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ABSTRACT

The evoked cerebral electric response when sequences of complex motor imagery (MI) task
are executed several times is still unclear. This work aims at investigating the existence of
habituation in the cortical response, more specifically in the alpha band peak of parietal and
occipital areas (10-20 international system electroencephalogram, EEG, protocol). The EEG
signals were acquired during sequences of Ml of volleyball spike movement in kinesthetic
and visual modalities and also at control condition. Thirty right-handed male subjects (18
to 40 years) were assigned to either an ‘athlete’ or a 'non-athlete’ group, both containing
15 volunteers. Paired Wilcoxon tests (with ¢=0.05) indicates that sequential Ml of complex
tasks promotes cortical changes, mainly in the power vicinity of the alpha peak. This finding
is more pronounced along the initial trials and also for the athletes during the modality of
kinesthetic motor imagery.
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Alteracdes no EEG durante sequencias de imagética motora visual e cinestésica

RESUMO

A resposta elétrica cerebral evocada quando sequencias de imagética motora (Ml) de
tarefas complexas sdo executadas seguidamente no tempo permanecem desconhecidas.
Este trabalho objetivou investigar a existéncia de habituacdo da resposta cortical,
mais especificamente na banda do pico de alfa de reas parietais e occipitais (sistema
internacional 10-20, eletroencefalograma, protocolo de EEG). Os sinais de EEG foram
adquiridos durante sequéncias de Ml do movimento de ataque do voleibol nas modalidades
cinestésica e visual, e também em condicdo de controle. Trinta voluntarios adultos (entre 18
e 40 anos), destros, do género masculino foram agrupados como ‘atletas’ ou ‘'ndo-atletas’,
sendo cada grupo composto de 15 voluntérios. Testes pareados de Wilcoxon (com a=0.05)
indicaram que a Ml sequencial de tarefas complexas promoveram alteracdes nas respostas
corticais, mais especificamente na regido ao redor do pico de alfa. Este achado foi mais
pronunciado ao longo dos trechos iniciais e também nos atletas durante a modalidade
cinestésica de imagética motora.

Palavras-chave: imagética motora, banda alfa, voleibol.

Motor imagery (MI) has been consid-
ered a dynamic mental process associated
with motor task simulation without real
execution' constituting a purely cognitive
activity?. It has been shown that MI im-
proves the muscular force® and physical
performance in many different tasks, such
as surgical techniques* and sport move-

ments®. The MI usually is performed in
kinesthetic modality (KMI), characterized
by ‘feeling’ joint movements and muscles
activations generating kinesthetic impres-
sions, and in visual modality (VMI), when
the subject forms himself a mental image,
like still observing the such motor task.

It has been reported that KMI and VMI
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activate different neuron networks®, including the left pa-
rietal” and visual cortex®. This cortical activation can be
assessed by different techniques such as time response
paradigms’, neuroimaging® and electroencephalogram®'*
12 (EEG). Similar to external stimuli event-related poten-
tials (ERP) visual*'* and auditory”, the MI (so called in-
ternal stimuli) also originate ERPs'*'. In frequency do-
main, some studies'®'” have focused the cerebral chang-
es observing the event-related desynchronization (ERD)
and event-related synchronization (ERS). However, other
studies only observe the behavior of power spectrum'®',
Usually, the cerebral activity investigation with MI
paradigms is based on the mean power in EEG frequency
bands'®"’, mainly in alpha band (8-13 Hz). In many works,
the alpha band has been functionally divided in lower
and upper sub-bands. However, these studies do not con-
sider that such alpha activity may differ inter-individual-
ly according to inheritance®, age”, gender and cognitive
state>”, The variation is more pronounced at the fre-
quency where the maximum power contribution occurs,
so called the alpha band peak (ABP). Since the activity in
alpha band is associated with mental effort during men-
tal tasks, and also with the habituation of cerebral waves
when stimuli are sequentially presented*, we hypothesize
that an accommodation in cortical response may occur.
Such accommodation would be reflected as changes in
the frequency domain, more specifically in ABP of pari-
etal and occipital areas, if a sequence of complex MI task
is executed several times. Hence, this work aims at inves-
tigating the existence of habituation in alpha band power,
focusing the frequencies around the alpha peak, during
sequences of MI of the spike volleyball movement.

