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Abstract: In this study, the alpha and beta spectral frequency bands and amplitudes of EEG signals
recorded from 10 healthy volunteers using an experimental cap with neoprene jacketed electrodes
were analysed. Background: One of the main limitations in the analysis of EEG signals during
movement is the presence of artefacts due to cranial muscle contraction; the objectives of this study
therefore focused on two main aspects: (1) validating a tool capable of decreasing movement artefacts,
while developing a reliable method for the quantitative analysis of EEG data; (2) using this method
to analyse the EEG signal recorded during a particular motor activity (bi- and monopodalic postural
control). Methods: The EEG sampling frequency was 512 Hz; the signal was acquired on 16 channels
with monopolar montage and the reference on Cz. The recorded signals were processed using a
specifically written Matlab script and also by exploiting open-source software (Eeglab). Results: The
procedure used showed excellent reliability, allowing for a significant decrease in movement artefacts
even during motor tasks performed both with eyes open and with eyes closed. Conclusions: This
preliminary study lays the foundation for correctly recording EEG signals as an additional source of
information in the study of human movement.
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1. Introduction and Fundamentals

Quantitative electroencephalography (QEEG) differs from clinical EEG as it math-
ematically analyses the tracing of brain waves even in non-pathological states, without
necessarily having a clinical purpose [1,2]. Some interesting frontiers in the use of these
techniques are linked to sport [3–5] or to the analysis of potential predisposing factors
for neurodegenerative pathologies, with a preventive approach [6]. Purohit and Bhatt
indeed explain that there is still limited evidence examining cortical activity during reactive
balance tasks in populations with a high risk of falling [7].

It is possible to find differences in EEG signals recorded in volunteers with closed eyes
compared to those with open eyes as regards the alpha frequency band (8–13 Hz) [8,9].
A study by Del Percio and colleagues demonstrated that a certain decrease in the power
density of the alpha band in the field of EEG signal frequencies was evident in the parietal
area of volunteers standing with monopodalic support, compared to those standing with
bipodalic support [10]. A recent study by Kahya and colleagues also demonstrated that
it is possible to measure the cortical responses of volunteers engaged in postural control
tasks by adding pupillary analysis to the quantitative EEG. Researchers have demonstrated
that EEG can be an excellent non-invasive tool for assessing the cortical involvement
of postural control. Their aim was to understand the effect of increased postural task
difficulty on pupillary response and EEG outcomes, and their relationship, in young adults;
however, their study used a much more complex multichannel EEG system than the one

Signals 2023, 4, 708–724. https://doi.org/10.3390/signals4040039 https://www.mdpi.com/journal/signals

https://doi.org/10.3390/signals4040039
https://doi.org/10.3390/signals4040039
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/signals
https://www.mdpi.com
https://orcid.org/0000-0002-3959-0373
https://doi.org/10.3390/signals4040039
https://www.mdpi.com/journal/signals
https://www.mdpi.com/article/10.3390/signals4040039?type=check_update&version=1


Signals 2023, 4 709

presented in this study [11]. Edwards et al. explained that cortical activity involvement
in postural control is well recognized; however, the role of non-visual afferents remains
unclear. The parietal cortical areas are strongly implicated in vestibular-spatial functions,
but topographical localization during balance tasks remains limited [12]. Concerning
visual deprivation during postural tasks, Goh and colleagues stated that responses to
postural perturbation caused by visual occlusion are similar in nature to those observed in
relation to a physical perturbation [13]. Hulsdunker and colleagues also highlighted how
little understanding exists of the neural mechanisms underlying the continuous control of
balance, and specifically underlined the important role of frontal and parietal electrocortical
activities in balance control [14].

