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palavras-chave

resumo

EEG , discriminagédo de distancia, tatil, sensoriomotor

O estudo do processamento tatil de distancias encontra-se bastante
desenvolvido em roedores, tendo sido Gtil para a demonstracéo de
multiplos mecanismos bésicos relevantes. Apesar desta relevancia, o
estudo da discriminacao de distancias em humanos € ainda bastante
reduzido. Durante a presente dissertagdo foram analisados os
correlatos neurofisiolégicos, através do registo de
eletroencefalografia, em participantes que realizavam uma tarefa de
discriminacdo de distdncia em modo ativo ou passivo. A analise da
poténcia das bandas de frequéncias delta, teta, alfa, beta e gama
revelou diferengas na poténcia do sinal para diferentes bandas de
frequéncias e elétrodos. O processamento ativo era caracterizado por
um aumento da poténcia nas bandas de frequéncias delta, teta e
gama nos elétrodos F3, F4; e um aumento da atividade na banda de
frequéncia gama no elétrodo T4. O processamento passivo era
caracterizado por um aumento da poténcia de delta nos elétrodos Fpl
e T4 e um aumento da poténcia de gama em Tp10. No seu conjunto,
estes resultados sugerem que 0 processamento ativo e passivo da
distancia sdo caraterizados por uma rede assimétrica envolvendo
elétrodos pré-frontais, frontais e temporais nas bandas de frequéncia
delta, teta e gama.



keywords

abstract

EEG , width discrimination, tactile, sensorimotor

Tactile width discrimination processing has been extensively studied in
rodents and has demonstrated multiple relevant basic mechanisms. Despite
this relevance, the number of studies of width discrimination in humans has
been scarce. During the present dissertation, neurophysiological correlates
of width discrimination were analyzed through electroencephalography
recordings in participants performing a width discrimination task in active or
passive modes. Analysis of power in the delta, theta, alpha, beta, and
gamma frequency bands revealed differences in the power for different
frequency bands and electrodes recorded. Active width discrimination
processing was characterized by an increase in the power of delta, theta and
gamma frequency bands in electrodes F3 and F4, and an increase in power
in the gamma frequency band in T4. Passive tactile width processing was
characterized by an increase in the power of delta in electrodes Fpl and T4,
and an increase in gamma frequency band in Tp10. Altogether these results
suggest that active and passive tactile width discrimination processing are
characterized by an asymmetrical network involving prefrontal, frontal and
temporal electrodes, in delta, theta, and gamma frequency bands.
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1. Introduction

The present dissertation is a neurophysiological and behavioural study of active
and passive tactile discrimination in humans. This dissertation is organized as
follows: i) the state-of-the-art for tactile processing and width discrimination will
be presented, as well as the need to perform the present study; ii) a brief
description of the somatosensory system,; iii) a brief discussion of current findings
on Discriminative touch, as well as studies of active and passive tactile
discrimination.; iv) description of electroencephalogram (EEG) technique; v)
Hypothesis and Objectives; vi) methods; vii) results; viii) discussion and

conclusions.

1.1. State-of-the art

Tactile discrimination processing requires the integration of sensory, motor, and
cognitive information in humans and animals [1]-[8]. Width discrimination is a
specific type of tactile information processing that has been extensively studied
in rodents [2]-[4], [9]-[12], but remains largely undescribed in humans [13]. Width
discrimination in the sub-centimeter scale is not likely to constitute a critical
survival skill for humans, contrary to rodents [14]-[16]. The formation of an exact
and precise body schema, which is required for formulating novel movements, is
facilitated by tactile discrimination. Nonetheless, the large body of knowledge
gathered in the latter species, can significantly inform us about the neural basis
of somatosensory processing and lead to new lines of inquiry regarding this
function in humans. For example, studies in rodents have revealed that width
discrimination performance is associated with widespread and dynamic
interactions involving information transfer in theta, beta, and gamma frequency
bands in a fronto-parieto-occipital network [17]. These regions and frequency
bands are known to play a relevant role in tactile processing of shape, texture,
and electrical stimuli detection in humans [18], [19], but their role in width

discrimination remains unknown.



A recent study has developed a width discrimination task for humans [13] that

mimics the original rodent task [9] (Figure 1).

Movable

Narrow Wide
Stimulus Stimulus

Figure 1 — Behavioral apparatus.

In the passive version, subjects were required to insert the index finger in a small
chamber and wait for the tactile stimulus to be delivered by two movable and non-
visible bars that moved towards the finger forming one of two widths: “Wide” or
“Narrow”. In the active version subjects were required to insert the index finger in
in the aperture and sample the tactile discriminanda. In both versions, the subject
was then required to make a motor response in one of two pushbuttons, to
indicate a narrow or wide aperture. Lastly, after the motor response, an auditory
stimulus signalled a correct or incorrect choice. This behavioural task largely
parallels the rodent task previously described [9] and is suited for

electrophysiological studies, namely with electroencephalogram (EEG).

Although the original study has briefly described the neurophysiological
correlates of tactile width discrimination in a small sample of participants
performing active and passive versions of the task, this analysis did not allow
making inferences about the underlying neurophysiological mechanisms. This

study suggested that changes in the low gamma band across a network of



electrodes recording from multiple regions may be relevant for tactile width
discrimination [13], however these preliminary findings need to be confirmed in a
larger sample. In addition, as there is still very little research on this topic, it is not
known if the same extensive network of regions and frequency bands involved in

width discrimination in rodents [14]—-[16] is also present in humans.

Active and passive tactile width discrimination require subjects
identifying/sampling the discriminanda (i.e., the bars touch the index finger) and
then compare the relative width of the current stimulus with a previously
experienced width (e.g., a previous experience of the Narrow stimulus). These
actions are expected to engage neural circuits involving somatosensory
processing as well as higher cognition processes such as working memory [20]
and attention [21]. Previous studies of tactile discrimination have explored EEG
correlates of tactile processing using stimulation current, grating orientation,
textures, or vibratory stimuli; due to their ability to generate EEG evoked
responses. These studies have reported the engagement of a complex network
of regions involving the somatosensory cortex, prefrontal cortex, occipital cortex,
and the parietal cortex, typically in alpha, mu, and beta frequency bands ([8], [19],
[29], [30], [20], [22]-[28]). Namely, changes in the alpha frequency band in the
C3 electrode have been used as a predictor of tactile performance [30], and
overall tactile discrimination seems to be associated with a recurrent network
involving the somatosensory, parietal and pre-frontal regions through beta

(feedforward) and gamma (recurrent) frequency bands [8].

Evidence from rodents indicates that active and passive tactile processing
engage fundamentally different neural network dynamics in multiple systems [2]—
[4], [10], [11], [31]-[35]. While passive tactile stimulation of the whiskers results
in phasic increases (i.e., lasting tens of milliseconds) in single unit recordings
from the ventral posterior medial (VPM) thalamus and somatosensory cortex
(S1), fundamentally different neural modulations are found when awake behaving
rats actively sample a tactile stimulus [2], [11]. Specifically, active tactile
discrimination is characterized by longer neuronal responses (i.e., lasting
hundreds of milliseconds) that can include both increased as well as decreased
firing rates in populations of neurons that differ across the depth of an S1 cortical



column. This difference between active and passive tactile processing is also the
result of multiple concurrent neural networks interacting and facilitating or
inhibiting tactile related information depending on the specific action required at
each moment in time [3], [4], [12]. Also, when rodents actively sample a tactile
stimulus in the dark, the primary visual cortex, prefrontal cortex, and

hippocampus all seem to play a fundamental role in task performance [33], [36].

Comparison of ratios of frequency bands has been previously used to describe
neurophysiological correlates and state dynamics when relatively large time
intervals are involved, namely for cortical function in rodents [5], [36], [37]. This
analysis compares two ratios, one with higher frequencies and another with lower
frequencies, generating two different coordinates that can be used to identify
states and transitions. Such analysis has previously allowed making inferences
about the neurophysiological bases of ongoing natural behaviours [37] or broad
neurophysiological states induced by pharmacological manipulation [5]. These
studies support the use of ratios of power in frequency bands in the identification
of differences in the neurophysiological substrate of active and passive tactile

width discrimination.

