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Gamma band oscillations in
parietooccipital areas during
performance of a sensorimotor

integration task
A gEEG coherence study

Silmar Teixeira', Bruna Velasques'”, Sergio Machado'”,
Fldvia Paes®'®, Marlo Cunha'’#, Henning Budde®, Renato Anghinah?,
Luis F.H. Basile**, Mauricio Cagy’, Roberto Piedade', Pedro Ribeiro'*’

ABSTRACT

This study aimed to elucidate cortical mechanisms involved in anticipatory actions when
23 healthy right-handed subjects had to catch a free falling object through quantitative
electroencephalogram (qEEG). For this reason, we used coherence that represents
a measurement of linear covariation between two signals in the frequency domain. In
addition, we investigated gamma-band (30-100 Hz) activity that is related to cognitive and
somatosensory processes. We hypothesized that gamma coherence will be increase in
both parietal and occipital areas during moment after ball drop, due to their involvement
in manipulation of objects, visuospatial processing, visual perception, stimuli identification
and attention processes. We confirmed our hypothesis, an increase in gamma coherence
on P3-P4 (t= -2.15; p=0.033) and PZ-OZ (t= -2.16; p=0.034) electrode pairs was verified
for a paired t-test. We conclude that to execute tasks involving anticipatory movements
(feedforward mechanisms), like our own task, probably, there is no need of a strong
participation of visual areas in the process of information organization to manipulate
objects and to process visuospatial information regarding the contact hand-object.

Key words: catching, coherence, gamma, gEEG, sensorimotor integration.

Oscilagdes na banda gama em areas parieto-occipitais durante desempenho de uma
tarefa sensério-motora: um estudo de coeréncia na EEGq

RESUMO

Este estudo teve como objetivo elucidar os mecanismos corticais envolvidos em acgdes
antecipatérias quando 23 individuos saudaveis destros tinham que apreender um objeto
em queda livre, através da eletroencefalografia quantitativa (EEGQ). Por esta razéo,
usamos a coeréncia que representa a covariagao linear entre dois sinais no dominio
da frequéncia. Além disso, investigamos a atividade da banda gama (30-100 Hz), que
esta relacionada a processos cognitivos e somato-sensoriais. Nossa hipotese é que a
coeréncia de gama estara aumentada em ambas as areas parietais e occipitais durante o
momento pos-queda da bola, devido ao seu envolvimento na manipulagdo de objetos,
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processamento visuo-espacial, percepcao visual, identificacdo de estimulos e processos
de aten¢do. Confirmamos nossa hipétese. Um aumento de coeréncia em gama nos pares
de eletrodos P3-P4 (t=-2,15; p=0,033) e PZ-OZ (t= -2,16; p=0,034) foi verificado por teste-t
pareado. Conclui-se que, para executar tarefas que envolvem movimentos de antecipagéo
(mecanismos de retro-alimentacdo) como a nossa propria tarefa, provavelmente, ndo
ha necessidade de forte participacdo de areas visuais no processo de organizacio da
informagdo como para manipular objetos e processar a informacéo visuo-espacial no

contato mao-objeto.

Palavras-chave: apreenséo, coeréncia, EEGq, gama, integracao sensério-motora.

Over the last few years, neuroscientists have been
extensively used qEEG as a valuable tool in the develop-
ment of new avenues to tackle crucial issues in human
motor control, especially in eye-guided hand move-
ments'? In face of this, eye-hand coordination is the
control of eye movement with hand movement, and the
processing of visual input to guide reaching and grasping
along with the use of proprioception of the hands to
guide the eyes’. Studies have shown that eyes generally
direct the movement of the hands to targets*. Further-
more, the eyes provide initial information related to the
object, such as size, shape and possibly grasping sites
which are used to determine the force needed to be ex-
erted by the fingertips for engaging in a given task, e.g.,
catching an object. For shorter tasks, the eyes often shift
onto another task in order to provide additional input
for planning further movements. On the other hand,
for more precise movements or longer duration move-
ments, continued visual input is used to adjust for errors
in movement and to create more precise movements®.