In the present study, we highlight the differences in EEG responses between a specific
posture with eyes open and with eyes closed, within the EEG spectrum of the alpha
bands (8–13 Hz) and also beta (13.5–30 Hz), in agreement with the analysed literature. We
investigated the exclusion of visual feedback in a sitting position with eyes open (OA task)
and with eyes closed (OC task), in a bipodalic stance with eyes open (BIPOA task) and with
eyes closed (BIPOC task) and, finally, in a monopodalic stance with eyes open (MONOA
task) and with eyes closed (MONOC task), highlighting the differences in the previously
mentioned spectra.

One of the major problems in electroencephalographic analyses is the presence of
artefacts, of which the myoelectric type is the most problematic; it is therefore necessary to
avoid recording artefacts produced by the contraction of the superficial musculoaponeurotic
system (SMAS) [15]. First, we developed a prototype headcap capable of limiting these
artefacts; then, we analysed the recording of relatively long tasks so that individual peaks
of myoelectric activity were averaged over the entire length of the action, significantly
reducing the influence of the artefact on the result of the analysis.

The goals of this study are:

- to replicate some studies already present in the literature on quantitative EEG analysis
in eyes-open and eyes-closed conditions to verify the correct acquisition, recording
and analysis of the quantitative EEG signals using an experimental headset with
neoprene jacketed electrodes;

- to expand upon the studies mentioned above by including a quantitative analysis of
the EEG signals obtained in various positions with increasing postural control, again
using the headcap with neoprene jacketed electrodes;

- to suggest a possible method to reduce motion artefacts in quantitative EEG recording
using neoprene for the headcap.

In other words, we questioned whether it was possible to discriminate tasks with eyes
closed from the same ones with eyes open in different postural conditions; whether it was
possible to discriminate the position of the volunteer, among the three postural conditions
examined; and finally, whether it was possible to verify if some cortical areas behave in a
particular way compared to others, using an experimental headcap.

The result of this research should therefore allow for the development of a more
effective method for EEG analysis in human movement.

2. Materials and Methods

qEEG: A 16-channel electroencephalograph, W003, produced by OT Bioelettronica
(Torino, Italy) was used in this study. The sampling frequency was 512 Hz with a resolution
of 12 bits for each sample. The amplifier gain was set to 5000 times. This system analyses a
signal band from 3 Hz to 140 Hz, with an adjustable gain of 100, 200, 500, 1000, 2000, 5000
and 10,000 times. The instrument is connected to a processor that handles the visualisation
and export of the data [4,5].

Headcap: For this study, an experimental headcap, Spescup, produced by Spes Medica
(Genova, Italy), made of breathable elastic material was used, on which a specific type of
electrode was applied, consisting of two neoprene rings with an interposed conducting
tin ring, with protection against wear at the junction point of the cable, in order to allow
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for measurements even during the movement of the wearer, without incurring movement
artefacts. In Figures 1 and 2 it is possible to see this new type of electrode that reduces
the problem of small translation on the scalp; being made of rubbery material, it allows
minimal movement of the headcap without the part in contact with the scalp moving from
the initial application site. Furthermore, another advantage of this type of electrode is the
increased comfort during use. To create skin contact with the electrode, the elastic and
conductive gel Neurgel, also produced by Spes Medica, was injected using a syringe with
a 1 mm thick needle with a blunt tip. The EEG headcap has 21 electrodes positioned in
accordance with the international 10–20 system [16] as shown in Figure 3. The connection
between headcap and amplifier is ensured thanks to a 150 cm long cable with a connector,
manufactured by OT Bioelettronica (Turin, Italy).
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Figure 3. Electrode placement in accordance with the 10–20 system.