Having introduced the need to perform the present study, the key concepts,

structures, techniques will now be described in more detail.



1.2. The somatosensory system and the somatic senses

The somatosensory system allows us to identify, grasp, evaluate, and manipulate
objects. Sensory information is retrieved through a complex network of nerve

endings, sensory neurons and touch receptors in the skin [38].

The somatic senses can be categorized into three physiological types: the
mechanoreceptive somatic, the thermo-receptive, and pain senses [38]. The
mechanoreceptive somatic senses, which include tactile and position sensations
that are stimulated by mechanical displacement of some tissue of the body, the
thermo-receptive senses, which detect heat and cold, and the pain sense, which
is activated by factors that damage the tissues [39]. Touch, pressure, and
vibration are different sensations, but they are all detected by the same types of
receptors. Touch sensation generally results from stimulation of tactile receptors
in the skin or in tissues beneath the skin [39]. Mechanoreceptors are specialized
neural structures that provide information to the central nervous system (CNS),
their physiological function is to convert physical forces into neuronal signals [39].
The main tactile receptors relevant for width discrimination are the free nerve
endings, Meissner’s corpuscles, Merkel cell-neurite complex, and Paccinian
corpuscles. Free nerve endings are found in the skin and can detect touch and
pressure. The Meissner’s corpuscle is a touch receptor with great sensitivity, that
is characterized by an elongated encapsulated nerve ending of a large (type AB)
myelinated sensory nerve fiber. The Meissner’'s corpuscles are present in the
non-hairy parts of the skin, in the fingertips, lips, and other areas of the skin where
a person’s capability to discriminate a spatial locations of touch sensations is
highly developed. They are also important for giving out steady-state signals that
allow one to determine continuous touch of objects against the skin [39]. The
Merkel cell-neurite complex is formed by ending of myelinated, low-threshold
nerve fibers (AR type) and specialized epidermal cells, these kind of
mechanoreceptors are enriched in touch-sensitive regions of the skin [40]. The
Merkell cells generate a slowly adapting response characterized by high-
frequency firing at the onset of the mechanical stimulation and a sustained low-
frequency firing during the static phase, these cells activate the sensory fibers to
drive the sustained firing [40], [41].



Lastly, the Pacinian corpuscles are mechanical filters and chemicals modulators,
that are categorized as type Il RA mechanoreceptors, the firing activity of these
corpuscles is observed during the dynamic phase of the mechanical stimulus but
not the static one [40], [42]. A summary of the main characteristics of the
receptors thought to be involved in tactile width discrimination is presented in
Table 1.

Table 1- Main receptors thought to be relevant for tactile width discrimination.

Receptor Characteristics Main Function Main location

Free nerve endings Nerve ending Touch, pressure Skin

Encapsulated nerve

Meissner corpuscle ending of a large (type Touch Fingertips
AB) myelinated sensory
nerve fiber
Merkel neurite complex Groups of disks from the Light touch Fingertips
(Merkel disks) same Ap fiber

Subcutaneous tissue and
Encapsulated nerve Vibration

Paccinian corpuscles : .
P ending other locations

1.3. Central components of somatosensory processing

Besides this peripheral component, there is a central component that is
associated with the specific spinal cord tracts (such as the medial lemniscus and
spinothalamic pathways), thalamic nuclei [43], [44], as well as the primary and
somatosensory cortices [45], [46]. More recently, it has been demonstrated that
at the central nervous system level, somatosensory processing involves not only
the traditional primary and secondary somatosensory cortices, but also multiple
concurrent networks [3], [4], [17], [47-49], with some of the more recent studies
suggesting that full understanding of somatosensory sensation requires the study

of cross modal integration [50].



1.4. Discriminative touch and EEG

Discriminative touch has been associated with changes in frequency bands in
Frontal (theta, alpha, beta, gamma), parietal (alpha, gamma), occipital (gamma
and primary somatosensory cortices (beta and gamma) [8], [29], [51-54]. Part of
the complexity of somatosensory processing is related to the fact that
somatosensory processing often involves motor as well as cognitive components.
For example, touching an object (active tactile processing) or being touched by
the same object (passive tactile processing) are associated with fundamentally
different neural networks [2], [55-57].

1.5. Active and passive tactile discrimination

Gibson was the first that proposed the notion that active and passive tactile
exploration could involve distinct processes[58]. According to this author, active
touch is when people perform voluntary finger movements, different neural
mechanisms are recruited as compared to when same movement is produced
externally, passive touch [59]. An early study of active and passive tactile
discrimination, Huttunen and Homberg, (1991), found Frontal, Parietal, and
Central components in EEG evoked potentials, which generally agrees with other

studies of tactile processing previously mentioned [55].

Meanwhile, using a more refined technical approach, Ackerley et al., 2012 found
differences in the BOLD (Blood oxygen level dependent) response in the primary
somatosensory cortex (BA3) when active or passive touch was applied by the
subject of by another person. Active self-touch was characterized by a positive
response in the somatosensory cortex, while passive self-touch resulted in a
negative response. Meanwhile, being touched by an experimenter was also
associated with a positive response in the somatosensory cortex, but this
response was smaller when passive stimulation was used. Even though the study
of Ackerley and colleagues was solely focused in the somatosensory cortex, it
demonstrated not only that active and passive tactile processing are associated
with different neurophysiological correlates, but also that self-touch adds one

more layer of complexity to this analysis [57]. Therefore, this study supports the



notion that primary sensory regions’ processing involves multiple complex
concurrent networks. This is also of relevance for the present study because the
difference in neural responses described by these authors for the active and
passive stimulation, also resembles previous findings obtained in width
discrimination studies in rats [2], [3]. In Table 2 a summary of the main

regions/electrodes associated with tactile discrimination is presented.

Table 2- Main regions/electrodes and EEG frequency bands associated with tactile

processing.
Function Region/Electrode Frequency band
Frontal Alpha, Beta, Gamma
Somatosensory/Parietal Beta, Gamma
Tactile discrimination _
Parietal Gamma
Occipital Gamma

1.6. EEG

Electroencephalography (EEG) is a technique that records electrical potentials in
the scalp allowing the study of neurophysiological correlates of brain activity. EEG
was developed in 1929 by the German psychiatrist Hans Berger [60], providing a
new neurological and psychiatric tool. The discovery of EEG was a breakthrough
for the advancement of neuroscience and of neurologic and neurosurgical
everyday practice, especially for patients with seizures [60]. EEG is an effective
method that uses the surface area of the scalp to collect brain waves that

correlate to different states [61].

During the procedure, electrodes consisting of small metal discs with thin wires
are pasted onto the user scalp. The electrodes detect tiny electrical charges that
result from the activity of the user’s brain cells. The charges are amplified and
appear as a graph on a computer screen, or as a recording that may be printed

out on paper [62], [63].



The EEG is an electrophysiological technique that records changes in voltage
potential and therefore allows analysis of electrical activity arising from the human
brain [63]. EEG measures brain electrical fields via electrodes (which act as small
antennas) sited on the head. The electrical fields are the result of electrochemical
signals passing from one neuron to the next [64]. The electrical activity recorded
on the scalp corresponds to the result of the inhibitory or excitatory postsynaptic
potentials from thousands of pyramidal cells near each recording electrode. This
activity can be represented as a field with positive and negative poles, that have
an equal electrical charge or magnetic force, with a space between them, a dipole
[65].

When billions of these microscopic signals are passed simultaneously in spatially
extended and geometrically aligned neural populations, the electrical fields
become powerful enough to be measured from outside the head [64]. EEG
signals are typically analysed in frequency bands ranging from 0.01 Hz to around
100 Hz. However, higher frequencies have been described, such as 150-500Hz
[66]. More often, these frequency bands are divided in five different bands,
namely: delta( 2—4 Hz), theta (4—7 or 8Hz) alpha (8—12Hz) beta (16—25Hz) and,
gamma (30-50 Hz) [67]. These values, however, may change slightly according
to the author [66].

