
applied in the left hemisphere, this hemisphereikhbe inhibited and, consequently, the
right hemisphere should be more excited.

It was not found studies to know if the cTBS pratiowhen is applied on the
dominant or non-dominant hemisphere can affectedibtor biomarkers (alpha and beta
rhythms) differently. We only found a study withatiy subjects that received low
frequencies rTMS, the authors reported that whisrpttotocol is applied on the dominant
hemisphere M1 it improves the ipsilateral hand fiom; but when it is applied on the
non-dominant it is not seen significant influensewipsilateral or contralateral manual
dexterity (Weiler et al., 2008). This suggests ttiere can be an influence of the
dominance of the hemisphere on the response to $tifseprotocols.

Eyes closed

When the eyes were closed the group that was sttediin the right hemisphere
had an increase of alpha after cTBS compared tprrae TBS condition while the group
that was stimulated in the left hemisphere hadcaedese of alpha. So, the brain became
deactivated for the first group, as it was expeoctdule for the other group, the brain was
more activated. This difference of results corralbes our hypothesis that the cTBS
protocol affects differently the two hemispheresiciihis accordance to Weilet al.
(2008). Based on this observation, we could suppieastewhen cTBS is applied to the
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non-dominant side there would be a deactivationthenother hand, applying cTBS to
the dominant hemisphere we would observe an aiivat

Right arm elevation

After cTBS is applied to the right hemisphere itheught to occur an inhibition
on the right hemisphere and an excitation on thidmisphere. When the subjects raise
the right arm after the protocol, it is supposedeoobserved an activation on the left
hemisphere, translated into a decrease on the a@ptabeta power of the left side
electrodes. However, in the post-cTBS right armvaien, the obtained result was
opposite to what was expected, showing an incréasthe lower and higher alpha as
well as for the beta. For the other group, whicls atamulated on the left hemisphere, the
inhibition should occur on the left hemisphere,oagsted to an excitation on the right
hemisphere. Therefore, we should see an alpha etad gower increase on the left
electrodes. Although for the beta power the resuéiee contradictory to this theory, for
the lower and higher alpha power we obtained thpeeted increase after the right arm
elevation post-cTBS.

Left arm elevation

On the group that received cTBS on the right heh@sp, when the subjects raise
the left arm after the protocol, it is supposedbéoobserved a deactivation on the right
hemisphere, translated into an increase on theaadpld beta power of the right side
electrodes. On the contrary, when the protocol aygsied to the left hemisphere, we
should observe an activation on the right hemisplassociated to an alpha and beta
decrease. In this motor task the group that wasutdited on the right hemisphere showed
results consistent with the estimated; on the ogveup the power was supposed to
decrease but, instead, it increased for all fregesn

Both arms elevation

When the subjects elevated both arms, the brainma@e deactivated for the
group that received the cTBS on the right hemisplagd in the other group, the brain
was more activated. This was already described viiheriwo groups were with eyes
closed and in accordance with our hypothesis tiitatc¥BS applied to the non-dominant
side there is a deactivation whereas when the ¢3Bfplied to the dominant hemisphere

we observe an activation.
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Right hand opposition

For the right hand opposition, the group stimulated in the left hemisphere the
graph shows a bigger increase of power mainlytfeddwer and higher alpha, and is also
seen for the beta band. This was expectable beagatiss group the brain activity on the
left hemisphere was more inhibited, so it was sepddo have a bigger amount of alpha
and beta compared to the pre-cTBS condition. Omther group, overall, the power for
alpha frequencies, decreased as it was supposaddeethe left hemisphere was over
activated due to the right hemisphere inhibition.

Left hand opposition

On the next motor task, left hand opposition, weimied an increase of power
for both the alpha and beta bands when the cTB®gobwas applied to the right
hemisphere. These results were in accordance tbymathesis that applying cTBS to
the right hemisphere, we would have an inhibitiontlois hemisphere accompanied by
an alpha and beta increase. For the other grougrenthe cTBS was applied on the left
hemisphere, the alpha frequencies in study shougedaapower increase for the post-
cTBS condition, though we expected a decreasepblgbower related to an excitation
on the right hemisphere. The beta band showedraaee for this group after cTBS as it
was supposed.

Both hands opposition

For the last motor task, both hands oppositwhen the cTBS protocol was
applied to the non-dominant hemisphere it increasgdys the beta power independently
from the movement performed. On the other handth®idominant hemisphere that was
not verified since the beta power varied accortinte type of movement. In this group,
beta behavior was more consistent with the expesteeh performing more precise

movements, i.e. finger opposition.