Stabilometric platform and Physiotherapy couch: Volunteers were positioned for the tasks
in orthostasis on a Prokin PK 214 P stabilometric platform as shown in Figure 4 (TecnoBody,
Bergamo, Italy) [17,18]. The platform data were used only to eliminate measurements
with excessive trunk swing. It has a diameter of 40 cm and an overall maximum load
capacity of 200 kg (70 kg each sensor, with a maximum resolution of 50 g). The system is
equipped with four load cells placed at 120◦ with respect to the transverse plane and placed
diagonally with respect to the two anteroposterior (A-P) and mediolateral (M-L) axes; the
acquisition frequency of the sensors is 20 Hz and their calibration takes place automatically.
The software of the instrument allows for the creation and analysis of a statokinesigram,
axial stabilometry, Fourier transform and the evaluation of oscillations of the trunk [19].
On the wall opposite the platform, a support was placed on which a point was drawn at
the height of the volunteer’s eyes. For the tests carried out in a sitting position, a Raminstar
physiotherapy bed about 80 cm high, produced by Chinesport (Udine, Italy), was used.
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Software: Real-time data visualisation and signal acquisition were performed using
OTBiolab 1.2 (OT Bioelettronica, Torino, Italy) software. Before proceeding with the EEG
recording, a visual analysis of the signal was necessary in order to evaluate its quality; this
operation makes the operator’s experience fundamental.
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Data processing was performed using the MathWorks (Natick, MA, USA) 32-bit
Matlab 7.9.0.529 (R2009b) program.

The Eeglab 8.0.3.4b program, which runs in Matlab, was used for the visualisation of
the imported signal and for the creation of brain activity maps. The software function of
displaying the signal over time was used to select the parts of the signal that were visually
free from artefacts or with the least noise possible; these selections were then elaborated
upon through some specially developed scripts, and the data taken from the signals were
used for statistical analysis [20].

The GraphPad’s Prism 5 (GraphPad Software Inc., San Diego, CA, USA) program was
used for the statistical analysis [21–23].

Testing space: To carry out this study, a laboratory was specially set up in an artificially
lit room without windows, to ensure constant brightness, the room was free from noise
sources and acoustically isolated from the outside.

Population and characteristics: Ten male volunteers declared to be in good health were
examined, with an average age of 29 years and 10 months (SD = 5 years and 1 month),
none of whom were affected by any neurological, orthopaedic or vestibular pathology.
All participants gave their written informed consent for inclusion in this study and the
publication of results before they participated. The study was conducted in accordance
with the Declaration of Helsinki. Nine volunteers selected for data analysis preferred right
limb support in the lower limb predominance test. In the tasks in monopodalic orthostasis,
the volunteers stood on their predominant limb, keeping the contralateral one elevated
forward with the thigh approximately parallel to the plane of the platform and the leg
bent at the thigh. The inclusion criteria in the experimental group included an absence of
cognitive deficits and neurological pathologies.

Phases of the experimental protocol: The volunteer is allowed to get used to the environ-
ment where the test was carried out; this confidence-building time is necessary in order
to prevent the objects present in the room and the environment itself from influencing the
EEG tracing. This preliminary phase lasts about 10 min; during this time, the operator
shows the equipment used and explains how the EEG signal will be taken. The volunteer
is told that the procedure will not be painful in any way and will not cause any kind of
damage. Informed consent and consent to the processing of data in anonymised form are
then signed. Before the volunteer is seated on the couch, a test is performed to identify
the volunteer’s dominant lower limb. In the last phase, the protocol used for the test is
presented. Subsequently, the operator places a bracelet on the volunteer’s right wrist,
which is connected to an amplifier and which acts as the ground; a headcap is applied to
the volunteer’s head and the electrodes are filled with conductive gel using a syringe with
a blunt-point needle. Finally, a connection is made between the headcap and the amplifier.
The operator performs a visual check of the signal obtained from the scalp directly on the
monitor of the PC to which the amplifier is connected and checks that the signal satura-
tion indicators combined with each single channel give a negative result; following this
operation, the signal reception quality is checked; if it was not sufficient, a further check is
carried out on the electrodes whose signals are not correctly acquired, thus verifying their
correct positioning, and possibly adding further conductive gel. Once the quality of the
signal has been verified, the actions that the volunteer must perform during the acquisition
of the signal are explained to them. At this point, the recording of the electroencephalic
signal begins for each of the actions performed by the volunteer; the acquisition is of the
monopolar type and the reference is the median on the scalp (Cz).