While EEG is an extremely useful technique, it is prone to record artifacts not
related to cerebral activity. This means that the presence of magnetic and/or
electrical fields in the surrounding environment (e.g., electrical utility currents),
can affect EEG recordings. Furthermore, biologically generated electrical activity
(by scalp muscles, the eyes, the tongue, and even the distant heart) creates
massive voltage potentials that frequently overwhelm the signal recorded from
the scalp [63]. In short, biological and environmental electrical artifacts can
interfere with the ability to accurately identify both normal rhythms and

pathological patterns [68].

Artifacts possess many distinguishing characteristics that are identifiable by
trained observers [63], as well as algorithms [68] .Artifacts are one of the
problems that must be dealt when recording data with EEG. In particularly, when
real-time analysis is performed, special care is needed with pre-processing data

[68]. Pre-processing ensures that noise and artifacts (e.g., eye movements or



others), are not introduced into the decoding algorithm, as if they were neuronal

signals.

The identification and removal of artifacts, either in clinical diagnosis or practical
applications, is a key pre-processing step prior to the analysis of neural signals.
One way to prevent this is to apply precautions to avoid unnecessary motion
incurring artifacts, but if the subjects have inability to follow these instructions,
this method is unmanageable either for clinical or household applications. There
are a variety of efficient techniques for artifact removal, that have been previously
published [68].

In the present study, EEG recordings were made from 16 channels using a 10-
20 placement (V-Amp, actiCAP; Brain Products GmbH, Gilching, Germany).
Signals were recorded using the Brain Vision Recorder (version 2.1.0, Brain
Products, Gilching, Germany) and analysed using Brain Vision Analyzer (version
2.2.1, Brain Products, Gilching, Germany) and Matlab (Mathworks, 2018b,
Natick, USA). Pre-processing included re-referencing using all channels as
reference [69]. Then a notch filter was applied (50Hz). Ocular correction was
performed using the Gratton and Coles algorithm (already implemented in Visual
Analyzer). The data was then segmented according to the discrimination and
response marker, with a window of 1500ms (-500 up to 1000ms after each
marker), ensuring no overlap between the two actions. Fast Fourier Transform
with a resolution of 0.5 Hz was then applied. Frequency bands were analysed
as: delta (0.5-4.5Hz), theta (4.5-8.5Hz), alpha (8.5-13.5Hz), beta (13.5-30.5Hz),
and low gamma (30.5-45Hz). Data was only analysed up to 45Hz (described here
as low gamma frequency band), to match the state map values used in a previous
study [5]. Power was then normalized across the different subjects and compared
for the different periods (discrimination and response). Comparison of power was
made between the two periods, instead of using a baseline, because we have
observed in a previous study that large intertrial intervals quickly led to mental
exhaustion of participants. Also, as the moving bars require a relatively long
period of time to stimulate the subject, we have opted to analyse relatively long
periods of time [5].

10



1.7. Hypothesis and Objectives

Based on the findings from the previous studies from humans and rodents

presented, the following hypothesis were tested:

H1: Different neural networks communicate through different frequency bands in
active and passive tactile width discrimination with changes in power of delta,
theta and gamma in prefrontal, frontal and temporal regions.

H2: Ratios of frequencies that differ between active and passive versions of the

task are correlated to the task performance.

To test these hypothesis electrophysiological correlates of tactile with
discrimination were recorded and compared between participants (n=18)
performing the active and passive versions of the task while EEG recording where
performed. The power for the different frequency bands (delta: [0.5-4.5 Hz], theta.
[4.5-8.5Hz], alpha [8.5-13.5 Hz], beta [13.5-30.5 Hz], and low gamma
[30.5-45 Hz]) and electrodes was compared within subjects during the
discrimination period (H1).

Also, the difference between ratios of higher [Ratio 1:(0.5-20 Hz)/(0.5-45 Hz)] and
lower frequencies [Ratio 2: (0.5-4.5 Hz)/(0.5-9 Hz)] between the two versions was
compared (H1).

Lastly, for the electrodes were differences between the two versions of the task
were found, a Spearmen correlation was performed between the two ratios and

the overall task performance (H2).
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2. Methods

Literature review for similar study designs in the field, demonstrates a growing
body of evidence for the reliable use of EEG to ascertain results, validating the
hypothesis. The EEG signal has a millisecond-scale temporal resolution.
Because postsynaptic changes are thus promptly reflected in the EEG, this
approach is an ideal manner for monitoring abrupt changes in brain function. The
robust electrical signals recorded at the scalp and the relatively easy and non-
invasive methods by which they are obtained are useful for studies [70].
Nevertheless, obtaining high-quality signals frequently necessitates a sizable

amount of training [70].

2.1. Tactile discrimination task

The tactile discrimination experimental apparatus consists of an
electromechanical device that was specially constructed and is controlled by
computer software that was specially created to provide tactile discrimination
control in a reliable and consistent manner. The aperture is adjusted by moving
two 40 mm x 20 mm stimulation bars (height, wide). There was a total of four runs
of width discrimination in the experimental session. Twenty trials made up each
run block and runs alternated between passive and active tactile versions of the
same activity. To avoid many consecutive trials with the same stimulus, each run
had an equal number of "wide" or "narrow" aperture trials (10 wide and 10
narrow), which were pseudorandomized. Wide and narrow were adjusted in the
active version to +0.5 cm and +0.0 cm above finger size, respectively. Wide and
narrow were set in the passive version of the task at, respectively, +0.2 cm above
finger size and 0.2 cm below finger size. The subject will leave the finger in the
CFP, and the experimenter will move the bars gradually until they touch the
subject's index finger on each side to determine the finger size. Each trial with a
"wide" or "narrow" aperture began when the center light became yellow, signaling
that the subject had to insert their finger into the CFP (i.e., stimulus onset). The

trial light then went green if the algorithm determined that the finger was in the

12



proper place. At this point, the participant was given some time to sample the
aperture width (e.g., 500 ms). The aperture width may be sampled actively or
passively. The patient might move the finger to investigate the aperture width if
the block was activated. In contrast, if the block was active, the subject had to
keep their finger in the CFP while the bars moved in the direction of their finger.
Following the discrimination, the individual had to take their finger out of the
frontal panel opening and touch one of the two push buttons to indicate the
aperture width for that trial. The center light had gone red by this point.

After pressing a button, the four LED digital display would show whether the
answer was accurate or incorrect and would update the overall number of correct
answers. This coincided with the trial's conclusion. The center light would then
flash red once more to signal an intertrial interval of 500-50 ms (Mean—-SEM).
The person should not stick their finger inside the front panel opening, according
to this.

The participant was given a brief practice session (15 trials of each condition)
before the EEG cap was applied so that the subject could get comfortable with
the detailed instructions for each tactile discrimination condition [13].

2.2. Ratios of frequencies analysis

Analysis of state maps was based on an adaptation [5] of the original method
described by Gervasoni and colleagues [37]. This method calculates two different
ratios (ratio 1 and ratio 2) based on the average power found in higher and lower
frequencies, namely: ratiol, R1:(0.5-20 Hz)/(0.5-45 Hz) and ratio 2, R2:
(0.5-4.5 Hz)/(0.5-9 Hz).

13



2.3. Statistical analysis

Results are presented as mean and standard deviation (Mean+SD). Paired
samples t tests or Wilcoxon signed ranks tests were used to compare power in
each frequency band between the two different versions of the task. Spearman
correlations were calculated to compare Ratios of frequencies with the
performance in the behavioural task. An alpha value of 5% was considered
except when specifically indicated. When multiple comparisons were performed

the alpha value was divided by the number of comparisons made.
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3. Results

The present study was approved by the Ethics Committee of the University of
Minho (SECVS 148/2016; and the Comité para as Ciéncias da Saude of the
Catholic University of Portugal (39/2017), according to the Code of Ethics of the
World Medical Association (Declaration of Helsinki) for experiments involving
humans. All experiments were performed in accordance with relevant named
guidelines and regulations. All participating subjects voluntarily filled an informed
consent. Subjects were tested at the Catholic University of Portugal and at the

University of Minho (see Appendix, section 2-4).