Analyzing the table 5, when we applied the cTBSgrol to the non-dominant
hemisphere the alpha power remained always inalefasdess complex movements,
such as arm elevation, showing the same behavibetas For finger opposition tasks,
alpha behavior seemed to correlate to the moveniéetapplication of cTBS protocol
to the dominant hemisphere resulted on change$pba @ower for the arm elevation
task. So, the right and the left arm elevationttedn increase of the alpha power, while

the both arms elevation showed a decrease. Fdimtler opposition the alpha always
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increase independently from the movement. This \lag,application of cTBS to the
dominant hemisphere demonstrated that mainly tht@ band was influenced by the
motor task. The alpha band was not dependent andlhar task, except for the both arms
elevation, while the beta band was more relateédihe movements. The stimulation of
the non-dominant hemisphere with the inhibitorytpeol resulted on alpha variation
associated to the task for the more complex movisraatd the beta band increased after
the cTBS and this was not dependent on the matkr ta

There were no relevant differences between lowehagher alpha on every tasks,

for both groups analysis.

6.2 Discussion of results for the matched-controlral stroke patient

We only had one stroke patient, and therefore, seel @wne control to compare the
results oftopographic mapand time frequency. The cTBS protocol on both sagas
applied on the left hemisphere. Additionally, wengared the quantification graphs
between both subjects (patient and matched-cordgmal)the whole group stimulated on
the left hemisphere. Thus, this hemisphere wasasgupto be more inhibited after cTBS,
so we should have more alpha and beta power, aigtht hemisphere was supposed to
be more excited, therefore, we should have ledsaadipd beta power. We applied it on
the left hemisphere in the stroke patient to trge¢orease the activity on the non-lesioned
hemisphere which was over activated and, conselguentrease the activity on the

lesioned (right) hemisphere due to interhemisphmimections (figure 27).

Azufie stroko

" cTBS protocol applied on 3
the left hemisphe

The right hemisphere The left hemisphere
becomes more excit becomes more inhibit

Figure 27. Schematic illustration of the effects when th&8&Tprotocol was applied on the left hemisphere ¢ostioke patient.
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Eyes closed
When the eyes were closed, on the topographic magon the quantification

graphs, we saw a decrease on alpha power after pi@&col for both the patient and
the control. Therefore, the brain became more aittl These results were similar to
those obtained for all the controls stimulated fom feft hemisphere. We hypothesized
that when cTBS is applied to the dominant hemispliemduces an activation on the
brain’s topography as we could see onttdpographic mapfor the patient and matched-

control.

For the motor tasks, three different types of eveldted ERD/ERS patterns at
the scalp EEG have been mainly described, which are

1. ERD in the mu and beta band about 2 seconds bisferovement onset
over contralateral sensorimotor areas;

2. Alpha and beta ERD spreads symmetrical and bil&temsith the
movement initiation;

3. Within the first second after the movement offseseéen a contralateral
dominant beta rebound (beta ERS), while mu rhytairstiil seen with a
desynchronized pattern.

Right arm elevation

Before the stimulation, for the matched-controltloa first motor task, we did not
see a marked event-related ERD. This motor taskh#@ostroke patient, showed a focus
of activation on the centro-parietal areas fofralfjuencies in study and this focus spread
bilaterally. According to Amenguat al. (2014) stroke patients recruit the same areas of
the brain for simple motor commands as if it was@e complex task. This can be the
reason why we saw a focus of ERD for the strokeepabut not for the matched-control.

After cTBS protocol, for right arm elevation, theagtification graphs showed an
increase on alpha (higher and lower) and beta péavéhe matched-control, like it was
supposed. However, for the stroke patient thereandecrease on alpha and beta power.

Left arm elevation

For the following task, left arm elevation, obseryithe pre-cTBS condition, the
non-dominant hemisphere of the matched-controlgortesl an activation between -2000
and Oms followed by a deactivation. Despite whatsaw for the right arm, for the left

arm the focus became bilateral with the movematiaiion, as it was expected. The left
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arm showed a bigger ERD focus compared to the aghttask, which is in agreement
for what has been described by &wl. (2006). After the TMS, the brain’s topography
was more negative, therefore, more activated. Fostroke patient, before the cTBS we
saw an activation pattern for all frequencies udgt on both the affected and unaffected
hemispheres, when he imagined to elevate the feft &his was already described by
Schereret al. (2007). The ERD found for the patient, due to dimmensions and
topography, can be associated to the higher imgaitiand spasticity according to Kaiser
et al. (2012). After the cTBS protocol, the activati@es previously was reduced mainly
for the higher alpha and beta band.

Along with left arm elevation post-cTBS, on the @na we observed an increase
of alpha and beta power for the matched-contrdwas noticed for the group analysis,
although this effect was contrary to what we exgecEor the stroke patient, on the other
hand, we saw the expectable decrease in all fretpemfter the application of the
protocol. Nevertheless, since he imagined the mewtnand we saw the same pattern
when he lifted the right arm, we cannot assure tthatdecrease was directly correlated
to the task performed. In this motor task, the cT@B8tocol seemed to also have a
different effect on the patient compared to theticos.