In agreement with the relevance of this issue, the in-
vestigation of neural control of eye-hand coordination
is complex because it involves several parts of the cen-
tral nervous system (CNS) involved in vision, eye move-
ments, touch, and hand control*’, e.g., parietal and oc-
cipital regions. Both of these areas are believed to play a
key role in eye-hand coordination during tasks. A more
specific area, the parieto-occipital junction, is believed
to be involved in the transformation of peripheral visual
input for reaching with the hands, as observed in fMRI
studies®. Parieto-occipital junction particularly has been
shown to have subdivisions for reaching and grasping ac-
tions. Moreover, the parietal region is believed to play an
important role in relating proprioception and the trans-
formation of motor sensory input to plan and control
movement with regards to visual input’. It is a region re-
sponsible for providing relevant information about how
occurs the integration of sensorimotor information, for
instance, to catch an object (i.e., a ball) in free fall. It is
known that parietal cortex had been demonstrating an
important role during performance of tasks involving in-
tegration of visual and proprioceptive inputs from dif-

ferent modalities'®, manipulation of objects, and visuo-
spatial processing®'". Finally, visual cortex is responsible
for visual perception, stimuli identification and attention
processes, mainly in dynamic environment involving ob-
jects detection which demands a high readiness state'.

This paradigm allows analyzing the relation among
cortical regions during certain processes, such as spatial
attention and readiness when subjects have to perform
a motor act'?, specifically, when shifts in coordination
of visuospatial and somatosensory inputs for task exe-
cution (i.e., moment after ball drop) are requested®'®'",
Catching an object is a complex movement which in-
volves not only programming but also effective motor
coordination. Such behavior is related to the activation
and recruitment of cortical regions which participates
in the sensorimotor integration process that gathers in-
formation coming from the environment and the per-
formed motor task in order to prepare motor acts and
to enhance the execution of goal-directed tasks'*', e.g.,
catching an object. Thus, the cortical areas are recruited
to promote a self-organization (i.e., the functional reor-
ganization of circuits) of neural networks for the consti-
tution of a functional group (binding problems)"” to im-
prove the coordination and the motor control due to the
instability induced by the task'*°.

Based on this assumption, our experiment investi-
gated the coherence of the quantitative electroenceph-
alogram (qEEQG) in parietal and occipital regions in a
catching task when participants have to catch a ball in
free fall. Coherence represents a measurement of linear
covariation between two signals in the frequency do-
main. In addition, we investigated gamma band (30-100
Hz) that has been related to cognitive process, memory,
and spatial/temporal and proprioceptive integration fac-
tors, e.g. attention selection and stimulus encoding'®*.
From a physiological perspective, there are strong ar-
guments for synchronization in the gamma-band being
important for neuronal communication. If a neuron re-
ceives input from several other neurons, this drive is en-
hanced if the spiking inputs are coincident because the
synchronization enables the postsynaptic potentials with
short duration, e.g., ~10 ms, which defines the timeframe
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of temporal integration, resulting in a ‘tighter” synchro-
nization of gamma-frequency oscillations'**.

Several laboratories have reported an increase in am-
plitude of gamma-spectrum during sensory and cogni-
tive processes'” . Particularly, our study observed the
coupling among cortical areas in gamma coherence.
Contrary to other experiments®"*, our group explored
the relevant role of gamma expressing cortical coupling
among different regions. Therefore, this study aimed
at trying to elucidate electrocortical mechanisms in-
volved in anticipatory actions when individuals had to
catch a free falling object (i.e., ball) through qEEG. Our
hypothesis is that an increase in gamma coherence for
both areas will be observed during the moment after ball
drop, due to their involvement in manipulation of ob-
jects, and visuospatial processing (e.g., spatiotemporal
coordination related to the contact hand-object)'*!! and
visual perception, stimuli identification and attention
processes, mainly in dynamic environment involving ob-
jects detection which demands a high readiness state'.

METHOD

Sample

Sample was composed of 23 healthy subjects (13 male
and 10 female), right handed®, with ages varying between
25 and 40 years old (mean: 32.5, SD: 7.5). Inclusion criteria
were absence of mental or physical impairments, no his-
tory of psychoactive substances and no neuromuscular
disorders (screened by a previous anamnesis and clinical
examination). All subjects signed a consent form and were
aware of the whole experimental protocol. The experiment
was approved by the Ethics Committee of Federal Uni-
versity of Rio de Janeiro (IPUB/UFR]). This experimental
paradigm has been already used in other experiment'*'.