3.1. Behavioural results

A total of 18 subjects were tested. Four subjects performed only one block in the
active and one block in the passive versions of the task. A total of 32 blocks were
analysed here. Comparison of the behavioural performance in the active and
passive versions of the task revealed an overall improved performance in the
active version (paired samples t-test: t=5.492, df=31, P<0.0001). To further
determine if this difference was due to some learning effect, we compared solely
the performances of the second active and passive blocks (for the 14 subjects
that performed them) and a significant difference was also found (paired samples
t-test: t=3.873, df=13, P=0.0019).

3.2. Electrophysiology recordings

3.2.1. Power of frequency bands

EEG analysis revealed several differences between the power of specific
frequency bands in the active and passive versions of the task. Comparison of
the discrimination period (0-500) ms interval for delta, theta, alpha, beta, low
gamma delta in each of the sixteen electrodes revealed that an increase in activity
associated with left frontal and temporal electrodes during active processing and
showed an increase activity in electrodes located in the left frontal and temporal

regions during passive processing. These differences are presented in Table 3.
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Comparison of power for the delta, theta, alpha, beta, and low gamma frequency
bands in each channel during the discrimination period, revealed differences
between active and passive runs. These differences are presented in Table 3
(Appendix supplementary Table 1 presents full details for other channels and
non-significant frequencies) and summarized in Figure 2, to facilitate
comprehension. Overall, only a small number of electrodes presented differences
between the active and passive versions of the task, and these occurred mostly
in the pre-frontal and frontal electrodes, namely: Fpl, F3, F4, T4, and Tp10; and
included increases as well as decreases in power during the active version of the

task.
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Figure 2 — Differences in power for most common frequency bands.
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Table 3 — Significant differences in power for frequency bands in each channel during discrimination period. Channels Fpl, F3, F4, T4 and Tp10,

presented significant differences between active and passive versions of the task. For p-value <0.05 (*); p < 0.005 (**).

Active Passive
Mean Mean _
Channel Band Stdev Stdev W p Sig
(a.u.) (a.u.)
Fpl Delta 1.133 0.4656 1.302 0.4932 202.0 0.0479 *
Delta 1.654 0.4899 1.435 0.4669 -212 0.0374 *
F3 Theta 0.082 0.2813 -0.033 0.06739 -234 0.0209 *
Low Gamma 0.2165 0.09468 -0.1559 0.05806 288.0 0.0039 *k
F4 Theta 0.07942 0.2264 0.01907 0.1747 -202.0 0.0479 *
Theta 0.1252 0.4000 -0.01522 0.1977 -210.0 0.0394 *
T4
Low Gamma | -0.1908 0.1063 -0.1512 0.08380 226.0 0.0260 *
Tpl10 Low Gamma | -0.2062 0.1103 -0.1571 0.06769 212.0 0.0374 *
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In the electrode Fpl, a decrease in the power of the Delta frequency band was
found during active tactile discrimination (Active: 1.133+0.4656; MeanztStdev;
Passive:1.302+0.4932; W=202.0; P=0.0479; Wilcoxon signed-rank test). In
channel F3, power in Delta band was higher during active tactile discrimination
(Active: 1.654+0.4899; MeantStdev; Passive:1.435+0.4669; W=-212; P=0.0209;
Wilcoxon signed-rank test). In channel F3, power in Theta band was higher during
active  tactile discrimination (Active: 0.082+0.2813; MeanzStdev;
Passive: -0.033+0.06739; W=-234; P=0.0209; Wilcoxon signed-rank test). In
channel F3, power in Low Gamma band was higher during active tactile
discrimination (Active: 0.2165+0.09468; MeanzStdev;
Passive: -0.1559+0.05806; W= -288.0; P= 0.0039; Wilcoxon signed-rank test). In
channel F4, power in Theta band was higher during active tactile discrimination
(Active: 0.07942+0.2264; MeantStdev; Passive:0.01907+0.1747; W=-202;
P=0.0479; Wilcoxon signed-rank test). In channel T4, power in Theta band was
higher during active tactile discrimination (Active: 0.1252+0.4000; MeanzStdev;
Passive: -0.01522+0.1977; W=-210; P=0.0394; Wilcoxon signed-rank test). In
channel T4, power in Low gamma band lower during active tactile discrimination
(Active: -0.1908+0.1063; MeantStdev; Passive: -0.1512+0.08380; W=226.0;
P=0.0260; Wilcoxon signed-rank test). In channel Tp10, power in Low Gamma
band was lower during active tactile discrimination (Active: -0.2062+0.1103;
MeanzStdev; Passive -0.1571+0.06769; W=212; P=0.0374; Wilcoxon signed-

rank test).
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3.2.2. Analysis of Ratios

Analysis of ratios of higher and lower frequency bands, for the group of electrodes
that presented statistically significant differences in power, demonstrated that
Fpl and F3 were associated with differences in ratio 1, while F3 and T4 presented
significant differences in ratio 2. These differences are presented in more detail
in Table 4 and in Figure 3.

Table 4 - Comparison of ratios of higher and lower frequencies in active and passive
versions of the task. For p-value <0.05 (*); p < 0.005 (**).

Electrode Ratio W p Sig
1 -206 0.0446 *
Fpl
2 -110 0.2855 No
1 -222 0.0304 *
F3
2 -300 0.0034 *
1 -132 0.1993 No
F4
2 -110 0.2855 No
1 -72 0.4866 No
T4
2 -246 0.0164 *
1 -172 0.0938 No
TP10
2 -190 0.0640 No
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Ratio 1 Differences
Ratio 2 Differences

Figure 3 — Networks of electrodes associated with differences in ratios of higher (yellow)
and lower (brown) frequencies during the active and passive versions of the task

To gain further understanding on the potential relation between the differences
found between ratios in the active and passive versions of the tasks, the ratios of
frequency bands were compared to the task performance. As presented in Table
5, no significant differences for the electrodes studied here were found. For
electrodes Fpl (Ratio 1 and Ratio 2 in the active version) and T4 (Ratio 1 in the

passive version) near significant values were found (also see discussion).
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Table 5 — Comparison of performance and ratios of frequencies. No significant
correlation between the performance in the active or passive versions of the task and the
ratios of higher (Ratio 1) or lower (Ratio 2) frequencies was found.

Electrode Active Passive

Fpl R value p value R value p value
R1 -0.27786 0.0156 -0.02562 0.9551
R2 -0.17066 0.0366 0.162381 0.7239
F3 R value p value R value p value
R1 -0.0209 0.2752 0.125959 0.4437
R2 -0.20131 0.1628 0.148754 0.4023
F4 R value p value R value p value
R1 0.106637 0.6764 0.276986 0.0993
R2 -0.14371 0.6338 0.139542 0.686
T4 R value p value R value p value
R1 -0.12874 0.5199 0.216047 0.0285
R2 -0.18699 0.3145 0.295694 0.1223

Tp10 R value p value R value p value
R1 -0.1168 0.3486 -0.02672 0.9044
R2 0.029519 0.9376 -0.03916 0.9586

Note: Corrected alpha=0.05/10=0.005
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4. Discussion

In the present study we have compared active and passive tactile width
discrimination while EEG recordings were performed. Analysis of frequency
bands revealed increases for the active version of the task in delta frequency
band in electrode F3; an increase in theta frequency band in F3, F4, and a
reduction in T4; and an increase in gamma in F3 and T4, and a reduction in Tp10.
Meanwhile, comparison of ratios of higher and lower frequencies revealed that
for the group of electrodes that presented statistically significant differences in
power, demonstrated that Fpl and F3 were associated with differences in ratio
1, while F3 and T4 presented significant differences in ratio 2. These results
suggest that an asymmetrical network involving prefrontal, frontal and temporal
electrodes, in delta, theta, and gamma frequency bands is associated with active

and passive tactile width discrimination.