Both arms elevation

Analyzing the both arms elevation for the matchedtwl, the cTBS protocol
diminished the alpha power for the lower and higheguencies, while for the beta band
we saw an increased power. For the first time, ave & different effect for the alpha and
for the beta band after the cTBS, which was alreeberibed by Shaét al. (2014). For
the stroke patient, this motor task showed a sim&RD pattern and the topography was
the same as we saw for the left arm. We can hypfehat when the patient imagined
a movement the ERD was stronger enough to spreaallforain. After the TMS, the
lower and higher alpha and the beta band became pasitive in comparison to the pre-
cTBS condition.

On the quantification graphs we saw for the matat@urol a decrease of power
for the lower alpha after the TMS but, at the s@ime, an increase for the higher alpha
and beta bands. This was the first task demonsiyatidifference between higher and
lower alpha response to cTBS. Interestingly, thmugranalysis revealed a decrease of
power after cTBS, mainly for the higher alpha amthlpower. For the stroke patient,

there was an increase of both alpha bands; therefa did not see a different pattern
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between lower and higher alpha, as we saw for taemed-control. Despite what we
visualized for the alpha band, the beta power dse@ after TMS. Again, the cTBS
protocol influenced differently the stroke patieagmpared to the matched-control,

except for the higher alpha behavior.

The three motor tasks performed with arm(s) elewidiid not show the expected
event-related ERD/ERS patterns at the scalp EE@Glyfar the matched-control. This
was probably due to this tasks not being complexigh for the healthy subject to induce
the patterns. The number of repetitions could atstobe sufficient to show the patterns

for the mu and beta band.

Right hand opposition

For the matched-control, in the fourth motor tasdhi thumb opposition), before
the cTBS protocol we could see a focus of activatib central and parietal electrodes
sites mainly for the lower and higher alpha. Fasthfrequencies, during the movement
we saw a deactivated focus near an activated fobiit we saw may have been the
“focal ERD/surround ERS” which had been describgddveral authors, such as, Neuper
& Pfurtscheller, (2001). As it was seen for the lowed higher alpha this was not as
specific for the higher alpha as it was describgdRbmos-Murguialday & Birbaumer,
(2015). These two focus showed an opposite povier thie TMS. For the beta band we
did not see the “focal ERD/surround ERS”, but isvgaen a spread of the beta band with
the movement initiation as it was illustrated®amos-Murguialday & Birbaumer, (2015)
and McFarlandet al. (2000). After the TMS, the brain was more actidafer all
frequencies and on the time-frequency we saw arbbtaund within the first 500ms after
the movement offset, which follows what Neupeal. (2006) had already described. For
the stroke patient, on the pre-cTBS condition,asvebserved an activated focus in the
first second before the movement onset on the taflebemisphere for the lower and
higher alpha. For the beta band, we saw two focubaih hemispheres over centro-
parietal electrodes sites.

On the quantification graphs, associated to thatrigand opposition, it was
supposed to occur an increase on alpha and beter @fter the TMS. The increase on
alpha was observed for both the patient and thelradtcontrol. However, analyzing the

beta band, we saw a different response between nthtehed-control and the
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corresponding group. In this task, the patient sftba similar effect of cTBS for alpha
power but not for beta, when comparing to the hgatdividuals.
Left hand opposition

For the matched-control, in the left hand oppositiavas seen a strong activation
for the mu and beta bands, before the TMS. Comgadha movements with the right
handversus the left hand we did see bigger hemispheric asytmesefor the right hand
and this was in accordance with McFarlaatdal. (2000). Also, we did see a bigger
activation for the non-dominant hand comparindieedominant hand, as leual. (2006)
described. For the stroke patient we saw a desgncdation on the left hemisphere and
this was already described by Scheserl. (2007). The large activation saw on the
contralateral hemisphere, according to Kagsal. (2012), was probably due to the higher
impairment of the patient. The brain topographgrathe TMS for the stroke patient
showed the same decrease in the negativity thatadeseen to the left arm.

In this motor task, it was expected a decreasdpbfaaand beta power on the
quantification graphs following the cTBS protocblowever, analyzing the matched-
control alone and the whole group that received® DB the left hemisphere, we had an
increase of lower and higher alpha and a decrehbeta power. The stroke patient
revealed a different pattern for alpha, showing@eéase of power, corresponding to what
was described above as being expected.