METHOD

The casuistry was composed of 15 elite athletes of in-
door volleyball (GA) and 18 subjects without experience
in this sport (GNA). All subjects of both groups were right
handed. The volunteers answered a personal information
questionnaire about athletic history and indicated no neu-
rological disturbs nor the use of drugs that could affect
the cognitive performance. All tests were carried out in
the Laboratory of Cerebral Mapping and Motor Senso-
ry Integration (Psychiatry Institute) and the Laboratory
of Image and Signal Processing (Biomedical Engineering
Program) both from Federal University of Rio de Janeiro.
This study was submitted and approved by ethical com-
mittee, and all volunteers signed an informed consent.

The Revised Movement Imagery Questionnaire®
(MIQ-R), concerning four movements and their respec-
tive motor imagery tasks in kinesthetic and visual modal-
ities, was translated to Portuguese and then applied to en-
sure that all subjects could see or feel mental images with
a minimum of clearness. As exclusion criterion, the sum
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of scores in each subscale below 15 yielded the exclusion
of 3 subjects from GNA.

Before the EEG acquisition, a 5-min video showing an
expert athlete during execution of several trials of spike
volleyball movement task in different points of view was
displayed on a monitor for all subjects in order to demon-
strate the correct execution of attack movement. Volun-
teers seated comfortably with closed eyes in a silent room,
and Ag/AgCl electrodes were placed according the inter-
national 10-20 system® with ear lobes reference.

EEG signals were acquired with BNT-36 electroen-
cephalograph (EMSA — Rio de Janeiro), previously fil-
tered (anti-aliasing of 100 Hz and high-pass of 0.1 Hz)
and sampled at 240 Hz (using digital 60 Hz notch filter),
in three different conditions: control condition (CON),
kinesthetic motor imagery and visual motor imagery.
CON was composed of unitary mental countdown start-
ed at number 1000 during 90 s and was registered pre-
ceding MI conditions and in the final of experiment. This
counting task aimed at maintaining a standard mental
engagement for all volunteers, which would be difficult
to achieve if the subjects were requested “not to think in
anything” KMI and VMI conditions had 30 target MI tri-
als of volleyball attack randomly intermixed with 20 tri-
als of handclapping in kinesthetic and visual motor im-
agery respectively. The start of each trial was triggered
by a beep in one of two tonalities to indicate the task to
be imagined (volleyball attack or handclap), preceded by
a preparation beep presented 2 s before. This procedure
was applied to avoid the subjects to anticipate the MI ex-
ecutions before the trigger sounds. After the end of KMI
and VMI all subjects reported the imagery vividness of
each condition block using the respective MIQ-R sub-
scales.

In our study, the EEG signals from occipital (O1 and
02) and parietal regions (P3 and P4) were investigated.
For each imagery trial, a 5 s epoch duration synchronized
by the starting of the beep trigger in KMI (or VMI) condi-
tion was selected. For both experimental conditions, KMI
and VM, an algorithm® based in first and second statis-
tic moments was adapted and implemented to allow re-
moving artifacts. By applying this procedure, 24 artifact-
free epochs were selected for each of these conditions. In
order to assess changes in alpha band peak (ABP) along
the experiment, the 24 epochs set was sub-divided into
three distinct sequences (S1, S2 and S3). The first eight
consecutive epochs were included in S1, the next eight in
S2 and the remaining in S3.