Before we begin the proper discussion of the results it is important to highlight
that this study was performed using a 16-electrode setup. This means that source
localization, which cannot be reliable with less than 64 electrodes [72—74] was
not performed here. Therefore, all results presented here will be mainly
considered in terms of their relation to the recording electrode and not necessarily
the underlying cortical region, since it cannot be ascertained that the signal

recorded corresponds to that region.

A difference in the power and ratios of frequencies was found for the passive and
active version of the tactile width discrimination task. This finding supports our
first hypothesis, regarding different neural substrates for active and passive
tactile width discrimination. In addition, the differences in the power of frequency
bands were found in a network of electrodes that roughly matches previous
reports of EEG changes occurring in tactile processing [54]. These electrodes
are placed in frontal (contralateral Fp1, contralateral F3, and ipsilateral F4) and
temporal regions (ipsilateral T4) regions, with an additional difference found in
electrode TplO0 (see detailed discussion of this electrode below).

The passive version of the task was characterized by an increase in the power of

delta frequency in the electrode Fpl and a decrease in delta frequency band in
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F3. A previous study has reported changes in tactile processing when real or
virtual stimuli were delivered to subjects these changes were, in addition,
accompanied by changes in event related potential latencies, suggesting that
frontal lobe electrodes are associated with real tactile stimulation while limbic
electrodes are associated with virtual stimulation [74]. In addition, processing of
a smooth surface has been associated with changes in the delta frequency band
of signals recorded from electrodes Fpl and F3 [75]. Even though the relation
between processing of a smooth surface and width discrimination is not
straightforward, these studies support a role for this frequency band and these
electrodes in tactile processing. Future studies may help elucidate this potential
relation. In a different, but relevant approach, a previous study evaluating stress,
reported changes in delta frequency bands for the pair Fpl-F3 [76]. This is a
potentially relevant finding that is, in part, supported by the behavioral reports of
the subjects that indicated preferring the active version rather than the passive
version of the task. Although the task was not considered to be stressful by most
of the participants, the overall evaluation was that it was more difficult.

Another neurophysiological difference between the active and passive versions
of the task was an overall decrease in theta frequency band for the subnetwork
of electrodes in F3, F4 and T4. Frontal theta frequency power has been reported
to increase during recall of haptic information [77]. These authors have shown
that theta power was correlated to the mean exploration time spent by subjects
and has therefore been associated with the hypothesis that fronto-central theta
power is associated with the load of working memory [78]. The passive version
of the task was considered to be more difficult that the active version and
therefore it could be, at first expected, that the power of the theta band to be
higher in the passive version of the task. However, during the passive version of
the task subjects are not allowed to sample the discriminanda (i.e., they need to
keep the finger in place and the bars will move towards the finger). This supports
the notion that theta band is increased in the active version of the task, because
subjects are allowed to sample the aperture width. It would be relevant in future
studies to determine if the amount of time exploring the width aperture is also
correlated to theta band power in the relevant electrodes. As the present task had

a pre-determined time for the sampling interval, this could not be tested here.
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One other subnetwork of electrodes presented differences between the active
and passive versions of that in the low-gamma frequency band and involved F3,
T4 and Tpl0. The gamma frequency band plays a relevant role in tactile
discrimination, namely in frontal, parietal, and occipital regions [54]. In the specific
case of F3 electrode, an increase in gamma power has been associated with
mental training [79], while increases in power in this frequency band have been
reported for F3-T4 electrodes in cognitive impairment/Alzheimer Disease [80],
depression [81]. In our study, we have found an increase in the gamma frequency
band power for the Fp3 electrode during the active version of the task, but a
decrease in the passive version of the task, and therefore the relation between
these previous studies and the results obtained here is not clear. An increase in
gamma in the F3 electrode could be interpreted as some form of increased
mental effort [79], but subjects reported that the active version of the task was
easier and therefore one would expect the opposite result (i.e., that the active
version of would be associated with reduced gamma power).

We have not found a relevant role for electrodes in occipital, parietal regions, nor
for C3 electrode (see discussion below). At this point it is important to note that:
i) we have solely explored the discrimination period and therefore there may not
be large differences between the two versions of the task for this particular
interval for electrodes in these regions, ii) we have not explored phase
synchronization, information transfer, nor event related potentials; which may
reveal relevant differences between the two versions of the task not found with
the present analysis.

The results from the TP10 electrode are difficult to interpret due to its location.
This is an electrode that is above right mastoid process and therefore the
underlying neural signal is largely attenuated. In fact, this electrode is used as

reference in many studies, but it also has been implicated in relevant neural
networks [82]. Meanwhile, a difference between the two versions of the task was
found, and therefore this result should be acknowledged and discussed. In the
present study this electrode presented a decrease in the gamma frequency band

during the active version of the task. One potential explanation for this difference
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could be related to the proximity of this electrode to the auditory cortex and the
increased noise of the motors during passive stimulation. However, the possibility
of increased auditory activity relating to the passive version of the task should be
further investigated, for example, with an increased number of electrodes in the

relevant regions [83], [84].

An unexpected outcome of the present study was the absence of differences for
the electrode C3 (located above the somatosensory cortex) which has been
associated with differences in active and passive stimulation in humans using
other tasks [7], [24], [29], [55], [57] and in rodents [2], [3]. We speculate that this
lack of differences may be related to a decreased sensitivity of the analysis
performed here. We propose that future studies use classifiers to further
determine if EEG signals recorded from the electrode C3 differ between active

and passive versions of the task [29].

4.1. Ratios of frequencies

The differences found in the ratios of higher and lower frequency bands generally
support the findings of the individual frequency bands. These results
demonstrated a subnetwork where ratio 1 changed in Fpl and F3 electrodes.
Ratio 1 is sensitive to changes occurring in higher frequencies [37] and therefore
this analysis allowed detection of a change occurring in gamma or beta band
frequency in the electrode Fpl, that was not detected when the different
frequency bands were compared. In the future it will be important to perform
additional analysis to identify if this difference is due to an effect of beta, gamma
or both frequency bands. Meanwhile the comparison of Ratio 2, which is sensitive
to changes occurring in lower frequencies, revealed changes in lower frequencies
occurring in electrodes F3 and T4, has identified in the comparison of the
subnetwork of changes in the delta frequency band (discussed above).
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4.2. Parallels between human and rodent studies

One of the goals of the present study was to identify potential parallels between
the neurophysiological substrates of width discrimination in humans [13] and
animals [2], [3], [17]. We have observed that active and passive tactile
discrimination was significantly different for an asymmetrical network of
electrodes placed in frontal and temporal regions for delta, theta and gamma
frequency bands. Although tese findings are in line with the previous results from
rodents, they suggest that the inclusion of additional periods of the task (before
and after the tactile discrimination) and the use of more refined analysis
(information transfer, phase synchronization, etc.) can significantly improve our

current knowledge on the human and rodent parallels in width discrimination.

4.3. Caveats, potential bias, and technical discussion

A small number of caveats and potential bias should be considered. The number
of electrodes used to record in this study does not allow for source analysis and
therefore, the present findings are discussed regarding the position of each
electrode rather than the cortical region beneath it. We have only included low
(30.5-45.0Hz) but not the high gamma band frequencies which are relevant for
tactile spatial attention [21] . We have opted for this because: i) visual inspection
of the data showed little activity in the higher gamma band, and ii) we have
previously seen that low gamma frequency band seems to capture several of the
relevant characteristics for this task [85]. Even though, the present results and

conclusions can be, to some extent, biased by this approach.