Both hands opposition

In the last motor task, both thumb opposition, eit&ndet al. (2000) described

that we should see two main focus of desynchroizdbr the mu which should be
stronger on the left side of the brain. On the @mwt for the lower and higher alpha, we
saw two main focus of synchronization. The topobyafor the alpha band was in
accordance with McFarlaretal. (2000) findings since during movement preparatien
focus was bigger on the right hemisphere, but tvee it became stronger on the left
hemisphere. For the beta band it was seen a difftymmraphy, two seconds before the
movement, which was also in accordance by McFaiaald (2000). After the TMS, the
brain’s topography was highly activated for thegfrencies in study, mainly for the beta
band. For the stroke patient, on the pre-cTBS ¢mmgimainly the lower and higher
alpha showed an activation pattern on the braopedgraphy. In this motor task, when
the patient was performing the movement for thatrlgand and imagining for the left

hand, the excitability of the motor neurons wasucedl only for the alpha band. This
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motor task did not show a bigger ERD which couletkelained by the subject not being
imagining the movement. After the TMS, the loweyhal became more positive and the
higher alpha and the beta band became more ddactiva

When the matched-control and the stroke patientltédooth hands opposition,
we saw in box and whiskers plots a decrease ofrl@me higher alpha after cTBS,
contrary to what was observed for the whole grooglyessis. cTBS decreased the beta
power for the stroke patient and the control gr@lihnough for the matched-control there

was a beta power increased.

Comparing table 6 and table 7, for the motor tasks can observe some
differences between the quantification graphs dmel lbrain’s topography results,
associated to the different methodologies. Werasdhat this happened because for the
brain’s topography we had 62 electrodes selectabkvidr the quantification graphs we
selected 7 electrodes of interest for the task®peed with only one upper-limb and 13
for the tasks performed with both upper-limbs.

According to the results described in section 6d. &2, some of the observations
were different from what we supposed to have. Amaidaet al. (2013) reported in their
study, some of the subjects could have been exoistdad of being inhibited on the
hemisphere where we applied the cTBS protocol.athkors also assumed that this fact
could be explained by differences in the recruitmeicortical neurons which was
observed when the MEP’s latency was analyzed. liemiret al. (2010) and Hamadet
al., (2013) also described some variability assodi#bethe orientation and location of
the coil, the state of the cortex and the vigilaotthe subjects, which are also important
factors that can affect the EEG response. So, leetwlkee matched-control and the
subjects of the group, the results were not alwsgslar probably due to the inter-
individual variability on the response to the TMSHnique. For the motor tasks, between
the matched-control and the stroke patient theme wken seen different results for the
frequencies in study. This is almost certainly exptd by the impairments due to the
stroke, although we cannot exclude the influencatef-subject variability

Ramos-Murguialday & Birbaumer, (2015) stated thaivas described in the
literature a different topography for the lower dmgher alpha, but in our results we could
not see this different topography, which can betduzur sample size.
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In this study we chose only active movements bexagsording to Parkt al.
(2014) there is bigger desynchronization for actwevements than for passive
movements. And we saw that movements with handscedl more deactivation and

activation for the alpha and beta bands than theements with the arms.
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7. LIMITATIONS OF THE STUDY

The research studies in humans have differentdimits. It took a couple of
months to design this study, because there werg g@cerns to take into account and
due to the patients being in acute/subacute phasprocedures were reviewed in order
to not disturb the patient's condition.

The recruitment of patients only started in Febyward our inclusion criteria was
very limited to homogenize our sample. Due to thressons the number of subjects that
could be included in the study was highly affect®dbjects who met most the criteria
had to be excluded mainly due to their clinicalaiton. These were the main causes by
which we only had one patient who participatechia study.

Part of the results obtained for the patient arel tatched-control are not in
agreement for what has been described in the tliteravhich can be due to the small
number of subjects used. The protocol for motokgahould have more trials to have
better results. But, as we had a limited time ahercTBS protocol, the maximum we
were able to do was only 6 repetitions for movemment

The onset of the motor task, was defined when edhe order, but sometimes,
the subjects performed the motor task immediately ather times, took a while to
perform. Therefore, this is the reason why sometjme see a deactivation happening
one or two seconds before the onset movement.

One of the limitations was the impossibility to feem an EEG one and/or two
months after cTBS session in the patients. It cgiud us valuable information about the
brain’s physiology and its evolution. However, wedhto decide only after 3 months,
because it was when the patients have an appoihah@HUC.

The control recruitment was also very difficult safering the age of the subjects.
The number of hours for one session was also amdas which many subjects did not
want to participate.

After processing the data, the scale used in then@fication graphs sometimes
did not allow us to easily see the statistical gigant changes, obtained through the

Wilcoxon test, between the two conditions, pre past-cTBS condition.
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8. FUTURE WORK

In the next month we are going to do the followstyedy to the stroke patient, but the
sample is too small to achieve significant conduasi So, the main objective in the future
is to have a bigger number of stroke patients toiexe a repost to the following
objectives:

* In patients, 3 months after the stroke, we can sassk there was some
improvement in the motor biomarkers and if they evéinked to previous
alterations in the first session;

« Compare the results between patients based oresi@ns$ location to evaluate
which one may benefit the most from the cTBS;

» Compare the patients who were able to executesbimagine the movement to
assess if there were brain differences betweemr thdgects after cTBS session;

» Evaluation of desynchronization will be inter-indiually and intra-individually
to analyze if there is a correlation between p#ien the evolution of motor
deficits in a 3 months period,;

* Analyze if the results can help to ensure a safthogeto use as a prognostic
measure about recovery ability and able to offguale in the path to build

personalized rehabilitation treatments.