After subdividing each epoch into five segments of 1
s duration, the power spectral density (PSD) was then es-
timated using the Bartlett periodogram technique® with
rectangular window, performed in Matlab version 6.5
(The Mathworks Inc.), denoted by:
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~ _LM_l ~m
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where Py (f) is the PSD of the epoch, M=5 the num-
ber of segments (no overlap) and P ( f) s the estimat-
ed spectrum of m-th segment, with spectral resolution of
1 Hz. The objective of using the rectangular window was
minimizing near-frequency leakage of the spectrum ob-
tained from original signal. Finally, the PSD of each se-
quence was calculated as the mean of the eight P, ( f) of
the sequence epochs.

To account for the inter-individual alpha peak vari-
ability (frequency of maximal contribution of band pow-
er), the power was estimated within a narrow band of 2
Hz (ABP) centered in alpha peak using the trapezoidal
method, which corresponds to calculating the area be-
low the three points of discrete spectrum, laterally limited
by frequencies +1 Hz around the alpha peak. The MIQ-R
scores and vividness during experiment were analyzed
with independent-samples (inter-groups) and paired-

Table 1. MIQ-R means score.
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samples (intra-groups) Student t-test (a=0.05). Since the
EEG power can hardly be ascribed a Gaussian distribu-
tion, the Wilcoxon (paired, non-parametric) test (a=0.05)
was used to evaluate the differences in ABP between S1,
S2 and S3. Hence, for any of these tests, one has less than
5% probability of error when inferring to reject the null
hypothesis of equality.

RESULTS

No statistical differences were found in MIQ-R mean
scores between groups or MI modalities as indicated in
t-test scores of Table 1. However, the MI of volleyball at-
tack is much clearer in athletes imagining themselves
than non-athletes according to the p-values indicated in
the Table 2. The intra-group comparison indicated no sig-
nificant differences in clearness between MI modalities
for both groups.

The absolute value of ABP power and its frequency for
each subject during KMI and VMI, both for sequence S1,
are shown in Table 3. From this table it is evident the in-

Table 2. Clearness of Ml of volleyball attack.

Kinesthetic Visual p-conditions KMI VMI p-conditions
Athletes 21.73 2367 0.22 Athletes 6.00 5.60 0.25
Non-Athletes 20.79 21.14 0.84 Non-Athletes 420 447 0.63
p-groups 053 0.10 p-groups <<0.01* 0.04*

MIQ-R: revised movement imagery questionnaire.

MI: motor imagery; KMI: kinesthetic modality; VMI: visual modality.

Table 3. Absolute values of power (in uV2/Hz) at alpha band peak in sequence S1, and the alpha peak frequency (in bold columns) in Hertz,

for all subjects.

Athletes Non-athletes
KMI VMI KMI VMI
# F 01 02 P3 P4 01 02 P3 P4 F 01 02 P3 P4 01 02 P3 P4
1 9 237 161 42 121 323 285 84 392 11 1517 1115 1596 1044 833 121.7 400 231
2 10 857 980 704 672 69.2 60.7 771 614 7.1 9.1 150 205 79 89 298 234
3 10 122 282 59 84 190 428 91 130 221 119 97 85 29.7 183 134 109
4 9 281 369 211 261 326 436 290 345 11 95 70 152 204 115 95 168 21.1
5 9 970 613 188 458 1111 766 248 542 12 2564 2147 1459 1157  363.2 3330 1894 183.7
6 11 261 363 179 322 114 146 103 160 9 92 134 104 278 122 162 215 388
7 11 278 408 347 333 227 384 305 29.1 10 182 411 77 134 234 390 102 139
8 11 194 360 201 203 88 92 110 111 10 1019 1340 766 929 112.7 1239 1334 1478
9 10 1345 1189 556 390 886 754 482 438 11 1517 1115 1596 1044 1888 1495 261.8 194.0
10 11 133 102 120 93 154 153 143 125 11 13 14 12 1.1 1.2 12 14 11
1 1 38 53 07 16 34 53 10 21 10 145 170 154 124 274 263 277 217
1210 164 228 158 150 202 299 195 210 10 253 421 51 147 351 578 64 175
1310 157 286 116 181 222 376 210 344 9 48 82 31 40 92 160 50 71
14 10 85 133 84 118 91 130 94 138 10 34 52 11 24 64 75 35 66
15 9 334 277 97 142 785 737 131 343 10 47 54 57 60 5.1 60 70 73

KMI: kinesthetic modality; VMI: visual modality.
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Table 4. p-values of Wilcoxon tests comparing the ABP mean power between sequences during visual motor
imagery condition for all electrodes. The [*] indicate the comparisons where p<a.

