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Comparative Analysis Electroencephalographic of
Alpha, Beta and Gamma Bands of a Healthy
Individual and One with Hemiparesis
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Abstract.

[Purpose] The study analyzed the electroencephalographic (EEG) data of the central cortical areas,

during execution of the motor gestures of feeding, activation of the system of mirror neurons, and imagery between
a right hemiparetic volunteer (RHV) and a healthy volunteer (HV). [Subjects and Methods] The volunteers’ EEG
data were recorded with their eyes open for 4 minutes while they performed five experimental tasks. [Results] The
alpha band, absolute power value of HV was lower than that of RHV. In the beta band, during the practice condi-
tion, there was an increase in the magnitude of the absolute power value of HV at T3, possibly because T3 is rep-
resentative of secondary motor areas that work with cortical neurons related to planning and organizing sequence
of movements performed by the hands. The gamma band is related to the state of preparation for movement and
memory. The results of this study indicate that there was increased activation of the gamma frequency band of HV.
[Conclusion] The findings of this study have revealed the changes in pattern characteristics of each band which may
be associated with the brain injury of the hemiparetic patient.
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INTRODUCTION

The increased life expectancy of Brazilians, due to scien-
tific and technical advances has contributed to the changing
epidemiological profile. In this sense, the model of health
care focused on infectious diseases has been gradually re-
placed by a model directed at chronic diseases. Stroke is
classified as chronic degenerative disease and is character-
ized by an abrupt episode of vascular origin, which results
in focal or generalized disturbance of brain function that
persists for more than 24 hours). After a stroke, an indi-
vidual may present neurological alterations related to motor
functions, speech and cognition, as well as impairment of
independence in daily activities of life?.

Motor disorder may present in the form of hemiplegia/
hemiparesis. Hemiplegia is characterized by an abnormal
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physical state of the hemibody, accompanied by total loss of
strength, alteration of the senses, and mental, language and
perceptual disorders, while hemiparesis results in partial
loss of strength and the other symptoms mentioned above,
with hemiplegia/hemiparesis® being the most commonly
found symptom in patients after stroke®.

A functional recovery strategy for limitations resulting
from motor impairment, the use of motor imagery (MI)
stands out especially with regard to daily activities. MI is
defined as the mental process dynamic in which the sub-
ject simulates a motor task that occurs without the move-
ment of the segments associated with this task, and can it be
presented in two modalities: visual and kinesthetic. These
differents modalities of MI activate distinct brain regions,
and these activities can be investigated through electroen-
cephalograms (EEG)”.

Besides MI, another therapeutic strategy is the mecha-
nism of mirror neurons. These are visualmotor neurons
that are triggered both when an individual performs a cer-
tain gesture as when volunteer observes another individual
performing the same movement. The presence of mirror
neurons in humans has been demonstrated in studies of the
reactivity of EEG brain rhythms during the observation of
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Table 1. General data of the subjects

Scale imager
Subject Age  MEEm Darthel esey
index  Kinesthetic Visual
Hemiparetic 61 23 74 6 7
Normal 60 21 100 6 6

movements®). Furthermore, the utility of EEG as a tool for
the analysis of brain function can be observed in protocols
that use actual execution of motor tasks, like MI7).

The present study used electroencephalography to com-
pare the values of absolute power of the alpha, beta and
gamma frequency bands in the central cortical areas dur-
ing performance of the motor gestures of feeding, and the
drive system of mirror neurons and imagery between a right
hemiparetic volunteer (RHV) and a healthy volunteer (HV).

SUBJECTS AND METHODS

This study was conducted at the Laboratory of Brain
Mapping and Functionality (LAMCEF) at the Federal Uni-
versity of Piaui (UFPI) and presents the report of two cases,
one healthy volunteer and one right hemiparetic; both were
male and right-handed. To check the handedness, individu-
als answered the Edinburgh Inventory. Then, they were
evaluated using to the Modified Ashworth Scale to identify
hypertonia’ degrees. The mini-mental state examination
(MMSE) was conducted as a cognitive screening instru-
ment. In order to verify the overall functionality of the sub-
jects, the Barthel Index was assessed as well. The ability of
imagining a motor gesture in the first or third person was
investigated through the scale of motor imagery (The Kin-
esthetic and Visual Imagery Questionnaire; KVIQ). The
subjects were duly informed about the objectives, the ex-
perimental procedure involved, and the methodology of this
study, and voluntarily signed a consent form. The study was
approved by the Ethics Committee on Human Research of
UFPI, under registration number 246.283/2013.