With these results, we can perform this study whih same protocol in chronic
study patients in the Rehabilitation Hospital Rowifais. At this hospital we are going
to apply 10 sessions of cTBS, to act as treatnedral.

The motor tasks for the healthy subjects can bédifired. Instead of each
movement lasts 15 seconds, if it lasts 5 secondwid increase the number of our trials
and therefore, we may see a better event-relat&EHRS patterns at the scalp EEG. For
the stroke patients will be assessed if the duradfceach trail can be changed as well.

For the control group we are going to make a trrtnalysis to analyze if the
differences that we observed for the dominant dechbn-dominant hemisphere are not
caused by an excitement instead of being inhilwtethe hemisphere where we applied

the cTBS protocol.
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9. CONCLUSION

The results in our study showed significant differes when the healthy subjects
received the cTBS protocol on the dominant and chaminant hemisphere. The
matched-control and the stroke patient, which rekthe inhibitory protocol on the left
hemisphere, also showed the differences betweemmiepost-cTBS. Moreover, they
presented similar results to those obtained forthadl controls stimulated on the left
hemisphere. Taking into account our results, thleviing scheme, figure 28, represents

our conclusions for our sample:

When cTBS protocol is applied on

l 1

Dominant hemisphere Non-dominant hemisphere

The brain becomes more The brain becomes more
activated deactivated

| |

Hypothesis: The effect of cTBS protocol depends on the hemispheric dominance
to excite or inhibit.

Figure 28. Effects of cTBS when it is applied on the dominamd non-dominant hemisphere.

On the motor tasks for both control groups, we s&t/for the group that received
the cTBS on the non-dominant hemisphere, the alffeanges with more complex
movements and for the other group, the beta barsdwae influenced by the same type

of movements.
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For the matched-control and the stroke patientthenbrain’s topography, the
motor tasks showed that the cTBS had a differdatefor the arms tasks, except for the
right arm elevation task. Interestingly, for thenaopposition tasks, the effects after
cTBS were the same for both subjects. We hypotadstrased on Amengusilal. (2014)
study that this could have occurred because amaid® on the healthy subject did not
activate the same brain areas as for the strokenpafor the patient this task was more
difficult than for the matched-control; therefohe recruited different areas of the brain
as it was a demanding task. So, the cTBS had ereliff effect. For the hands tasks, both
subjects showed the same effect after the inhipjtootocol, which can be related to the
complexity of the task. In fact, this task was mooenplex either to the healthy individual
as to the patient. So, the same brain areas wengtesl.

As conclusion, this inhibitory protocol changes tirain’s physiology and this
was observed when the subjects had the eyes clbsednotor biomarkers (mu and beta
band) were affected by the cTBS protocol for altondasks. It was also seen that fingers
opposition task affected more the mu and beta rhgtbompared to the arm(s) elevation
tasks. Therefore, the patterns of ERD/ERS wereebetieen for more complex

movements.
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APPENDIX | — Admission form

THE ROLE OF EEG AS A BIOMARKER TOOL IN ASSESSING PLASTIC CHANGES INDUCED BY
TRANSCRANIAL MAGNETIC STIMULATION IN STROKE PATIENTS

Admission date: _ / /

Name: Subject ID:

[J Male [JFemale DOB:_ [/ |/ Age at mgmon:

Relevant health problems history:

Family history:

Medication (with dosages):

Patient’s state:

Stroke Time since stroke:

Al



Imagiologic exams (with results):

Lesion characterization (classification & localipat):

Neurologic deficits:

Affected hemispherdd left 0 right /0 dominantd non dominant

Observations:

Conventional rehabilitation treatment:

Experiment

Inclusion Criteria

Yes

No

1. Aged between 18 and 80 years

2. Poststroke period 7 £ 2 days

3. First-ever MCA stroke

4. Cortico-subcortical stroke

(2]

. Upper limb motor deficit LEVEL

. Ability to understand the tasks

~N| O

. Modified rankin scale pre- strokel

A2




Exclusion Criteria

Yes

No

. Cognitive impairment

. Dementia previously documented

. History of epilepsy

. Neglect

. Posterior or global aphasia

. Hemiplegia

. Pregnancy

. Drug and alcohol abuse

O | N o gf &Ml W N

. Intracranial metallic implant

10. Artificial cochlear implant

11. Implanted pacemakers or medication pump

13. Other

Modified Rankin Scale
(Date, result)