Task procedures

The task was performed in a sound and light-atten-
uated room, to minimize sensory interference. Individ-
uals sat on a comfortable chair to minimize muscular
artifacts, while electroencephalography and electromy-
ography (EMG) data were collected. An electromagnetic
system, composed of two solenoids, was placed right in
front of the subject and released 8-cm balls, one at each
11s, at 40 cm above the floor, straight onto the subject’s
hand. The right hand was placed in a way that the four
medial metacarpi were in the fall line. After its catch, the
ball was immediately discharged. Each released ball com-
posed a trial and blocks were made of 15 trials. All ex-
periment had six blocks that lasted 2 min and 30s with 1
min intervals between them.

Data acquisition
Electroencephalography — The International 10/20
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System for electrodes® was used with the 20-channel
EEG system Braintech-3000 (EMSA-Medical Instru-
ments, Brazil). The 20 electrodes were arranged in a nylon
cap (ElectroCap Inc., Fairfax, VA, USA) yielding mono-
pole derivations referred to linked earlobes. In addition,
two 9-mm diameter electrodes were attached above and
on the external corner of the right eye, in a bipolar elec-
trode montage, for eye-movement (EOG) artifacts moni-
toring. Impedance of EEG and EOG electrodes were kept
under 5-10 KQ. The data acquired had total amplitude
of less than 100 V. The EEG signal was amplified with
a gain of 22,000, analogically filtered between 0.01 Hz
(high-pass) and 100 Hz (lowpass), and sampled at 240
Hz. The software Data Acquisition (Delphi 5.0), devel-
oped at the Brain Mapping and Sensorimotor Integration
Laboratory was employed to filter the raw data: notch
(60 Hz), high-pass of 0.3 Hz and low-pass of 100 Hz.

Electromyography — Electromyographic (EMG) ac-
tivity of the flexor carpi radialis (FCR), flexor carpi ulnaris
(FCU), extensor carpi radialis (ECR) and extensor carpi
ulnaris (ECU) was recorded by an EMG device (Lynx-
EMG1000), to monitor and assess any voluntary move-
ment during the task. Bipolar electrodes (2 mm recording
diameter) were attached to the skin. The reference elec-
trode was fixed on the skin overlying the lateral epicondyle
near the wrist joint. The skin was cleaned with alcohol
prior to electrode attachment. The EMG was amplified
(x1000), filtered (10-3000Hz), digitized (10000 samples/s),
and recorded synchronously to the EEG onto the com-
puter’s hard drive. In each trial, the EMG signal was rec-
tified and averaged over 500 ms from the trigger point.

Data processing

To quantify reference-free data, a visual inspection
and independent component analysis (ICA) were applied
to identify and remove any remaining artifacts, i.e., eye
blinks and ocular movements produced by the task. Data
from individual electrodes exhibiting loss of contact with
the scalp or high impedances (>10 kQ) were deleted and
data from single-trial epochs exhibiting excessive move-
ment artifact (+ 100 V) were also deleted. Independent
component analysis (ICA) was then applied to identify
and remove any remaining artifacts after the initial vi-
sual inspection. ICA is an information maximization al-
gorithm that derives spatial filters by blind source separa-
tion of the EEG signals into temporally independent and
spatially fixed components. Independent components re-
sembling eye-blink or muscle artifact were removed and
the remaining components were then back-projected
onto the scalp electrodes by multiplying the input data
by the inverse matrix of the spatial filter coefficients de-
rived from ICA using established procedures. The ICA-
filtered data were then reinspected for residual artifacts
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using the same rejection criteria described above. Then,
a classic estimator was applied for the power spectral
density (PSD), or directly from the square modulus of
the FT (Fourier Transform), which was performed by
MATLAB (Matworks, Inc.). Quantitative EEG param-
eters were reduced to 4-s periods (the selected epoch
started 2 s before and ended 2 s after the trigger, i.e.,
moment preceding balls drop and moment after balls
drop). The electrophysiological measure analyzed was
coherence. It represents a measurement of linear covari-
ation between two signals in the frequency domain. It is
mathematically bounded between zero and one, whereby
one signifies a perfect linear association and zero denotes
that the signals are not linearly related at that particular
frequency. The premise is that when activities from spa-
tially remote events covary they tend to interact, also de-
noted as functional connectivity. Standard coherence as
a measure of functional coupling provides a link between
two signals but no directional information. To this end,
estimators can be constructed, such as a directed transfer
function, which examines asymmetries in inter-regional
information flow and establishes a direction of drive be-
tween the coupled sites®?,