Another potential caveat of the present study is that active and passive versions
of the task may correspond to different processing time intervals in the brain.
Namely, it is possible that passive tactile discrimination, may require a longer
period than the active discrimination. This is due to the fact that the subject need
to introduce the finger, and wait for the bars to move, which ends up taking longer

than just sampling the aperture width in the active version.
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Lastly, for one of our subjects, performing the task proved to be a stressful event.
Such an effect of the task was not predictable from our previous [13] or current
experience (now including more than 30 subjects tested in different versions of
the task), since subjects are always allowed to interact with the task before the
session (i.e., they perform a small number of trials before the actual session
begins until they indicate being comfortable with the procedure). Even though, in
future studies, we propose implementing a short psychological evaluation of

subjects before testing them in this apparatus.
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5. Conclusion

The neurophysiological substrate of width discrimination suggests that a network
involving electrodes recording from frontal and temporal regions in delta, theta

and gamma frequency bands is responsible for active and passive tactile
information processing.
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TITULO DO ESTUDO: Efeitos da recompensa durante o processamento tatil ativo e passivo

ENQUADRAMENTO DO ESTUDO

Os acidentes vasculares cerebrais (AVCs) causam uma em cada cinco mortes nos habitantes do
espago europeu e constituem um problema grave de satide. De entre as sequelas dos acidentes
vasculares cerebrais verifica-se, em muitos casos, o aparecimento de alteragdes da percegio tatil. O
aparecimento de novas técnicas de analise da atividade neuronal em roedores permitiu desvendar
recentemente multiplos mecanismos previamente desconhecidos associados ao processamento tatil.
No entanto, ndo se sabe se os mesmos mecanismos estdo presentes em humanos. A compreensio
destes mecanismos, em seres humanos, pode ajudar ao desenvolvimento de futuras terapias de
reabilitagdo para o tratamento de sequelas de AVCs.

O presente estudo, coordenado pelo Prof. Doutor Miguel Pais-Vieira, estd a ser desenvolvido por uma
equipa de investigagdo do Instituto de Ciéncias da Satide da Universidade Catdlica Portuguesa em
colaboragdo com o Instituto de Ciéncias da Vida e da Satide da Universidade do Minho.

EXPLICACAO DO ESTUDO

O projeto baseia-se no estudo de mecanismos neuronais recentemente identificados em roedores,
que nio se sabe se existem humanos, e que podem ser determinantes para o desenvolvimento de
novas terapias para sequelas de AVCs. Pretende-se testar a acuidade tatil numa tarefa de
discriminagdo através da aplicagdo de um aparato experimental (isto é, uma caixa de discriminagio
tatil) enquanto se analisa a atividade cerebral correspondente (recolha de sinais neurofisiologicos
recorrendo ao uso de eletroencefalografia (EEG) e ressonancia magnética funcional (fMRI)), assim
como colheita de saliva para fins de avaliagdo da resposta fisioldgica periférica de stress.

Assim, o presente estudo, trata-se de um estudo experimental que combina a recolha de dados
comportamentais (respostas de discriminagdo tictil) com medigdo de sinais neurofisiologicos
recorrendo ao uso de eletroencefalografia (EEG), ressonancia magnética funcional (fMRI) k através

1 http://portal.arsnorte.min-saude.pt/portal/page/portal/ARSNorte/Comiss%C3%A30%20de%20%C3%89tica/Ficheiros/Declaracao_Helsinquia_2008.pdf

2 http://dre.pt/pdfisdip/2001/01/002A00/00140036.pdf
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da colheita de saliva antes e apds a realizagdo do teste comportamental para estudo de hormonas e
neuropeptideos associados ao stress (B-endorfina, substancia P, ocitocina,a-MSH, neurotensina,
orexina A, cortisol e melatonina).

A tarefa de discriminacdo tatil, com recurso ao aparato experimental pode requerer a participagdo
passiva (i.e. receber o estimulo) ou ativa (i.e. explorar o estimulo movendo o dedo) do participante
levando assim a ativagdo de diferentes regides cerebrais (sinais EEG ou fMRI). A tarefa de
discriminagdo tatil consistira numa pequena abertura existente no aparato experimental que podera
estar “estreita” ou “larga”. Inicialmente todos os participantes serdo submetidos a um periodo de
treino para acomoda¢do a tarefa comportamental, sem recolha de sinais neurofisiolégicos. No
periodo de testes o participante tera que realizar duas tarefas distintas enquanto serdo recolhidos
sinais neurofisioldgicos: numa tarefa, designada de tarefa passiva, o participante recebera o estimulo
tatil (isto é, vai sentir duas barras laterais a tocar no dedo médio do participante) durante um periodo
de tempo pré-determinado (5 segundos) e devera depois pressionar um botdo para indicar se a
abertura era “estreita” ou outro botdo para indicar se a abertura era “larga”. Numa na outra tarefa,
designada de tarefa activa o participante poderd mover o dedo e explorar a abertura durante o
periodo de 5 segundos, devendo depois responder da mesma forma que na primeira fase
(pressionando o botdo adequado). Se a resposta for correta o participante receberd informagado
visual e auditiva de uma resposta correta (feedback visual e auditivo), caso a resposta esteja errada
o participante ndo receberd tal informagédo visual e auditiva. A informagéo visual recebida pelo
participante poderd estar associada a atribui¢do de uma recompensa monetéria no final do teste (ver
tépico abaixo, CONDIGOES E FINANCIAMENTO).

[O teste de discriminag¢do tatil podera ser aplicado a quaisquer participantes desde que ndo
apresentem alteragdes neuroldgicas, motoras ou cognitivas capazes de interferir com a percegdo tatil
com o registo dos sinais fisiolégicos. ] Esta informacédo e outros dados etnogréficos serdo solicitados
aos participantes através do auto-preenchimento de questiondrios para o efeito (ou seja, o
questiondrio devera ser preenchido pelo participante).

Estas medigdes de sinais fisioldgicos centrais e periféricas permitirdo obter o correlato das alteragdes
fisioldgicas que se verificam durante a realizagio da tarefa comportamental de discriminagdo tactil.
Os métodos de neuroimagem (i.e., EEG e fMRI), ndo envolvem procedimentos invasivo para os
participantes. No caso do EEG, aos participantes sera apenas requerida a realizagdo de agdes
comportamentais enquanto que, através de uma touca colocada na cabe¢a (com os
sensores/eletrodos utilizados para a colegdo dos sinais eletrofisiolégicos), se registara informacao
elétrica do cérebro. Para obter bons sinais é importante que a resisténcia da pele nio se encontre
elevada. Assim, o investigador, ird certificar-se de que a resisténcia entre a sua pele e os
sensores/eletrodos se encontra no valor desejado aplicando para cada sensore/electrodo um gel de
condugdo de sinal com recurso a uma seringa com agulha com ponta romba (que ndao corta o tecido
ou causa qualquer tipo de dor). SALIENTAR RISCOS EEG AINDA POR COMPLETAR

Adicionalmente, no caso da fMR], e se aplicavel, os participantes estardo dentro da sala do iman
durante a realizagdo da ressondncia magnética enquanto realizam uma tarefa adaptada de
discriminagdo tactil. Na aplicacdo de ambas técnicas de neuroimagem, sera colhida saliva antes e
ap6s a realizagdo da tarefa de discriminagdo tactil. SALIENTAR RISCOS fMRI AINDA POR
COMPLETAR

0 periodo total de colheita de dados por cada técnica de neuroimagem ndo excedera os 60 minutos.
Estdo previstos dois contactos do participante com a equipa de investiga¢do: o primeiro durante o
recrutamento e o segundo, que serd concomitante com a recolha de informagdo via questionarios,
seguida da realizacdo da tarefa de discriminagdo. Os participantes serdo selecionados com base na
conveniéncia geografica (nomeadamente alunos da Universidade Catdlica Portuguesa e da
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Universidade do Minho). O estudo terd uma duragdo total de 36 meses, com inicio previsto em
[Outubro de 2017, bendo que é esperado um tempo de participagdo de 1 dia (com a utiliza¢do de nio
mais do que 60 minutos desse dia) para cada participante

Os dados colhidos durante o estudo serdo: nimero de respostas corretas, laténcia de resposta,
trajetéria dos dedos da mao direita durante a realiza¢do da tarefa, hormonas e neuropetideos
associados a resposta de stress, registo eletroencefalografico no electroencefalograma e sinal BOLD
na ressonancia magnética.