The EEG signal was captured using a BrainNet BNT-
EEG (EMSA). Electrodes were placed according to the 10-
20 international system, and the reference electrodes were
placed on the earlobes (bi-atrial). The EEG signals were
recorded in a prepared soundproof room. The EEG signal
frequencies fluctuated between 0.01 and 50 Hz. To ensure a
more judicious selection, parts contaminated by muscle ar-
tifacts were removed using an automatic rejection algorithm
to reject values exceeding a threshold (100 microvolts).

The first EEG measure was performed with the subject
at rest for 4 minutes with his eyes open. Immediately af-
ter, the subject watched a 6-second video showing the mo-
tor gestures of picking up a cup, bringing it to the mouth
and putting it back on the table in front of the subject. It is
noteworthy that the individual in the video sat in a com-
fortable position, under the same conditions as the subjects
of our experiment. After watching the video the subjects
performed three randomized tasks. 1) Practice — the sub-
jects performed the motion of withdrawing the right hand
that was resting on the table, picking up a glass, bringing it

to the mouth and return it to the initial site marked on the
table, and replacing the hand in the starting position. 2) Im-
agery — the subjects imagined the motor gesture described
above in the first person for 4 minutes. 3) Mirror neurons
— the subjects watched the video of the motor gesture de-
scribed. Immediately after the experimental tasks the sub-
jects” EEG at rest was measured again. All measurements
were performed for four minutes. The data were analyzed
used MATLAB® R2011a, converted by Microsoft® Excel
2010, and transformed into log 10 values. The averages of
absolute power were calculated.

RESULTS

The data in relation to age, and cognitive functional
capacity, as well as the scale of imagery are presented in
Table 1. All values of the magnitude of absolute power in
the alpha band of HV were lower than those of RHV (Fig.
1). Regarding the imagery data scale, despite the individu-
als finding it easy to imagine, the electroencephalographic
results were not the same in HV. This was reflected in the
lower value of the absolute power at C3. The analysis veri-
fied higher values at CZ, C4 and T4, corresponding to the
right hemisphere. In the beta band, in the practice task, an
increase in the magnitude of power at T3 of HV (Fig. 2)
was observed. In contrast, in RHV, there was no increase
in absolute power values in practice compared to rest, but at
T4 greater activation was observed.

The analysis of the gamma band showed there was in-
creased activity in RHV during the imagery task, specifi-
cally at T4 (Fig. 3). During all other tasks, we observed a re-
duction in the magnitude of the gamma band power. During
Initial Rest HV showed high power at C3 that corresponded
to representation of the hand. In general, HV showed lower
cortical activation during all tasks at all measurement sites;
however, at C3, there was an increase in the magnitude of
the absolute power during the following tasks: Initial Rest,
Practice, Imagery and Final Rest. The HV also showed in-
creased power at T4 during tasks of Initial Rest, Practice,
and Imagery, and reduced activity during Rest and Final
Video. HV showed higher magnitude at C4 during Initial
Rest, but in the other tasks only reductions were observed.
HYV showed reduced cortical activation at all the other mea-
surement sites during all of the tasks.

DISCUSSION

The present study aimed to compare between RHV and
HYV, the values of absolute electroencephalographic in the
alpha, beta and gamma frequency bands of the central corti-
cal areas, resulting from the execution of the motor gesture



m Normal

Hemiparetic
0.8 ——— —

wo+—

wt+—r-—

02 +— — — f —

p—
p—
p—

T3‘C3‘C1‘CA‘T4 T3‘C3‘C1‘C4‘T4 T3‘C3‘CZ‘C4‘T4 TS‘IS CZ‘CA‘IA Ts‘ca‘m‘m‘m

Initial Rest Practice Imagery Video Final Rest

-0.2
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Fig. 3. Comparison of the absolute power of the gamma band
across the five tasks

of feeding, the activation of the mirror neuron system, and
imagery. For this study, the central electrode sites of C3,
CZ, C4, T3 and T4 were chosen in order to represent the
motor areas related to the planning and execution of move-
ment, and the sensory areas corresponding to the areas of
the body activated whenever any sense or sensory receptor
is specifically stimulated®.