Statistical analysis

The statistical design allowed for examination of
functional connectivity and directionality of the commu-
nication between the sensorimotor areas in each hemi-
sphere, with respective regions related to sensory, motor
execution, and integrative or associative functions. All
results are given as mean values and standard deviation.
A paired t-test was used to analyze the within subject’s
factor moment (i.e., preceding and after ball drop) for
each pair of electrodes: P3-P4, P3-PZ, P4-PZ, O1-02,
01-07Z, 02-0Z, P3-01, P4-02, OZ-PZ. Moreover, we
used the Bonferroni correction to address the problem
of multiple comparisons. The outcome of statistical cal-
culations were declared significant if p<0.05. For statis-
tical analysis SPSS package was used.

RESULTS

The first statistical analysis with regard to frontal re-
gion demonstrated a significant difference in P3/P4 elec-
trodes pair (t= —2.15; p=0.033). It was found a significant
increase in the gamma coherence when compared the
moments preceding (mean=0.52; SD=0.079) and after
(mean=0.54; SD=0.087) ball drop as observed in Fig 1.
The second analysis verified a significant difference in
PZ/OZ electrodes pair (t= —2.16; p=0.034). It was ob-
served an increase in the gamma coherence when com-
pared the moment preceding (mean=0.58; SD=0.074)
and after (mean=0.59; SD = 0.078) ball drop as observed
in Fig 2.
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Fig 1. Mean and standard deviation for coherence on gamma
band. Significant different between moments observed by t-test
(p<0.033).
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Fig 2. Mean and standard deviation for coherence on gamma
band. Significant different between moments observed by t-test
(p<0.034).

DISCUSSION

The current experiment is an attempt to elucidate
electrocortical mechanisms regarding anticipatory ac-
tions involved in voluntary movements. In particular,
subjects had to catch a free falling object (i.e., ball). Our
hypothesis is that an increase in gamma coherence for
both areas will be observed during moment after ball
drop, due to their involvement in manipulation of ob-
jects, and visuospatial processing (e.g., spatiotemporal
coordination related to the contact hand-object)'*'" and
visual perception, stimuli identification and attention
processes, mainly in dynamic environment involving
objects detection which demands a high state of alert'.
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Gamma-band represents a large scale approach to
study sensorimotor integration mechanisms in associa-
tion with binding'®*. The application of coherence pro-
vides a valuable analytical tool to investigate functional
connectivity between areas or regions and changes that
occur due to several factors such as task complexity,
context and learning®?. Thus, the increase in gamma-
band coherence may be seen through an organization
of somatotopic information when neural networks are
involved parallely in motor execution improvement™.
This occurs, mainly, due to the projections of the corpus
callosum in transmission of sensorimotor information”.
Concerning our discussion, it is divided into two parts,
where we will discuss the significant results for P3-P4
and PZ-OZ pairs of electrodes and their relationship
with the gamma band.

Our first result demonstrated a significant difference
in gamma coherence between moment preceding and
after ball drop for P3-P4 electrodes pair, i.e., an increase
in coherence in the moment after ball drop. It seems only
in this moment, the CNS was capable to integrate rele-
vant information about the task, the so-called binding
phenomena, like a consequence of task demands, i.e., the
manipulation of objects, and the visuospatial processing
(i.e., spatiotemporal coordination related to the contact
hand-object)'*"". It is likely that binding occurs in many
different kinds of brain processes and may represent a
diverse set of functions. In our task, in the moment pre-
ceding ball drop, subjects received an amount of sen-
sory stimuli which seemed not to be sufficient to prepare
them for catching the ball. In line with this, Pfurtscheller
et al.”® argued that the sensorimotor system works in
idling state for lack of somatosensory information pro-
cessing or motor response generated, like for lack of vi-
sual information processing. Such fact can justify the
lower values of coherence during moment preceding
ball drop when compared with moment after ball drop.