At first, the volunteer is seated on the physiotherapy couch and asked to stare at a
point on the wall in front of them; this task is called open eyes (OA). After 30 s, the volunteer
has to close their eyes, and perform the closed eyes (OC) task, for 30 s more. Figures 5 and 6
show an example of analysis in the frequency domain relating to the two tasks described.
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The volunteer is then asked to move onto the stabilometric platform, where the
operator checks the quality of the signal again, adding more gel if necessary in order to
improve the contact between the electrode and the skin because it may have deteriorated
during the movement; the volunteer is positioned with feet together, with one separated
from the other by the midline of the instrument (anteroposterior axis), and centred in the
anteroposterior direction (on the mediolateral axis). The first task that the volunteer must
perform on the platform is to stay in a bipodalic support position with eyes open (BIPOA)
for 60 s while staring at a dot set previously (the dot is drawn on a mobile support and
applied two metres from the volunteer on the wall opposite the platform at eye level of the
volunteer). The second task lasts another 60 s and involves the same type of support but
with the eyes closed (BIPOC). The next task involves monopodalic support of the dominant
limb, placed with the sagittal line median of the platform (front-posterior axis) coinciding
with the second toe and the centre of the heel; this task lasts 30 s with eyes open staring
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at the point on the wall previously described (MONOA). Finally, the last task involves
the same position but with eyes closed (MONOC). See Table 1 for the description of the
various tasks.

Table 1. Task descriptions.

Duration (s) and
Acronym of the Task Description of the Task

30 s OA Volunteer sitting on the couch with eyes open

30 s OC Volunteer sitting on the couch with eyes closed

60 s BIPOA Volunteer standing with bipodalic support and eyes open

60 s BIPOC Volunteer standing with bipodalic support and eyes closed

30 s MONOA Volunteer standing with monopodalic support and eyes open

30 s MONOC Volunteer standing with monopodalic support and eyes closed

In the two tasks with monopodalic support, the intervention of a collaborator is
necessary to hold the monopolar cable overhead, as this motor task causes greater body
oscillations in the volunteer than in the previous tasks. To prevent noise from being
generated due to collisions between connectors, an operator holds the cable above the
volunteer’s head, allowing the braid of wires coming out of the headcap to move freely
without the connectors colliding, this collaborator must have a bracelet on their wrist or a
plug on their hand connected to the ground in the amplifier.

During the actions, MONOC and MONOA, in the event of loss of balance, the volun-
teer may lean with one hand on the support of the platform. The execution of the tasks on
the stabilometric platform has as its motivation the prevention of the recorded task from
being performed in conditions of poor postural control.

Signal analysis: As for the pre-processing, the signal was acquired through a 3–30 Hz
analog bandpass filter to which a digital filter was subsequently applied to further increase
the attenuation of out-of-band noise. We used a 1 Hz high-pass filter and a 50 Hz tuned
Notch filter to remove AC noise [24,25]. For both the 30 s and 60 s tasks, a time window
length of 5 continuous seconds was identified, centrally with respect to the duration of the
entire task, and therefore, this time window was used for subsequent signal analyses. The
reason for this temporal selection of the signal is due to simple logistic factors: the signal is
in fact acquired continuously, and the volunteer needs to move to assume an orthostatic
bipodalic position after that session, and then, a monopodalic position after the bipodalic
one; the identification of a window in which there are no artefacts due to the movement of
the volunteer between the various positions and in which there is coherence and stability
in the recorded signal allows us to analyse only the electroencephalic signal dependent on
the specific postural task in which the volunteer is engaged. For this study, a specific script
executable through the Matlab program was developed in order to create data matrices to
be subsequently analysed using the statistical processing program. The program makes it
possible to import the desired files sequentially, and it is possible to perform the analyses
for the desired signal bands, avoiding selecting a band interval that is too narrow for the
type of filter used (5th-order Butterworth).