NIHSS
(Date, result)

A3




APPENDIX Il — Subjects did not join the study

THE ROLE OF EEG AS A BIOMARKER TOOL IN ASSESSING PLASTIC CHANGES INDUCED BY

TRANSCRANIAL MAGNETIC STIMULATION IN STROKE PATIENTS

Number of

Reason not to join the study

5 days.

patients Sex Age

1 M 47 Not comfortable with machines.

2 M 75 Respiratory infection the day before the
exam.

3 M 72 Transferred to Figueira da Foz before
completing the 5 days.

4 M 79 Lack of collaboration to participate and
including the treatment needed in hospital.

5 M -9 Lack of collaboration to participate amnd
including the treatment needed in hospita|l.

6 F 68 Family did not agree with their participation.

7 M 80 Excluded due to his clinical history

8 M 68 Did not have interest to participate.

9 M 70 Respiratory infection the day before the
exam.
Respiratory infection the day before the

10 F 79 .
exam (plegia, fever)

11 M 72 Respiratory infection.

12 F 76 Coma (imminent cerebral death)

13 F 78 None collaboration to participate.

14 F 72 Went to ICU.

15 M a1 Transferred to Aveiro before completing the
5 days.

16 M 56 Transferred to Porto before completing the
5 days.

17 = 20 Transferred to Leiria before completing the

A4



APPENDIX Ill — Clinical report form for stroke patients

THE ROLE OF EEG AS A BIOMARKER TOOL IN ASSESSING PLASTIC CHANGES INDUCED BY
TRANSCRANIAL MAGNETIC STIMULATION IN STROKE PATIENTS

Admissiondate: _/ /  Time since stroke: __ Follow-up date: _ / [
Name: Subject ID:___
Education level: Job:

Address:

Phone number:

Edinburgh Handedness Inventory

Structural MRI results :

Wolf Motor Function Test:

Performance time before after 3 months follow-up:

Functional ability score before after 3 months follow-up:

EEG observations

TMS [ real (] sham First time doing TMS? [ Yes [LINo

UNAFFECTED HEMISPHERE

Muscle
Before cTBSMT 3 monthsMT
Before cTBSIMT After cTBS rMT 3 monthsrMT
Active MT 80% active MT

A5



AFFECTED HEMISPHERE

Mean of MEP test/mean of MEP conditioning

Before Affected After Affected
MT L MT L
rMT _ rMT _
SICI (1/3/5 ms) A sicr 1
ICF(10/15/20ms) [ [ ICF | |
LICI (50/100/150 ms) [/ [ o R A A

3 months  Affected

MT L
rMT -
SICI [
ICF 1

Side effects:

AFTER SESSION

The patient think that was stimulated wili Sham or[d Active

The patient was: [0 Confident with his answer
1 More or less confident with his answer

O Not confident with his answer

A6



APPENDIX IV — Clinical report form for controls

THE ROLE OF EEG AS A BIOMARKER TOOL IN ASSESSING PLASTIC CHANGES INDUCED BY
TRANSCRANIAL MAGNETIC STIMULATION IN STROKE PATIENTS

Admission date: _ / /

Name: Subject ID:

Education level: Job:

Address:

Phone number:

Edinburgh Handedness Inventory

Structural MRI results :

EEG observations:

TMS First time doing TMS? [ Yes LINo
HEMISPHERE
Muscle
Before cTB8MT __ Before cTBSIMT ___
Active MT

A7



Before
MT
rMT
SICI (1/3/5 ms) |

ICF (10/15/20ms) [/

LICI (50/100/150ms) [/ |/

Side effects:

HEMISPHERE

Mean of MEP test/mean of MEP conditioning

/

/

After

MT

rMT

SICI

ICF

A8




APPENDIX V — Sides Test Manual - Inventory Edinburch

Name:
Date: / /
Put an X in the right column Left Both Right
1 | With which hand you usually write?
2 | With which hand you draw?
3 | Which hand you use to throw a ball and hit a basket
4 | Inwhich hand you use your tennis racket, squdsi?, e
5 | In which hand you use your toothbrush?
6 Which hand holds a knife when you cut things? (not
using a fork)
7 Which hand holds a hammer when you're pounding a
nail?
g | When you light a match, which hand holds the sti¢k?
g | In which hand you use an eraser on paper?
What hand removes the top of the card when you are
10 giving the cards? (Ex. When you are the player who
gives the cards at the game, which hand you use to
distribute the cards that will be placed on thégap
11 Which hand holds the line when you're tucking iato
needle?
12 | In which hand you hold a ‘kill-fly "(to kill a fly)
Subtotal
Total

33-36: Strongly right-handed
29-32: moderately right-handed
25-28: Weakly right-handed