On the other hand, in the moment after ball drop,
our findings suggest that the increase in cortical com-
munication across left and right parietal areas happened
due to the visual and somatosensory inputs related to
the motor execution. It is knowledge that the control of
movement is distributed over neural populations which
encode movement-related information, that is, the neural
network has to transform the sensory information into
an appropriate command for motor system operation®.
With regard to this, somatosensory and visual inputs
clearly make an important contribution to location and
manipulation of objects, oculomanual coordination and
attentional processes'”'*. We argue that the subjects to
maintain an “on-line” control of the task, should inte-
grate somatosensory inputs such as, adjustment of the
posture and position of the hand to perform the task®"*,
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In our task, subjects had to attend to an object (i.e., the
ball) while prepared for catching it, requiring a visual
guidance for hand movements which need a set of so-
matosensory inputs to control the movements, more
specifically, the manipulation of the ball that involves
the synchronous coordination of finger movements'* .
Besides, it is necessary adjusting the hand to the shape
and to the fall line of the ball (i.e., posture and position
of the hand related to the ball). In our task, attention
and visuospatial processing regarding the manipulation
of the ball'®!! vertically dropping occurs in a short space
of 40 cm above the floor, what would justify the activa-
tion of parietal areas, despite these movements are faster
to allow to subjects to use visual inputs in real-time. In
this context, our findings support that parietal areas can
direct movements based on sensory information, which
is relevant for goal-directed tasks**, e.g., reaching and
grasping a cup.

In relation to our second result, it was found a signif-
icant difference in gamma coherence between moment
preceding and after ball drop for PZ-OZ electrodes pair,
i.e., an increase in coherence in the moment after ball
drop. As expected, our hypothesis was confirmed. It
might be explained due to the sufficient amount of sen-
sory stimuli provided by task in this moment in contrast
to moment preceding ball drop according to the same
discussion regarding P3-P4 results®. Regarding the mo-
ment after ball drop, we thought that a strong integra-
tion of only somatosensory inputs happened to adjust
and to aid the task execution, however, probably without
a markedly participation of the visual inputs (i.e., feed-
forward mechanism of the motor control system). Our
task involves faster movements to allow to subjects to
use visual inputs in real-time®, suggesting that the avail-
able visual information during the fast period of the ball
dropping was not sufficient enough to influence on in-
crease in gamma coherence, which would explain we do
not find any significant result on O1-O2 electrodes pair.
In addition, it has been observed in priming experiments
that repeated presentation of the same visual stimulus
results in an accommodation of the induced gamma ac-
tivity®*. Thus, our task would require a greatest somato-
sensory demand related to the motor execution by itself
(i.e., catching the ball), justifying the activation of the pa-
rietooccipital junction.

Within this context, it has been reported that the pa-
rietooccipital junction plays a critical role in real-time
control of action by transforming the information about
the location of objects into the coordinate frames of the
effectors performing the action®. Evidence suggest that
this region is mainly involved in controlling “on-line” ac-
tions, in movements of object manipulation and in space
perception®*. Thus, parietooccipital is seen as an orga-



Arq Neuropsiquiatr 2011;69(2-B)

nizer of visual and somatosensory inputs, elaborating
them on form, space, and proprioceptive mechanisms
suitable for the control of movements®?. Therefore, this
process of information organization and their transfor-
mation in suitable actions might explain the greater acti-
vation of the PZ-OZ electrodes pair, in the moment after
ball drop. Thus, in this moment, we argue that happened
before the task execution an integration of somatosensory
inputs about coordination of the finger movements re-
lated to visual target (i.e., spatial attention control and vi-
sual representation regarding the ball dropping)® and also
an anticipatory coordination of grip and load forces to
maintain grasp stability during object manipulation (i.e.,
postural regularization and in position of the arm during
a task) as a basis for the movement organization®. That
information would be available on an implicit memory
elaborated by constant motor execution along the task.
We proposed that gamma plays an important role
in reflecting binding of several brain areas in complex
motor tasks as observed in our results. We observed that
parietal areas and parietooccipital junction played and
relevant role, in contrast to visual areas. We conclude
that to execute tasks involving anticipatory movements
(feedforward mechanisms), like our own task, probably,
there is no need of a strong participation of visual areas
in the process of information organization to manipulate
objects and to process visuospatial information regarding
the contact hand-object. At last, we recommend further
experiments that use different objects and randomization
time and new population, that is, new information nec-
essary to expand the knowledge about gamma and co-
herence behavior and better understanding the processes
involved in cortical functions and in binding problem.
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