Once the band to be analysed have been identified, the selection of the file of the first
volunteer and the start and end times of the various tasks in milliseconds are requested;
then, the other files will be inserted with the relative time data.

The program was designed to memorise the time values of the various tasks, in order
to speed up further analysis operations on the same files. Once the input of the volunteer
files is completed, the program calculates the mean frequency, the median frequency,
the ARV (Average Rectified Value) and the PSD (power spectral density, based on DFT
technique) for each second (1000 ms), and then, averages the 5 fragments (because we used
a 5 s time window length); in the case of timing sections of less than a second, the program
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manages the values by weighting them on the length of the section where necessary, so as to
be able to compare the data between one section and another [26]. As regards the PSD, we
estimated the power that corresponds to the peak in PSD; this approach was applied to both
the alpha and beta bands. Pre-processing filtering, described above, reduces sub-10 Hz and
-50 Hz spurious frequencies, allowing for a cleaner spectrum analysis.

The four matrices created have five dimensions: (1) volunteer number, (2) band,
(3) task, (4) channel and (5) time; so, each value has five indexes that define its position.
These values are subsequently entered into a matrix with only four dimensions by averaging
the values of the single task, obtaining a single timing value for each action.

The next step is the generation of two-dimensional matrices that can be imported into
the statistics program. A dialogue window requires the selection of the location in which to
save the data, and through a few processing cycles, the matrices will be created, keeping
2 indexes fixed and thus leaving only 2 variables, which are saved as a .csv file.

The matrices maintain a two-dimensional shape and are constructed for each channel
in relation to one of the two variables (ARV or PSD) of one of the two bands (alpha or beta)
examined for each of the two conditions (eyes open or eyes closed).

Since the differences between sitting position, standing position with bipodalic support
and standing position with monopodalic support were analysed, a total of 384 tables were
generated (128 for each analysis * 3 stations investigated).

Statistical analysis: For the statistical analysis, the GraphPad Prism program was used,
and a Wilcoxon test was performed on each pair of variables. We decided to carry out the
two-tailed Wilcoxon test to verify whether in all channels, the task involving closed eyes
had a higher average value than the same with open eyes. Furthermore, a Friedman test
was used to compare the three tasks with eyes closed and the three tasks with eyes open.
Subsequently, Dunn’s post hoc test was conducted to analyse the differences between the
tasks of the same group [27,28].

3. Results and Data Analysis

The difference between the two tasks in a seated position and between the two tasks
in an upright position with bipodalic support was statistically significant both as regards
ARV and PSD. As can be seen from the Table 2, the differences are visible for almost all of
the registered channels.

Table 2. Significant p-values of Wilcoxon test performed on pairs of tasks; each open-eye posture was
compared with the same closed-eye posture. * = p < 0.05; ** = p < 0.01.

Var. ARV PSD

Task OA–OC BIPOA–BIPOC MONOA–
MONOC OA–OC BIPOA–BIPOC MONOA—

MONOC

Band (Line)
Electrode

(Coloumn)
α β α β α β α β α β α β

Fp1 ** ** ** **

F3 ** ** * ** * **

C3 * *

P3 ** * * * * *

Fp2 ** ** ** **

F4 * ** * ** ** **

C4 ** ** * ** * *

P4 ** ** ** ** ** ** ** ** *

F7 * * ** ** * *
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Table 2. Cont.

Var. ARV PSD

Task OA–OC BIPOA–BIPOC MONOA–
MONOC OA–OC BIPOA–BIPOC MONOA—

MONOC

Band (Line)
Electrode

(Coloumn)
α β α β α β α β α β α β

T3 ** * ** *

T5 ** * ** * * ** ** ** **

F8 ** * ** **

T4 ** ** ** **

T6 ** ** ** ** ** ** ** ** *

O1 ** ** ** ** ** * ** ** * * **

O2 ** ** ** ** * ** * ** ** ** * **

A greater number of statistically different electrodes were found in the tasks filtered for
the alpha band of the signal than for the beta; when statistically significant, the differences
showed higher values for the eyes-closed tasks. As regards the task in orthostasis with
monopodalic support, the only significant results are highlighted mainly for the electrodes
in the posterior area of the skull.