CONDICOES E FINANCIAMENTO

O projeto conta com o financiamento através Projeto da fundagdo Bial “Reward modulation of tactile
stimulus processing” (Referéncia: BIAL 95/2017). A investigagdo ndo envolve diretamente
individuos privados do exercicio de autonomia (criangas, menores, pessoas com incapacidade
temporaria ou permanente do exercicio de autonomia). Ndo estd contemplado qualquer
ressarcimento ou remuneragdo para participagdo no estudo, no entanto poderdo ser reembolsadas
despesas de transporte incorridas para deslocagdo ao centro de ressondncia. Ndo haverd qualquer
custo para o participante. O presente estudo envolve a dadiva, colheita e/ou anélise laboratoriais de
amostras bioldgicas e/ou a sua analise, nomeadamente saliva para analise hormonal (marcadores
bioquimicos de “stress”). Os dados serdo apenas utilizados para o propdsito descrito e quaisquer
amostras biolégicas destruidas ap6s o fim do estudo, ndo sendo constituido um biobanco.

Os exames e as tecnologias utilizadas no estudo nio tém aqui como finalidade o diagndstico de
qualquer alteragdo patoldgica. Associado a presente equipa de investigagdo estara o neurologista
Prof. Doutor Jodo Cerqueira que, na eventualidade de se detetar alguma anormalidade anatémica ou
fisioldgica (incidental finding), tomard as devidas providéncias para assegurar o pronto atendimento
do participante por uma equipa de saude.

0 presente consentimento informado devera ser obtido antes da inclusdo do participante voluntario
no estudo. Somente o consentimento de pessoas capazes de compreender e comunicarem duvidas
sobre o estudo e/ou procedimentos, apds lhes ser provida informagdo oral e escrita sobre o estudo
e/ou procedimentos, sera considerado satisfatério para a inclusdo no estudo. O presente estudo
mereceu o parecer favoravel da Comissio de Etica do Instituto de Bioética da Universidade Catélica
Portuguesa e da Comissio de Etica do Instituto de Ciéncias da Vida e da Satide da Universidade do
Minho.

Depois de entender o estudo, serd questionado se deseja participar no estudo, e se assim o for, sera
indicado a assinar este consentimento. Todavia, a sua participa¢do sera de carater voluntario, ndo
havendo quaisquer prejuizos, assistenciais ou outros, caso ndo queira participar e/ou escolha
descontinuar a sua participagdo, junto da equipa de investigacdo e/ou instituicdo de ensino. Neste
sentido, sera livre para interromper a sua colaboragdo no estudo, em qualquer momento, sem que
com isso seja prejudicado. Se pertender interromper a participagdo no estudo solicita-se que contate
por escrito a Doutora Carla Pais Vieira.

CONDIFENCIALIDADE E ANONIMATO

Sera salvaguardado o anonimato e a confidencialidade do participante (ndo havera identificagdo
nominal do titular, sendo aposto um coédigo de participante no estudo). Garante-se a
confidencialidade e uso exclusivo dos dados recolhidos para o presente estudo, em condigdes de
anonimato (ndo registo de dados de identificagdo), sendo ainda que foi pedida e obtida autorizagdo
da Comissdo Nacional de Prote¢do de Dados, garantindo, em qualquer caso, que a identificagdo dos
participantes nunca sera tornada publica. Os dados recolhidos serdo mantidos durante o periodo em
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vigor do projeto de investigacdo, sendo os termos da sua eliminagdo previstos para xxx. Todos os
contatos serdo feitos em ambiente de privacidade.

Em nome da equipa agradecemos a sua participagdo.

Doutor Miguel Santos Pais Vieira (Investigador Principal), pvieira@porto.ucp.pt

Para questdes relacionadas com o estudo, preocupagdes ou duvidas, o participante podera contatar
com a Doutora Carla F.S. Pais-Vieira (Co-investigadora), durante o horario laboral para o email:
cvieira@porto.ucp.pt ou contato telefénico: +351 914 015 228.

Outros contatos: Encarregado de Prote¢do de Dados (DPO - Data Protection Officer) Dra. Frederica
Campos de Carvalho, E-mail: compliance.rgpd@ucp.pt ou contato telefénico: +351 217214179.

Por favor, leia com atengdo a seguinte informagdo. Se achar que algo estd incorreto ou que
ndo estd claro, ndo hesite em solicitar mais informagées. Se concorda com a proposta que lhe
foi feita, queira assinar este documento.

Eu, abaixo-assinado, declaro ter lido e compreendido este documento, bem como as informagdes
verbais que me foram fornecidas pelo investigador no estudo em que serei incluido, que acima assina.
Foi-me dada oportunidade de fazer as perguntas que julguei necessarias, e de todas obtive resposta
satisfatéria. Tomei conhecimento de que, de acordo com as recomendagdes da Declaragdo de
Helsinquia e da [Convengﬁo de Oviedo}, a informacdo ou explicacdo que me foi prestada versou os
objetivos, os métodos, os beneficios previstos, os riscos potenciais e o eventual desconforto. Sei que
ndo posso esperar nenhum beneficio direto para mim, mas sei que ajudarei os investigadores a
compreender melhor  multiplos mecanismos previamente desconhecidos associados ao
processamento tatil em humanos, passiveis de ajudar ao desenvolvimento futuras terapias de
reabilitagdo para o tratamento de sequelas de AVCs. Também sei que as minhas respostas/dados ndo
terdo efeito direto na maneira como serei tratado(a) no futuro. Além disso, foi-me afirmado que
tenho o direito de recusar a todo o tempo a minha participa¢do no estudo, sem que isso possa ter
como efeito qualquer prejuizo na assisténcia ou outros que me é prestada. Por isso, consinto que me
seja aplicado os questionarios, teste de discriminagio tactil e técnicas de neuroimagem (EEG e fMRI)
propostos pelo investigador. Concordo responder o melhor possivel as questdes e testes que me
forem colocadas/aplicados e ao questionario. Ainda que o investigador tenha acesso ao meu nimero
do processo clinico, eu sei que ele serd separado das minhas respostas e que as minhas respostas ndo
podem ser relacionadas com o meu nome/processo, exceto pelo investigador que acima assina e os
seus colegas de investigacdo. Assim, foi-me informado que o meu nome néo aparecera em qualquer
documento utilizado na investigacdo, nem serd alvo de exposi¢do dos resultados em comunicagdes e
no seio das aulas académicas.

o0 Marque esta caixa se ndo pretender ser contactado/a para participar em estudos futuros.

Nome completo: ... ... .. ... ... ... ...
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(se o menor tiver discernimento deve também assinar em cima, se consentir)
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Ainda a fazer:

Formulario de triagem para EEG

Formulario de triagem para fMRI
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INSTITUTO DAS CIENCIAS DA SAUDE DA UCP
COMISSAO DE ETICA

Parecer 39/2017

PROJECTO DE INVESTIGACAO
EFEITOS DE RECOMPENSA DURANTE O PROCESSAMENTO
TACTIL ACTIVO E PASSIVO
Investigador: Miguel Santos Pais Vieira

Na sua reunido de 12 de Outubro de 2017, a Comissdo de Etica do ICS da UCP
procedeu a analise, numa perspectiva ética, do Projecto acima referido, tendo chegado
a seguinte concluséo.

O referido Projecto néo suscita objeccdes de natureza ética.

Lisboa, 12 de Outubro de 2017

O Presidente da Comissdo de Etica
/Z[c/( :/',26\4_ QA./\&Q

Michel Renaud
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Universidade do Minho

SECVS

Subcomissio de Etica para as Ciéncias da Vida e da Saiide

Identificacdo do documento: SECVS 148/2016

Titulo do projeto: Efeifos da recompensa durante o processamento [atil ativo e passivo

Investigador(a) responsavel: Prof. Dr. Miguel Santos Pais Vieira, do Instituto de Ciéncias da Saude da

Universidade Catolica Portuguesa

Subunidade orgénica: Instituto de Ciéncias da Vida e Saude (ICVS), da Escola de Medicina da Universidade do

Minho

Outras Unidades: Centro Clinico Académico - Braga

PARECER

A Subcomissao de Etica para as Ciéncias da Vida e da Saude (SECVS) analisou o processo relativo ao projeto
intitulado “Efeitos da recompensa durante o processamento tatil ativo e passivo”.

