ORIGINAL RESEARCH

MedicalExpress

Involvement of beta absolute power in motor areas after
hand immobilization: An EEG study
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OBJECTIVE: The purpose of this study was to analyze changes in beta band absolute power in cortical areas, before
and after a condition of hand immobilization for 48 hours.

METHOD: Fifteen healthy volunteers, aged between 20 and 30, were submitted to EEG assessment before and after
immobilization, while performing a motor task triggered by a visual stimulus.

RESULTS: Statistical analysis revealed that hand immobilization caused changes in cortical areas. Significant increases
in beta band absolute power were found after hand immobilization at electrodes Fp2, C3 and P4. In contrast, at
electrode C4 a decrease in beta band absolute power occurred after hand immobilization.

CONCLUSION: Predominant hand immobilization, even for 48 hours, is sufficient to cause cortical changes that
affect movement planning. Such changes may represent a cortical strategy to supply cortical changes in contralateral
hemisphere due to immobilization. Further studies are necessary to understand cortical changes due to hand
immobilization and movement planning, especially considering how much time of immobilization is necessary to
promote such changes.
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neurologically impaired patients compared to healthy

Bl INTRODUCTION
individuals, informing clinical practice and guiding

Electroencephalography (EEG) has been frequently
used to analyze neural activity during motor tasks in order
to understand how the human brain controls movements
and thus shed light on mechanisms associated with motor
learning.!> Neuroimaging represents a helpful tool for
neurological rehabilitation, i.e., it is able to analyze how
a specific task triggers brain activation differently in
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clinicians in choosing a rehabilitation strategy with best
chances of success.® Moreover, EEG temporal resolution
enables a follow-up of neural responses in each trial
and may point out mechanisms of motor control that
are useful in neuroscience, engineering and robotics,
especially when involving hand movements due to its
multiple functions in daily activities and its considerable
cortical representation.*’ Likewise, EEG data and their
correlations with neuropsychological tests may provide
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information about brain function. Cognitive impairment is
generally followed by an increase in theta and delta power,
whereas alpha and beta power usually decrease in such
conditions.®10

The Beta band (14-30 Hz)!! is associated to cortical
activity involved in mental processes required for motor
and somesthetic processes'*'* and must be regarded as a
remarkable feature of the primate nervous system, namely
the somatomotor network.!*!> Traditionally, this neural
activity is related to motor functions and their preparation
and execution.'® Neural oscillations in the beta band occur
predominately in primary somatosensory, motor and
premotor cortical areas.!! Some studies proposed that
beta oscillations supply a mechanism to bind sensory to
motor cortical areas during movement.»'”® In spite of
accumulated knowledge about beta oscillations in motor
cortex activity, less is known about its behavior in situations
of movement deprivation. It is well established that
oscillatory cortical activity in the beta band is suppressed
during dynamic movements. This frequency band has been
extensively studied for upper limb movements.® In this
study, we investigate the absolute power which represents
the power of a signal at a particular frequency band. It
reflects the amount of energy presented, i.e., the band
activation in a specific pair of electrodes.!*?°

Beta band was chosen because its activity seems
related to the maintenance of the current sensorimotor
state. Voluntary, imagery and even passive movements?!
may decrease beta band activity; on the other hand, an
increase occurs after movement (beta rebound) and during
steady contractions.?? A link-up mechanism between
sensory and motor cortical areas has been associated to
beta oscillations.!! This type of neural activity has a strong
relation to motor functions, including the preparation and
execution of movement, in which beta band activity is
attenuated.!®

Thus, this study aimed to analyze changes in beta
band absolute power in cortical areas before and after
a condition of hand immobilization for 48 hours. Our
hypothesis is that changes in this band absolute power, may
occur in sensory and motor areas. An associated article
on gamma absolute power in the same procedural setup is
published simultaneously with this report.?®

Bl METHODS

Sample

Fifteen right-handed healthy subjects, 4 menand 11
women (average age 24 * 1.2 years old) gave their written
informed consent to participate in the experiment (average
age 24 * 1.2 years). They were chosen randomly and the
recruitment of the volunteers was accomplished thanks to
research announcements posted in different Universities
in the State of Rio de Janeiro. As inclusion criteria, the
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subjects should not have mental or physical illnesses (as
evaluated through a previous anamnesis) and should not
use any psychoactive or psychotropic substances during the
duration of the study. Due to hand laterality, the Edinburgh
inventory?*% was used to identify the right- vs left-handed
laterality predominance of the participants. Left-handed
individuals were excluded from the experiment. The
subjects were instructed not to use tobacco, coffee or
alcoholic drinks 10 hours before the test because these
substances may influence cortical activation recorded
by QEEG brain mapping.?6-2® The study was approved by
the ethics committee of Veiga de Almeida University and
complied with the ethical standards of the Declaration of
Helsinki.