In Figures 7–9, the blue coloured electrodes represent a statistically significant dif-
ference between eyes open and eyes closed for the ARV variable in the various postu-
ral conditions.

In Figures 10–12, the blue coloured electrodes represent a statistically significant
difference between eyes open and eyes closed for the PSD variable in the various postural
conditions.

The data in the graphs shown in Figures 13 and 14 represent ARV and PSD averaged
over all channels, thus only obtaining a value for each task that represents the average
electrical emission of the entire scalp averaged over all volunteers. From this type of
analysis, we can highlight that in the alpha band, the values of the tasks with eyes closed
are always greater than those of the tasks with eyes open, both as regards the ARV and PSD
variables. It can be observed that the ARV and PSD values of the tasks with eyes closed
decrease as the difficulty of the task performed increases.
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4. Discussion and Conclusions

On the basis of the results obtained, we can state that the headcap with neoprene
jacketed electrodes allows us to obtain EEG signals that discriminate between the conditions
of open eyes and closed eyes in a way comparable to the reference literature, both in the
alpha band and in the beta band; it also allows us to analyse different postural conditions
in order to identify the existing variations in the aforementioned bands as well as allowing
for the analysis of the localization of the signal on the scalp in a clear way; finally, it permits
us to obtain a clean signal from movement artefacts, an existing limit in the analysis of the
EEG signal during motor tasks and which requires heavy subsequent interventions on the
signal through hardware and software filters. The use of a headcap with neoprene jacketed
electrodes, on the other hand, allows for the acquisition of a signal that is substantially free
of large myoelectric artefacts.

We can state that for the alpha band of the EEG signal, it is possible to identify a
statistically significant difference for ARV and PSD between eyes open and eyes closed
in the tasks with the volunteers seated and in those with the volunteers standing with
bipodalic support; although we could expect statistically significant differences involving,
in particular, the areas close to the occipital lobe, statistically significant differences were
found in all electrodes, except for electrodes C3 and P3.

As the postural task increased in difficulty, however, there was a reduction in the
number of electrodes with statistically significant differences between the eyes-open and
eyes-closed conditions, as the increasing difficulty of the task tended to smooth out the
differences between the visual conditions in most brain areas, highlighting the electrodes
at the same time and therefore the brain areas directly involved in the presence or absence
of visual stimuli.

The reason for this behaviour is found in the fact that the exclusion of sight causes an
increase in the signal amplitude in the alpha band. In the analysis of the tasks in a standing
position with monopodalic support, on the other hand, the same type of statistically
significant differences were not found; however, some significance was highlighted in
the electrodes placed in the occipital area (O1 and O2) and neighbouring areas. These
differences were found for both the alpha band and the beta band. A possible explanation
is related to the lack of relaxation induced by the elimination of the visual feedback; in
this type of support (monopodalic), the volunteer is unable to find a state of relaxation,
blocking the increase in the amplitude of the signal in the alpha band.

However, the O1 and O2 electrodes were placed on the occipital cortex in correspon-
dence with BA17 (primary visual cortex), BA18 (visual association) and BA19 (visual
association, recognition of features, shapes and attentional integration functions) [29,30]
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as shown in Figure 15; this is probably the reason we can detect differences in all the
positions and in all the bands analysed. Furthermore, it is possible that, given the reduced
spatial resolution, the signal recorded by these two electrodes contains some signal compo-
nents coming from the cerebellum, which has the task of controlling the execution of the
movements [31,32].
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As regards the beta band of the EEG signal, minor significant differences were detected
between tasks with eyes open and tasks with eyes closed, the reason being the characteristic
of the beta waves, which are gradually wider as brain activity increases; for this reason,
fewer differences were found, especially in the tasks with bipodalic and monopodalic
support in the standing position.