Os documentos apresentados revelam que o projeto obedece aos requisitos exigidos para as boas praticas na
experimentacdo com humanos, em conformidade com o Guido para submissado de processos a apreciar pela
Subcomiss&o de Etica para as Ciéncias da Vida e da Satde.

Face ao exposto, a SECVS nada tem a opor a realizacdo do projeto.

Braga, 14 de dezembro de 2016.
A Presidente

s Assinado de forma digital por MARIA CECILIA
MA R I A C EC I LIA DE LEMOS PINTO ESTRELA LEAO
DN: c=PT, 0=Cartéo de Cidadao, ou=Cidadao
Portugués, ou=; tura Qualificada do

DE LEMOS PINTO G, sncot temos nto estreia o,

givenName=MARIA CECILIA,

ESTRELA LEAQ  cikbeimvossmiossmn o

Dados: 2016.12.14 16:48:16 Z

Maria Cecilia de Lemos Pinto Estrela Ledo
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Supplementary Table 1- Power of all frequency bands in each channel during discrimination period

Active Passive
Channel Band Mean Stdev Mean Stdev W p SIG
Delta 1.133 0.466 1.302 0.493 202.000 0.048 *
Theta 1.133 0.466 1.302 0.493 74.000 0.480 No
FP1 Alpha -0.069 0.057 -0.074 0.063 68.000 0.517 No
Beta -0.104 0.049 -0.117 0.050 | -146.000 | 0.157 No
Gamma | -0-119 0.072 -0.144 0.081 148.000 0.152 No
Delta 1.261 0.480 1.314 0.420 92.000 0.378 No
Theta -0.054 0.086 -0.010 0.223 46.000 0.664 No
FP2 Alpha -0.073 0.092 -0.073 0.095 -78.000 0.456 No
Beta -0.098 0.073 -0.122 0.053 | -160.000 | 0.120 No
Gamma | -0.145 | 0.091 | -0.144 | 0.073 | -38.000 | 0.721 No
Delta 1.654 | 0.490 | 1.435 | 0.467 | -212.000 | 0.037 *
Theta 0.082 0.281 -0.033 0.067 | -234.000 | 0.021 *
F3 Alpha -0.049 0.129 -0.081 0.054 -78.000 0.456 No
Beta -0.148 0.058 -0.129 0.048 164.000 0.111 No
Gamma | -0-217 0.095 -0.156 0.058 288.000 0.004 *
Delta 1.791 0.558 1.816 0.559 42.000 0.692 No
Theta 0.263 0.422 0.199 0.311 -68.000 0.517 No
FZ Alpha -0.072 0.078 -0.090 0.076 | -138.000 | 0.182 No
Beta -0.188 0.067 -0.191 0.069 -24.000 0.824 No
Gamma | -0-241 0.109 -0.226 0.091 28.000 0.794 No
Delta 1.580 0.516 1.391 0.448 | -150.000 | 0.146 No
Theta 0.079 0.226 0.019 0.175 | -202.000 | 0.048 Yes
F4 Alpha -0.071 0.074 -0.082 0.026 -30.000 0.779 No
Beta -0.156 0.064 -0.132 0.053 174.000 0.090 No
Gamma | -0-186 0.089 -0.153 0.073 172.000 0.094 No
Delta 1.415 0.424 1.393 0.388 -34.000 0.750 No
Theta 0.091 0.291 0.034 0.184 -8.000 0.946 No
T3 Alpha -0.054 0.104 -0.057 0.080 8.000 0.946 No
Beta -0.120 0.086 -0.124 0.064 -18.000 0.870 No
Gamma | -0-179 0.079 -0.163 0.063 84.000 0.421 No
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Active Passive

Channel Band Mean Stdev Mean Stdev W p SIG
Delta 1.539 0.498 1.436 0.414 -82.000 0.433 No
Theta 0.176 0.333 0.111 0.372 -164.000 0.111 No
c3 Alpha -0.024 0.154 -0.052 0.142 -98.000 0.347 No
Beta -0.150 0.071 -0.141 0.055 90.000 0.388 No
Gamma | 0209 | 0.097 | -0.178 | 0.079 | 124.000 | 0.232 No
Delta 1.539 0.517 1.588 0.487 14.000 0.900 No
Theta 0.129 0.256 0.132 0.332 -4.000 0.977 No
cz Alpha -0.081 0.052 -0.072 0.120 | -120.000 | 0.247 No
Beta -0.158 0.059 -0.167 0.066 -22.000 0.839 No
Gamma | -0-184 0.087 -0.189 0.084 -16.000 0.885 No
Delta 1.571 0.506 1.442 0.523 -52.000 0.622 No
Theta 0.162 0.352 0.096 0.194 6.000 0.962 No
ca Alpha -0.005 0.169 -0.027 0.138 -32.000 0.765 No
Beta -0.162 0.073 -0.132 0.077 102.000 0.327 No
Gamma | -0-211 0.113 -0.189 0.092 56.000 0.595 No
Delta 1.361 0.519 1.268 0.498 -86.000 0.410 No

Theta 0.125 0.400 -0.015 0.198 | -210.000 | 0.039 *
TA Alpha -0.045 0.149 -0.050 0.220 -98.000 0.347 No
Beta -0.109 0.124 -0.093 0.091 122.000 0.240 No

Gamma | -0-191 0.106 -0.151 0.084 226.000 0.026 *
Delta 1.619 0.445 1.585 0.462 -42.000 0.692 No
Theta 0.284 0.436 0.306 0.372 18.000 0.870 No
P3 Alpha -0.033 0.115 -0.016 0.125 66.000 0.529 No
Beta -0.176 0.062 -0.177 0.073 14.000 0.900 No
Gamma | -0-226 0.084 -0.227 0.101 -4.000 0.977 No
Delta 1.548 0.496 1.387 0.426 | -146.000 | 0.157 No
Theta 0.261 0.451 0.166 0.366 | -108.000 | 0.299 No
p7 Alpha -0.036 0.152 -0.068 0.086 -56.000 0.595 No
Beta -0.178 0.056 -0.151 0.062 186.000 0.070 No
Gamma | -0-207 0.080 -0.170 0.078 174.000 0.090 No
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Active Passive

Channel Band Mean Stdev Mean Stdev W p SIG
Delta 1.520 0.415 1.646 0.515 94.000 0.367 No
Theta 0.254 0.441 0.352 0.480 106.000 0.308 No
P4 Alpha -0.033 0.166 -0.010 0.114 140.000 0.176 No
Beta -0.177 0.074 -0.190 0.080 -44.000 0.678 No
Gamma | -0-200 0.088 -0.239 0.114 | -128.000 | 0.217 No
Delta 1.595 0.462 1.549 0.475 -40.000 0.706 No
Theta 0.313 0.433 0.318 0.410 -14.000 0.900 No
01 Alpha -0.023 0.087 0.018 0.160 64.000 0.542 No
Beta -0.145 0.106 -0.146 0.084 2.000 0.992 No
Gamma | -0.251 | 0.107 | -0.247 | 0.110 | 10.000 | 0.931 No
Delta 1.609 0.494 1.637 0.459 14.000 0.900 No
Theta 0.237 0.346 0.164 0.160 -78.000 0.456 No
02 Alpha 0.015 0.214 -0.043 0.118 | -176.000 | 0.087 No
Beta -0.160 | 0.061 | -0.134 | 0.072 | 140.000 | 0.176 No
Gamma | -0-235 0.105 -0.231 0.085 12.000 0.915 No
Delta 1.523 0.551 1.396 0.407 -94.000 0.367 No
Theta 0.170 0.434 -0.003 0.113 | -150.000 | 0.146 No
Tp10 Alpha -0.010 0.158 -0.058 0.132 | -178.000 | 0.083 No
Beta -0.155 0.066 -0.129 0.050 174.000 0.090 No

Gamma | -0-206 0.110 -0.157 0.068 212.000 0.037 *
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