Tasks and Procedures

A room with acoustic and electrical isolation
was used. The lights were dimmed during the
electroencephalography (EEG) signal acquisition and
the subjects were sitting in a chair with armrests in
order to minimize muscle artifact during EEG signal
acquisition. In front of the subjects, on a table, there was
a 15-inch monitor that was placed facing the subjects
and turned on only when the subjects performed the
task (i.e., flexion and extension of the index finger).
Initially, the EEG signal acquisition lasted for 2 minutes
(at rest) with the monitor turned off and facing the
subjects. Then, a sensor to measure acceleration
(accelerometer) was placed on the right index finger.
A visual stimulus appeared on the monitor and the
subjects performed the task (i.e., flexion and extension
of the index finger). The accelerometer was connected
to the EEG through an additional channel (i.e., channel
21) and thereby provided a signal to EEG recording
when the subjects performed the movement.

The research team developed a task where
participants performed index finger flexion and extension
when visual feedback was generated by a random image
(i.e., a yellow ball) on the monitor. The complete task
involved 6 blocks of 15 trials. In order to avoid muscle
fatigue, a 3-minute break between each block was given
to the subjects. Thus, the task had 1 minute in each block
with a 3-minute interval between blocks, adding up to
24 minutes for the whole task. After completing the
task, the monitor was turned off and the subjects were
submitted again to EEG during 2 minutes (at rest). After
EEG recording, a plaster cast was applied on the subjects’
right hand and kept on for 48 hours. The plaster cast was
applied with hand and fingers in flexion in order to prevent
any hand or finger movement. After this period, subjects
returned to the laboratory to remove the plaster cast. Five
minutes after cast removal, they were submitted to the
same task procedures that had been performed before
immobilization.
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Data acquisition - Electroencephalography

The International 10/20 system for electrodes
was used with 20-channel Braintech-3000 EEG system
(EMSA-Medical Instruments, Brazil). The 20 electrodes
were arranged in a nylon cap (ElectroCap Inc., Fairfax, VA,
USA), yielding mono-pole derivations to linked earlobes.
Different sizes of the nylon cap were used according to
the subject’s cranial perimeter. In addition to those, two
9-mm-diameter electrodes were attached above and on
the external corner of the right eye, in a bipolar electrode
montage, to monitor artifacts on eye-movements (EOG).
Impedance of EEG and EOG electrodes was kept under
5-10 KQ. Acquired data had total amplitude of less than
100 pV. The EEG signal was amplified with a gain of 22,000
times analogically filtered between 0.3 Hz (high-pass) and
100 Hz (low-pass), and sampled at 240 Hz. A Delphi 5.0
Data Acquisition software was employed to filter the raw
data with a 60 Hz notch filter.

Data processing

A visual inspection and independent component
analysis (ICA) was applied to identify and remove any
remaining artifacts, i.e., eye blinks and ocular movements.?
ICA was applied to the EEG recordings in order to interpret
the source of underlying electrocortical signals in the
contaminated artifact of electrical potentials on the scalp.
Data from individual electrodes exhibiting loss of contact
with the scalp or high impedance levels (>10 kQ) were
discarded, and data from single-trial epochs exhibiting
excessive movement artifacts (= 100 uV) were also deleted.
ICA is an information maximization algorithm that blinds
EEG signals related to the artifacts. It was applied to
identify and remove any artifacts after the initial visual
inspection.?3! Independent components resembling eye-
blink or muscle artifacts were removed and the remaining
components were then projected back onto the electrode
data by multiplying it by the inverse matrix of the spatial
filter coefficients derived from ICA, using established
procedures. The ICA-filtered data were then reinspected for
residual artifacts using the same rejection criteria described
above. Then, a classic estimator was applied for the power
spectral density, or directly from the square modulus of the
Fourier Transform performed by MATLAB (Matworks, Inc.).
Quantitative EEG parameters were reduced to 4s periods
(the selected epoch started 2s before and ended 2s after
visual stimulus).