24: Ambidextrous

20-23: Weakly left-handed
16-19: Moderately left-handed
12-15: Strongly left-handed

E = 1 point; A = 2 points; D = 3 points.
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APPENDIX VI — Security Questionnaire for Transcranial Magnetic Stimulation

Name: Investigator:

Date of birth:__ / __/ Date:_ [/ _/

To be completed by the participant:

1 - Do you have epilepsy or have you ever had ausion or a seizure? o Yes o No

2 - Have you ever had a fainting spell or syncdpg@s, please describe
on which occasion(s)? o Yes o No

3 - Have you ever had a head trauma that was dsaginms a concussion

. . . oYes o No
or was associated with loss of consciousness?

4 - Do you have any hearing problems or ringingdar ears? oYes o No
5 - Do you have cochlear implants, ear canals diteny implants? oYes o No
6 - Are you pregnant or is there any chance thatrgight be? oYes o No

7 - Do you have metal in the brain, skull or elsevehin your body (e.g.,

. . . Yes No
splinters, fragments, clips, etc.)? If so, spetify type of metal. . -

8 - Do you have an implanted neurostimulator (fagus nerve
. . o . . . . o Yes o No
stimulation, deep brain stimulation, epidural /dwial stimulation, ...)?

9 - Do you have a cardiac pacemaker or intracatulias? oYes o No

10 — Do you have a medication infusion device oneatravenous

. . . o Yes o No
infusion device drugs?

11 - Are you taking any medications, alcohol org#® (please list) o Yes o No

12 - Did you ever undergo TMS in the past? If seraxthere any
problems. oYes o No

13 - Did you ever undergo MRI in the past? If serevthere any
problems. oYes o No

Participant signature:
, Caimb/__/

Investigator Signature:
Jcaim /_/

An affirmative answer to one or more questionshefnumbered 1-11, is not absolute contraindicaban,

the risk / benefit should be calculated and shbeldiven to the non-inclusion of the subject inghely

Al0



APPENDIX VIl — Security Questionnaire for MRI

Project nr.:

Exam nr.:

(to be filled by the service)

Surname: Name: Height: cm Weight:_ kg
Date of birth: / / Phone: E-mail:

Address: Locality:

Postal code: Municipality:

Contact name for urgency: Phone:

Doctor: Address: Phone:

1. Have you ever been submitted to any surgery and/or invasive procedure? Yes [0 No O (If affirmative, specify below)
Type: Date: / /
Type: Date: / /

2. Have you ever carried out any Magnetic Resonance Imaging? Yes O No O (If affirmative, specify below)
Body area: Date: / / Local:

Body area: Date: / / Local:

3. Have you worked as a machinist, with metal, or do you usually deal with metals? Yes O No O
Have you had any injury with metals in the eye? (p.e.: metallic pieces or foreign body) Yes 0 No O

4. Areyou (or can you) be pregnant or breastfeeding? Yes 0 No O

Do you suffer from sickle-cell anemia or thalassemia? Yes O No O

6. Do you have pacemaker or an implanted heart defibrillator? Yes 0 No O

v

The Magnetic Resonance Imaging (MRI) uses a very ¢in magnetic field, quickly modified magnetic fieldgradient
and uses high radiofrequencies. Some metallic anéeetromagnetic objects can interfere with the exanand even
be dangerous. Before you are allowed to enter, weust know if you have any metallic object in your bdy,
electromagnetic equipment or if you fit in some ofhe circumstances described bellow. Please answariectly.

Yes No O Aneurysm clip or cerebral clip

Yes No [0 Vascular clamp in the carotid artery

Yes No OO0 Neurostimulator

Yes No I Insulin or infusion pump

Yes No [0 Cochlear implant, ear canals or ear implant
Yes[ No O Prostheses (eye/orbit, etc)

YesO No O Implant placed by a strong magnet

Yes No O Prostheses of cardiac valves

Yes No I Artificial limb or joint

Yes No O Other implants in the body or head

Yes[ No O Electrodes (body, head or brain)

Yes No O Intravascular stents, filters or other similar ideg
Yes No O Shunt (intraventricular or cerebral)

Yes[ No [0 Catheters or vascular access port

Yes No O Intrauterine device or diaphragm

Yes No [0 Adhesives or therapeutic dressings (p.e.: nicptine
birth control, pain, etc)

Yes No O Metallic shrapnel or bullets

YesO No [0 Tattoos

Yes No O Eye shadowremove before enter)

Yes No O Piercingremove before enter)