The difference in brain activity in the task with eyes open compared to that with
eyes closed is less than the activity introduced by the task of maintaining this position;
furthermore, the increase in the level of attention, which occurs when we exclude sight,
produces increased brain activity with increasing instability. Regarding the upright position
with bipodalic support, since the task of maintaining balance is less onerous than the
positions with monopodalic support, due to the greater support surface, the differences in
brain activity relating to the presence or absence of visual feedback are greater, even if they
refer only to the posterior area of the skull. For the tasks recorded in the seated position, for
the reasons mentioned above, we highlight a greater level of significance. In all the tasks
analysed for both bands, when the test results are statistically significant, the ARV and PSD
values of the tasks with eyes closed are greater than the respective tasks with eyes open;
this means that when the subject has their eyes closed, the cortical signal emitted by the
areas in which differences have been identified has a greater amplitude.

In the tasks in monopodalic orthostasis, the value in the power spectral density (PSD)
of a particular electrode has attracted our attention: C4 filtered for the beta band. Looking
at the representation of the electrodes on the scalp, the area to which this electrode refers is
identified in the literature as Brodmann’s area 4, relating to the primary motor cortex [33];
furthermore, we know that the voluntary motor impulses of the contralateral half of the
body, in our case, of the left side, are generated from this area [34]. Examining the execution
of the task, we could therefore identify a stabilising use of the elevated lower limb; this
also involves movements of considerable amplitude made to maintain balance, especially
with eyes closed. Then, examining the predominance of the lower limbs of the subjects
analysed, we can find that all have the lower left limb raised, the control of which, as
already described above, would appear to be responsible for Brodmann’s area 4 on the
right side of the skull, precisely the area corresponding to the C4 electrode [35].

Clearly this remains a mere hypothesis relating to the significance found for electrode
C4, but which would need further investigations to be confirmed.

Confounding factors: Myoelectric artefacts are the first of the potential error factors, as
the contraction of mimic and cranial muscles, in particular, those of the temporo-frontal
and occipital area such as the frontal and occipital belly of the epicranius muscle and the
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auricular muscles, generate an electrical signal which is detected by the EEG amplifier, but
which does not match the cortical electrical signal. To limit this factor, it is necessary to
apply a low-pass filter at 45 Hz to partially reduce the acquired myoelectric signal [36]; the
filter can be applied directly at the hardware level or applied later at the software level.

A further source of error linked to the anatomical district involved concerns the
displacement of the skin planes on the skull, due to the contraction of the aforementioned
muscles; although, on the one hand, it is true that this displacement does not generate
noteworthy electrical artefacts, it is evident in the electroencephalographic recording that
there are signal amplitude peaks due to the sliding of the electrodes on the scalp.

The positioning of the electrodes through the application of a prepared headcap
must follow a consistent and repeatable procedural line, since if the positioning is varied
during the measurement, the signal will be recorded in correspondence with areas that
have undergone a slight translation. With this in mind, it is useful to remember that the
electrode detects the electrical activity cortex of an area with a diameter approximately 10
mm greater than the diameter of the electrode itself. Furthermore, the conformation of
the headcap in relation to the shape of the skull could generate minimal differences in the
spatial acquisition of the electroencephalic signal.

To amplify the EEG signal (that on the surface of the scalp has an amplitude of a few
tens of microvolts), an amplifier hardware device (already mentioned) is used; due to the
strong amplification required to visualise the EEG signal (which can reach ten thousand
times), the electromagnetic interference present in the environment is, in turn, amplified
and can become a source of disturbance.

The electrical network to which the equipment is connected (AC 240 V 50 Hz) interferes
with the acquisition of the electroencephalographic signal; this interference is evident in
the analysis of the signal due to the presence of a peak in the frequency domain relating
to 50 Hz. Thanks to the use of the low-pass filter, the frequency in question is outside the
frequency range under analysis.