Selected derivations and frequency band

In this study, we chose the derivations Fp1, Fp2,
F3, F4, F7, F8 and Fz located in frontal region. In the
sensorimotor region, the derivations C3, Cz and C4 were
selected. In the parietal region, we chose the derivations
P3, Pz and P4, and in the occipital regions, the 01, Oz and
02 derivations were also used.3?34
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Statistical analysis

The statistical design allowed the investigation
about the cortical functioning before and after 48 hours
of HI. Data were normalized into values of absolute power
using a natural logarithmic (LogN) in order to approximate
values to a normal distribution®*¢ and normality and
homoscedasticity data were verified by the Levene and
Shapiro-Wilk tests (p > 0.05). Thus, a two-way repeated
measures ANOVA was employed for beta band with
factor moment (before vs after visual stimuli) and factor
conditions (before vs after 48-hour HI). The significance
levels were set at p < 0.05. The analyses were conducted
using the SPSS for Windows version 18.0 (SPSS Inc., Chicago,
11, USA).

B RESULTS

Our findings show that an increase in beta band
absolute power after immobilization was found in the
contralateral motor cortex, indicating less participation
of this area in movement planning. The results of the
two-way repeated measures ANOVA indicated a main
effect for condition (i.e., before immobilization vs after
immobilization) at Fp2 derivation (F(1.3823) = 4.147; p
= 0.042). An increase in beta band absolute power was
seen at Fp2 derivation between before (mean 1.499 *
0.024) and after HI (mean 1.570 * 0.025), suggesting that
immobilization influenced beta oscillations (Figure 1). In
the central area, the two-way repeated measures ANOVA
found a main effect for condition at C3 (F(1.3563) = 5.005;
p = 0.025) and C4 (F(1.3657) = 11.858; p = 0.001). At C3
derivation, there was an increase in beta band absolute
power between before (mean 0.570 = 0.010) and after HI
(mean 0.601 + 0.010). On the other hand, at C4 derivation
there was a decrease in beta band absolute power between
before (mean 0.558 * 0.09) and after HI (mean 0.513 *
0.09). These results showed that C3 and C4 derivations
were differently affected by HI (Figure 2).

At P4 derivation the analysis implemented by two-
way repeated measures ANOVA demonstrated a significant
difference in beta band absolute power (F(1.3290) =5.114;
p =0.024) (Figure 3). An increase occurred between before
(mean 0.793 * 0.015) and after HI (mean 0.842 + 0.015).
There were no significant effects on any of other analyzed
derivations, presumably because neural activity at those
locations is not involved in the requirements of the task.

B DISCUSSION

The study was carried out in order to analyze
changes in beta band absolute power in frontal, central,
parietal and occipital areas before and after a condition of
hand immobilization for 48 hours. Notably, the objective
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Figure 1-Mean and SE indicate main effect for condition (before immobilization versus
after immobilization) observed in right fronto polar cortex (Fp2) (p = 0.042).

involved the analysis of changes in beta band absolute
power that occur in cerebral cortex 2 sec before and 2
sec after the onset of visual stimuli linked to a motor task
in two conditions: before and after immobilization of the
right hand in right-handed subjects. Our hypothesis was
that hand immobilization could lead to changes in beta
absolute power in sensory and motor areas. We observed
that Fp2, C3, C4 and P4 derivations were sensitive to
changes in beta band absolute power after a condition
of hand immobilization. There were no changes between
conditions in the other derivations.

The frontopolar cortex is reported in the studies
because it was activated in tasks that involve planning
or problem solving.?” Moreover, this cortical region may
reflect a specific human feature and is thought to be
related to alternative courses of action.®® We observed
that Fp2 derivation was sensitive to changes in beta band
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absolute power after a condition of hand immobilization.
We employed this derivation, located in the ipsilateral
frontopolar cortex, because the task was performed by
the right hand. Decrease in the beta band is frequently
associated to movement planning and execution.?’ Thus,
we understand that this increase in beta band absolute
power at the Fp2 derivation, should be understood as a
smaller participation of this area in the condition after
HI. Immobilization seems to limit the functioning of this
cortical area during movement planning. This should
be correlated to neuroplasticity, a feature that central
nervous system exhibits while reorganizing and changing
its functions to adapt to external and internal influences.*
In this case, a maladaptive plasticity®* occurred, which may
indicate that even a short period of immobilization (48h) is
enough to hinder the performance of motor tasks, although
easy to perform.