Yé3 No O Metallic fragments (p.e.: eye, skull, body)
Yi@sNo O Aortic clip
Ye&1 No OO0 Metallic implants or wire mesh
Yell No O Surgery staples or sutures
Yeo [0 Harrington bars (column)
Y@sNo O Fastener, screw or plate in the bone/joint
YédNo [0 Wig (remove before enter)
YeédNo O Fake hair
Yes[d No [ Hearing aidremove before enter)
YéddNo O Denturegremove before enter)
YddNo 0 Dental implants
Yed1 No O Asthma or respiratory diseases
YEesNo O Dizziness, epilepsy or motor incoordination
Yes[ No [ Hospitalization by mental or neurological
problems
YesNo O Head trauma
Yes[ No [0 Migraine or migratory headache
Yes No O Panic attacks
YesO No O Infarct or stroke
Yes[ No [0 Health problems when laying on your back
YesO No O Problems completing previous MRI exam
Yes[d No O Claustrophobia

Please remove every metallic objects before entegrthe MRI room including: keys, pins for the hair, earrings,
watches, necklaces, bracelets, pens, belts, metaliuttons, metallic props (p.e.: brooches, pins, €, clips, coins,

All



pocket knife and clothes with metal. It is requiredear protection during the exam of MRI.

I confirm that the above information is correct @cling to my best knowledge. | have read and unoedsevery
guestions and terms referred in this form. It wiagmy me the opportunity to ask every question tHatind necessary
and my doubts regarding this form were all cladfie

Signature: Date: / /
Conferred by: Date: / /
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APPENDIX VIl — Acaquisition Lab

Figure Al. Acquisition lab

Al3



APPENDIX IX — Wolf Motor Function Test

Patient ID:
BEFORE cTBS | BEFORECTBS | AFTER cTBS AFTER cTBS | ° Monﬂl‘f Follow- | 3 Monﬂl‘f Follow-
Task Time (sec) FAS (0-5) Time (sec) FAS (0-5) P P

Time (sec) Time (sec)
Affected Member Affected Member Affected Member é&dfed Member Affected Member Affected Memb:t

Forearm to table (side)

Forearm to box (side)

Extend elbow (side)

Extend elbow (weight)

Hand to table (front)

Hand to box (front)

Reach and retrieve

Lift can

Lift pencil

Lift paper clip

Stack checkers

Flip cards

Turn key in lock

Fold towel
Lift basket

TOTAL
Table 8.Data Entry Form- Wolf Motor Function Test
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APPENDIX X — Wolf Motor Function Test

(A)

(B)

Figure A2. (A) Standardized test item template taped to thek;d@) Equipment required to perform the WMFT: widual wrist weights, pencil
with 6 flat sides, paper clip, checkers, three ruatels, standardized lock and key board at 45 degymgle, standardized face towel, standardized
basket and beverage can.
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APPENDIX X| — EEG and EMG setup

(A) (B)

Figure A3. (A) Equipment required to perform EEG and EMG: gleyvswabs, alcohol, Nuprep, two 25 ml syringes,t&&G cap which connects
to image B, EEG cap is filled with Electro-Gel, tarEMG electrodes which connects to image D and EN&Btrodes are filled with Ten20
conductive paste; (B) Head box which connects taGEBp and image C; (C) NeuroScan amplifier which eotsto the computer; (D) Biopac

system used for EMG which connects to the computer.
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APPENDIX XIlI — Neuronavigation setup

(8) (C)
(A)

G,
(€) ) (©) (0)

Figure A4. (A) Main Unit; (B) Pointer (digitizer pen); (C) Tee ultrasound marker with adapter; (D) MAXX-2 withshap
design; (E)TMS coiler holder; (F) Triple Marker; X&dhesive Stickers (C. Goebel, et al. 2012. TM&iddnavigation for CMS:
Measuring System)
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APPENDIX Xl — TMS setup

(A)

Figure A5. (A) Transcranial Magnetic Stimulation machine; @jrplugs; (C) Earphones.
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APPENDIX XIV — Schematic representation of the experimental procede in stroke patients

Magnetic
Resonance
Imaging

Wolf Motor
Function Test in
the affected limb

EEG recording

Neuronavigation
Setup

PP-pulse in the
affected
hemisphere

cTBS in the
unaffected
hemisphere

PP-pulse in the
affected
hemisphere

EEG Recording

Wolf Motor
Function Test in
the affected limb

Figure A6. Schematic representation of the experimental phaeein stroke patients.
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APPENDIX XV — Schematic representation of the experimental procede in control subjects

EEG EEG
recording recording
PP—puIse in PP-pulse in
> r!ght > left
hemisphere hemisphere
cTBS in the cTBS in the
__> left __> right
hemisphere hemisphere
PP-pulse in PP-pulse in
> right > left
hemisphere

hemisphere

—> EEG EEG
Recording __> Recording

Figure A7. Schematic representation of the experimental phargecontrol subjects stimulated Figure A8. Schematic representation of the experimental phargecontrol subjects stimulated
on the left hemisphere on the right hemisphere
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