Sources of extemporaneous acoustic noise in the recording room could disturb the
test, as they would reduce the reproducibility of the protocol by inducing variations in
the emitted cortical signal in the tested volunteer; these alterations would then not be
distinguishable or eliminated by observing the trace, compromising the usefulness of the
measurement of the task in question; for this reason, the tests must always be performed
under the same conditions and it is therefore important to eliminate random noises and
other forms of sensory disturbance.

To ensure that the electrodes receive the electroencephalographic signal in an optimal
manner, it is necessary to use conductive gel; if this is not sufficient, the signal will be
affected by a large amount of noise, and in the opposite case, the signal registered may not
be correct, due to the short circuit that would occur between nearby electrodes.

A final source of error is related to the correct positioning of the ground electrode on
the wrist of the volunteer, which guarantees an optimal recording. The adopted strategy
involves the use of a wet bracelet to be positioned on the wrist of the tested volunteer. It is
also advisable that the examiner also have an earth connection in the same apparatus.

In the signal reception quality verification phase, the researcher’s experience is decisive
in the recognition of the coherence of the recorded signal; a signal in which there are
excessive artefacts, or in which the signal recorded by the electrodes is spurious, would
generate not very useful data for the subsequent analysis. The presence of indicators of
saturation of the signal band does not facilitate the task of the operator, as this indicator
does not evaluate the quality of the signal but only the saturation; consequently, the visual
analysis of the signal on the monitor is fundamental.

It is very important to choose the right type of assembly; in this study, a monopolar
assembly with a reference on the Cz was chosen. It must be remembered that no refer-
ence is electrically silent; the reference electrode is usually positioned at the level of the
interhemispheric fissure in the apical area.
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A superficial or lack of explanation of the phases of the experimental protocol is
supposed to influence the result of the electroencephalographic tracing, as a volunteer
unaware of what will happen during the study will respond with different cortical activity
from a correctly prepared volunteer.

Manipulating the connection cable between the headcap and the amplifier during
recording introduces a source of noise into the recorded signal. To overcome this inconve-
nience, the movements of the volunteer have been reduced to a minimum during the tests
and the cable must be positioned so that it cannot swing; the operator must avoid touching
the aforementioned cable, as the parts that generate the most noise are the connections
between the pins of the headcap and the pins of the connector.

Another source of error is the incorrect coupling of the electrodes with the relative pin
of the acquisition cable; this error leads to an inversion of the channels in the import of the
signal, making the study of the spatiality of the signal useless.

The use of the amplifier device requires some adjustments, which must be unchanged
and consistent; the real-time data visualisation software and the processing software must
be sufficiently known by the researcher, who will necessarily have to spend a learning
period on the relative use of the applications.

The hair and scalp have conductivity that varies from person to person, so the quality
of the signals also depends on the volunteer.

A request to shave the scalp to unify the values of the length of the hair and the
application of a degreasing solution would eliminate some differences in the conduction
of scalp electricity. Due to the shape of both the headcap and the skull, some electrodes
may not adhere perfectly to the skin, this could compromise the quality of the signals taken
from these points.

We propose the adoption of a headcap for signal acquisition provided via a continuous
pressure system of the electrodes on the scalp and possibly including a continuous gel
release mechanism inside the electrode at the point of contact with the skin. By exerting
slight pressure on the volunteer’s skin, the electrodes would guarantee perfect adaptation
of the instrument to the various thecal conformations.

Perspectives: The removal of artefacts related to the presence of myoelectric activity
could be performed via EMG detection, and the artefacts could subsequently be subtracted
via software from the signal of the electrodes taken from the affected area (fronto-polar and
frontal electrodes), or more easily by eliminating the portion of the signal affected by this
artefact using an EMG detection above a certain threshold as a criterion [37].

The use of a wireless amplifier would make it possible to carry out EEG analyses of
more complex motor tasks, given the absence of spatial movement constraints.

The use of an amplifier with more than 16 channels could benefit the spatial identifica-
tion of the origin of the signals.
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