KMI
Athletes Non-athletes
S1 X S2 S1 X S3 S2 X S3 S1 X S2 S1 X S3 S2 X S3
O1 0.0479* 0.2293 0.4573 0.3591 04212 0.3894
02 0.0730 0.0833 0.1070 0.1688 05614 0.1876
P3 0.0215% 0.0256* 0.1688 0.8469 0.9341 0.1354
P4 0.0946 0.0479% 0.1688 0.0054* 0.8040 0.1070

ABP: alpha band peak; KMI: kinesthetic modality.

Table 5. p-values of Wilcoxon tests comparing the ABP mean power between sequences during visual motor
imagery condition for all electrodes. The [*] indicate the comparisons where p<a.

VMI
Athletes Non-athletes
S1 X S2 S1 X S3 S2 X S3 S1 X S2 S1 X S3 S2 X S3
01 0.3591 0.0256* 0.2293 0.0833 0.1876 0.8469
02 0.1070 01514 0.4543 0.1070 0.5245 0.8040
P3 0.4543 0.0637 0.1876 0.5995 0.7197 0.3028
P4 0.0413* 0.0637 0.4543 0.5245 0.2524 0.5245
ABP: alpha band peak; VMI: visual modality.
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Fig 1. Mean alpha power (kinesthetic motor imagery condition) in
arbitrary scale of three sequences (S1, S2 and S3) from athlete #6
in respective left and right occipital [A, B] and parietal [C, D] deri-
vations. The grey area indicates the ABP.

ter-individual variability of such parameters between the
groups of athletes and non-athletes, and also within each
of the groups. For example, it is notable that although ath-
letes #2 and #3 have the same alpha peak frequency (10
Hz), the power contribution at this frequency in deriva-
tion O1 during KMI are very different, 85.7 uV?/Hz for
athlete #2 and only 12.2 pV*/Hz for athlete #3. Similar
comment can be done about derivation O2 during VMI

o™

B Hz 15

Fig 2. Mean alpha power (visual motor imagery condition) in arbi-
trary scale for non-athlete #5 illustrating the three sequences (S1,
S2 and S3) in respective left and right occipital [A,B] and parietal
[C,D] derivations. The gray area indicates the ABP.

for non-athletes (#7 and #8) who have also alpha peak fre-
quency at 10 Hz and power contribution at this frequency
of 23.4 uV?*/Hz for non-athlete #7 and 112.7 pV?/Hz for
non-athlete #8. Wilcoxon test was applied to assess the
null hypothesis (Hg) of equal median power in ABP com-
paring the sequences in couples to both MI modalities.
Statistical differences were observed between S1 and S2
in left occipital and parietal areas (O1 and P3), and only
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in parietal areas (P3 and P4) comparing S1 and S3 in KMI
for athletes. Table 4 shows the results for all analysis with
p-values obtained in Wilcoxon tests. The comparison be-
tween sequences for non-athletes reveals significant dif-
ference only between S1 and S2 in right parietal site. One
example of ABP changes is illustrated on the Fig 1, where
the left and right respective occipital [A,B] and parietal
[C,D] sites in athlete #6 have mean power in S1 (contin-
uous line) notoriously higher than S2 (hatched line) and
S3 (dotted line) for both sites.