It is worth noting that the frontopolar cortex has
a considerable role in executive function and its neural
substrates. Byunk et al.*’ examined changes in psychological
mood states after a single bout of cycloergometer at mild
intensity using non-invasive functional near-infrared
spectroscopy while performing a color-word matching
Stroop task. They found acute effects on executive function.
The single bout of aerobic exercise led to improved Stroop
performance, possibly correlated with increased arousal
levels. In the same way, cortical activations regarding
Stroop interference on the left dorsolateral prefrontal
cortex and frontopolar area were evoked. Such activations
corresponded to improved cognitive performance and
increased arousal levels.*® Moreover, executive motor
deficits were associated with a decrease in cortical
thickness in different frontal areas.*

A) Left Central Cortex (C3) B) Right Central Cortex (C4)
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Figure 2 - A) Main effect for condition (before immobilization versus after immobilization) observed in the left central cortex (C3) by mean and SE (p=0.025); B) In the right central

cortex (C4) mean and SE point main effect for condition (p < 0.001).
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Figure 3 - Main effect for condition (before versus after immobilization) in the right
parietal cortex (P4) derivation by mean and SE (p = 0.024).

By contrast, our results showed increased absolute
beta power in Fp2 derivation, indicating a lower activation
of the cortex frontopolar suggesting that damage to
executive functioning and activity of this region may occur
after a short of HI period.

Studies suggest that there is an inter-hemispheric
“rivalry” observed in conditions of imbalance caused by
injury or deprivation of brain functions.?*%** A hemisphere
starts to inhibit the other via the corpus callosum and for
this reason unilateral hand movements are associated
with ipsilateral cerebral deactivation, including decreased
blood flow.**

We are assuming that because the task involved
only the right hand, the right frontopolar cortex (Fp2)
showed less activation. Such activity seems to occur due
to the presence of increased beta band absolute power
after HI, because beta band is normally decreased while
planning or executing a motor task.® At Fp1 derivation beta
band absolute power did not show any changes between
conditions (before vs. after immobilization). In other
words, the cortical area corresponding to Fp2 derivation
showed less activation, while the area corresponding to Fp1
maintained its activation both before and after 48 hours of
immobilization.

Using intracortical microstimulation combined with
behavioral testing, a study unraveled the effects of limb
immobilization on movement representations in the rat
primary motor cortex (M1). Changes in M1 were bilateral
and specific for the forelimb area, but they were stronger
in the contralateral-to-cast hemisphere. Furthermore, the
threshold current required to evoke forelimb movement
increased progressively over the period in cast, whereas
the forelimb area size decreased and the non-excitable area
size increased.*> Corroborating this information, we found
an increase in beta band absolute power at C3 derivation,
correspondent to the cortical area responsible to the motor
control of the right hand.***” An increase in beta band
absolute power at this derivation after immobilization
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may denote less activation of this area after a condition
of movement deprivation (immobilization). In contrast,
C4 exhibited smaller absolute power values in beta after
immobilization and, by analogy, this region was more active
in order to allow the execution of the task.

Immobilization is used as a therapeutic resource
to enhance functional recovery in patients with motor
deficits due to damage to the motor cortex. This concept
is the basis of constraint-induced therapy, which means
immobilization of the healthy arm and the forced use of
the affected limb.*®>! OQur results showing a decrease in
beta band absolute power after HI at the C4 derivation may
corroborate this concept. HI, even for as little as 48 hours
could promote cortical changes at C4 derivation, increasing
its excitability to compensate for cortical changes occurred
in the contralateral hemisphere due to immobilization of
the right hand. Thus, the decrease in beta band absolute
power at C4 derivation after HI may indicate a cortical
compensatory strategy translated as reduced activation of
this area during movement planning.>?

Studies involving neuroimaging consider the areas
related to the parietal lobes as sites of multisensory
integration®3*® and some authors highlight that the
posterior parietal cortex subserves higher-level cognitive
functions associated to action, i.e., intentions or early
movement plans.*® Structural and functional reorganization
of the sensorimotor cortex may result in changes in the
motor function. Previous investigations revealed that
sensorimotor restriction caused by chronic weightless
bearing and reduction in limb movement may decrease
sensorimotor function. Using a hindlimb unloading
model, involving microscopy Trinel et al.5’” showed that
morphological changes due to sensorimotor restriction
cause functional reorganization of the motor cortex, leading
to impaired motor function. The study demonstrated
dendritic spine remodeling in a period of 14 days. Our
findings of increased beta band absolute power at P4
may confirm changes in the sensorimotor cortex due to
sensorimotor restriction.