The frequency bands were chosen because of their par-
ticular characteristics. The alpha band is inversely related to
cortical activation”?, cognitive processes and wakefulness
required during task execution!® !V, This band contains fre-
quencies between 8 and 13 Hz'?. Changes in alpha band
power seem to be associated with cognitive tasks of differ-
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ent levels of complexity'?). Alpha band power is also associ-
ated with highly specific perception, attention and memory
processes'?. The increase in the absolute power of the al-
pha band observed in this study appears to be related to
the mental consolidation of the task”. Alpha rhythm activa-
tion is inversely related to the proportion of the population
of cortical neurons activated during perception, motor and
cognitive processes'¥). Thus, we suggest that HV responded
adequately to the demands of the tasks, while RHV showed
lower mental activity in all tasks, possibly because of brain
injury. The lower values of the absolute power verified at
C3, demonstrate that HV showed greater mental activity
during Imagery and Video than RHV. The results of HV
showed higher activities at CZ, C4 and T4, corresponding
to the right hemisphere. This shows that due to lesion in the
left hemisphere, RHV had cortical activation suggestive of
prior motion inexperience. It has been reported that cortical
activation occurs in the contralateral hemisphere during the
execution and learning of movement'?,

The beta frequency band spans 12 to 30 Hz. From a func-
tional perspective, beta frequencies are commonly associ-
ated with motor activities'"> 12, When this band is presented
in cortical activity, suggests mental activity and sharp at-
tention”). The beta rhythm seems to be linked to movement
precisely in the frontal and central areas of the cortex that
are related to the planning and execution of voluntary move-
ments, and it can be influenced by exercise'> ). The beta
band is related to motor activities, especially in the frontal
and central cortical areas which are, responsible for acti-
vating conditions of planning and execution of voluntary
movements'? '3, The magnitude of the absolute power at T3
increased during the Practice by HV (Fig. 2), possibly be-
cause T3 is representative of secondary motor areas which
work as planners and organizers of the sequence of move-
ments performed by the hands of the subject. In contrast, in
RHYV, there was no increase in power values during rest, but
at T4 greater activation was observed, presumably to assist
the work of T3 during Practice'?. This would indicate syn-
chronization between the same associated regions of the left
and right sides of the brain contralateral to the motor task
requested. Beta waves appear in association with maximum
attention of the dominant hemisphere, which possibly lends
itself to motor planning strategy, as shown predominantly
at T3,

The gamma band is related to memory, integrating fac-
tors and integrating spatial/temporal proprioception?. Ac-
cording to Teixeira, its frequency range is 30—-100 Hz'©).
However, Uhlhaas demonstrated frequencies from 60 to
200 Hz, which were correlated to specific cognitive func-
tions®. These frequencies were associated with pace, wak-
ing as a preparatory state to movement, and processing of
diffuse cortical information before the motor event hap-
pen'®. The increase in the absolute power values of RHV
at T4, which is located in the right hemisphere and corre-
sponds to the area responsible for motor control of the hand,
during Imagery, indicate an evoked memory of the move-
ment. This shows preservation of the ability to imagine the
tasks in RHV, and use of the hemisphere opposite to the
brain injury to assist in achieving the movement® 19



804 J. Phys. Ther. Sci. Vol. 26, No. 6, 2014

HV during Initial Rest showed high power at C3 cor-
responding to representation of the hand. Probably this was
due to prior knowledge of the task; however, during Prac-
tice, the increase was not significant compared to the other
conditions. The magnitude of power of the gamma band is
related to the state of preparation for movement and memo-
ry; however, the results of this study indicate that there was
increased activation in this frequency in RHV!% 1)) pos-
sibly because neural activity was lowered by the presence
of brain injury.

The analysis of absolute power of the alpha, beta and
gamma bands allows observation of changes in patterns of
consolidation in mental tasks, motor planning, and evoca-
tion of memory, which may be associated with brain injury
in hemiparetic subjects. Studies indicate that the applicabil-
ity of motor imagery associated with other physiotherapy
resources enhances treatment targeting motor functional-
ization of patients with stroke'®. Future studies should in-
vestigate experimental models to complement the present
findings, associating different tasks and retention periods,
in order to obtain more information about the patterns of
cortical activation.
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