Observing Table 5, which summarizes the results of
Wilcoxon tests between distinct moments in VM, sig-
nificant differences have been found in the athlete group
for P4 between S1 and S2, and for O1 site between S1
and S3. In non-athlete group, no differences were found
in any comparison. As observed in KMI, no differenc-
es were encountered between S2 and S3 for all sites in
VMI for both groups. Fig 2 shows the left and right re-
spective occipital [A,B] and parietal [C,D] derivations of
non-athlete #5. Based on the morphology and the ampli-
tude of the power spectrums, one cannot identify differ-
ences in mean alpha power between the three sequenc-
es (S1, S2 and S3).

DISCUSSION

The MIQ-R is composed of real execution and men-
tal simulation in kinesthetic and visual MI of motor tasks
such as bending and extending the knee in stand position
and complex movement like jumping with both hands up,
that is similar to some part of volleyball spike movement.
Considering that MIQ-R have unfamiliar movements for
both groups, there is no significant difference in MIQ-R
scores between them. Nevertheless, the GA scores were
slightly higher than those for GNA, which may be due to
the high level of motor ability demanded from athletes
executing volleyball movements during the real training
sessions and matches when compared with inexperienced
group. On the other hand, significant differences were
found in clearness score of MI modalities of spike volley-
ball movement, statistically stronger in KMI, with ath-
letes imagining more easily than non-athletes. This re-
sponse is presumably because volleyball athletes execute
this specific movement exhaustingly, which implies in a
solid memory of the motor action.

For both groups, athletes and non-athletes, it is evi-
dent the inter-individual variability of the absolute value
of ABP power and its frequency between the groups and
also within each of them. From this, it is clear that one
can not compare the results found for athletes and non-
athletes without considering the inter-individual variabil-
ity. About the time evolution of the experiment, one can
point out that no significant differences have been found
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between sequences S2 and S3 neither in any derivation
nor in any group. Although there were cases (derivations
or groups, in both MI modalities) where no difference in
ABP could be inferred throughout the whole experiment,
whenever a difference has been achieved it occurred be-
tween S1 and S2 or between S1 and S3. This finding, al-
though does not confirm, at least suggests that some lev-
el of habituation takes place along sequence S1, i.e. the
beginning of the experiment. It could be interpreted as
suggesting a quick phenomenon of habituation, followed
by accommodation of ABP response to repetitive MI of
stimulus (spike volleyball task). The work of Romero et
al."” also found the effect of habituation, but observing
changes of ERP’s amplitude in time domain, differently of
this study that observe cortical changes with technique
in frequency domain.

Comparing the results between groups, GA showed
more cortical areas with habituation in ABP than GNA,
especially during KMI. For GA, the ABP changes oc-
curred mainly in sequences S2 and S3 compared to the
initial one (S1). Since the alpha band power is usually as-
sociated with mental effort, this paradoxal response may
suggest that athletes quickly learned how to execute the
MI of spike volleyball. It is important to consider that
athletes have large experience in real execution of spike
volleyball movement, hence already having all the motor
planning associated to it. On the other hand, the absence
of changes in ABP for non-athletes may suggest that more
time should be needed for this group to learn the execu-
tion of MI and planning the mental simulation of volley-
ball movement. The answer to this question demands fu-
ture studies in order to confirm if there are changes in the
cortical responses on the group control. Concerning the
modality of ML, KMI promoted more physiological alter-
ations than VM]I, confirming that cortical activation does
depend on the modality of MI executed®* .

Finally, it worth to emphasize the difficulty of com-
paring our findings with those reported in the literature
because we have analyzed the cerebral response to MI
using a procedure based on the variation of ABP which
could reflect the individual physiological pattern chang-
es. Moreover, carrying out MI more times may help de-
tecting statistical significant difference in ABP.

In conclusion, according to these findings, the motor
imagery of sequences of complexes tasks, like the spike
volleyball movement, in kinesthetic and visual modalities
promotes cortical changes reflected in mean alpha power
vicinity of alpha peak, pronouncedly during initial trials.
This response is associated to the knowledge of real task
execution and the modality of motor imagery executed.
Studies using other statistical techniques and protocols,
to analyze the behavior of alpha power during motor im-
agery, must be done to support these results.
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