The study by Sainburg*? showed that, when subjects
executed a task, new information was created and the
contralateral cortex activity increased while the ipsilateral
activity decreased. As seen in the other derivations in
this study, the immobilization produced cortical changes
at P4 that correspond to the right somatosensory cortex
(ipsilateral) with alower activation of this area after HI. This
represents an adjustment for the sensorimotor integration
and may reflect a mechanism of functional inhibition,
perhaps to supply its cortical function.” Due to transcallosal
inhibition the intensity of the influences of neurons in the
left hemisphere on cells in the right hemisphere may be
changed significantly after the immobilization.>

The presentation of visual stimuli in our task may be
accepted as the moment of movement planning. Moreover,
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the analysis of EEG was performed 2 sec before and 2 sec
after the execution of motion. Then, the increase in beta
band absolute power found in ipsilateral cortical areas
associated to movement planning may be interpreted
as less participation of these areas, indicating that the
immobilization generated cortical changes so that the
ipsilateral hemisphere readjusted its functions after
HIL.33 Furthermore, the ipsilateral motor cortex showed a
decrease in beta band absolute power after immobilization
that could be interpreted as a compensatory strategy to
supply cortical changes in contralateral motor cortex due
to HI.

Several studies showed that immobilization, even
for short periods, result in changes in skeletal muscle
properties.*>5%61 Changes in cerebral plasticity precede
notable effects of immobilization, such as muscle strength
loss and atrophy.®#%5 Through our findings, we see an effect
of a short, 48-hour immobilization on cortical activation and
its comprehension is useful to understand impact damage
and treatment possibilities.

Further studies are necessary to understand cortical
changes due to HI and movement planning, especially
considering how much time of immobilization is necessary
to promote such changes. The impossibility to exactly
identify when (how many hours after immobilization)
cortical changes appear may be understood as a limitation
of the study and could be further explored in future studies
as well as the involvement of more complex tasks and the
use of control groups.

B CONCLUSION

Corroborating our hypothesis, an increase in beta
band absolute power after immobilization was found in
the contralateral motor cortex, indicating less participation
of this area in movement planning. This may be relevant
to therapeutic strategies that seek to activate regions
responsible for the execution of a movement, such as
transcranial magnetic stimulation and constraint-induced
movement therapy.
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ENVOLVIMENTO DA POTENCIA ABSOLUTA DA
BANDA BETA APOS IMOBILIZACAO DA MAO:
ESTUDO ELETROENCEFALOGRAFICO

OBJETIVO: O objetivo deste estudo foi analisar
mudancas na potencia absoluta da banda beta em areas
corticais, antes e depois de uma condicdo de imobilizacao
da mao por 48 horas.

METODO: Quinze voluntarios saudaveis, com idades
entre 20 e 30 anos, foram submetidos a avaliacdo EEG antes
e depois daimobilizacdo, durante a execu¢ao de uma tarefa
motora desencadeada por um estimulo visual.

RESULTADOS: A andlise estatistica revelou que a
imobilizacdo da mao causou mudangas em areas corticais.
Um aumento significativo na potencia absoluta da banda beta
foi encontrado ap6s imobilizacdo da mao nos eletrodos Fp2
(F(1,3823) =4,147; p=0,042), C3 (F (1,3563) =5,005; p =
0,025) e P4 (F (1,3290) = 5,114; p = 0,024). No C4 eletrodo
(F(1,3657)=11,858; p=0,001) uma diminui¢ao da potencia
absoluta da banda beta ocorreu apés imobilizagdo da mao.

CONCLUSAO: A imobilizagio da mao predominante,
mesmo para 48 horas, é suficiente para causar alteracdes
corticais que afetam o planejamento movimento. Tais
mudancas podem representar uma estratégia cortical para
fornecer alteragdes corticais em hemisfério contralateral
devido a imobilizacdo. Mais estudos sdo necessarios para
entender as mudancas corticais devido a imobilizacdo
da mido e planejamento do movimento, especialmente
considerando quanto tempo de imobilizacdo é necessario
para promover essas mudangas.

PALAVRAS-CHAVE: Banda Beta, imobilizacao,
plasticidade neural, eletroencefalografia
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