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Abstract  
 
Several current data indicate that intracranial records of the Bereitschaftspotential from some brain loci 
manifest baseline shifts (EBS) in the early pre-movement period that are separated from the movement 
components by a distinct plateau. In this context, main purpose of this study was to assess whether 
structures generating the EBSs that are simultaneously widespread in various structures of the brain will 
be specifically linked to higher levels of large-scale integration in comparison to structures that were not 
involved in EBS generation. In this study were included 21 epilepsy surgery candidates (12 men, 9 
women; aged from 18 to 49 years), who were measured during self-paced clenching movements of the 
hand. Brain activities during the task were recorded using intracerebral electrodes and were evaluated in 
pairs. Eighty two percent of the EBSs started in various distant brain structures at the same time, 
eighteen percent at different time. Approximately half of the EBSs of the first group started in the 
prefrontal regions; the second half was obtained from pairs located in parietal and temporal regions. The 
first, the second, and the third groups exhibited a special degree of activity synchronization. The 
simultaneous EBS onsets associated synchronization strongly suggests significantly higher functional 
coupling of these brain areas which is supposed to be a basic mechanism of integration of various areas 
of the brain participating in cognitive and intentional functions.   
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1.  INTRODUCTION 

 
Recent research documented that processes preceding volitional movement and movement 
planning actions are closely related to preattentive processing and attentional functions 
(Johnson et al., 1996; Burnod et al., 1999; Andersen & Cui, 2009). In this context, experimental 
research using the slow cortical potentials preceding self-initiated movement 
(Bereitschaftspotential - BP) described various functional parameters of the BP components 
(Jahanshahi & Hallett, 2003; Shibasaki & Hallett, 2006). 
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In this previous research neural cognitive networks underlying generation and executive 
activities of self-paced movements were studied using measurements of regional cerebral 
blood flow changes during various tasks in numerous reported studies (Jahanshahi et al., 
1995; Jenkins et al., 2000). In addition comparison of these changes observed under 
selfinitiated versus externally triggered movements shows that the networks engaged in the 
early “volitional” part of the task are widespread in many structures of the brain (Jenkins et 
al., 2000). These processes are related to large-scale integration of neural activities coupled to 
cognitive processing preceding movement have also been described in the form of “early 
baseline shift” (EBS) (Kukleta et al., 2001, 2012). Those reported data are in agreement with 
recent findings that complex cognitive functions are organized at a global level in the brain 
and are related to large-scale information processing that requires mechanisms of functional 
integration of multiple disparate neural assemblies which enables to integrate more primitive 
functions organized in localized brain regions (Bressler & Kelso, 2001; Fries et al., 2001; Jensen 
et al., 2007; Kukleta et al., 2010; Varela et al., 2001). 

In this context of recent findings, the present study examined a hypothesis whether 
structures generating the “Early Baseline Shifts” that are simultaneously widespread in 
various structures of the brain will be specifically linked to higher levels of large-scale 
integration in comparison to structures that were not involved in EBS generation. To test this 
hypothesis we have assessed the temporo-spatial characteristics of the EBSs found in depth 
EEG recordings that were obtained during self-paced movement. 

 
 

2. METHODS AND MATERIALS 
 

2. 1. Subjects 
 
The study included 21 epilepsy surgery candidates (12 men, 9 women, aged 18 - 49 years) in 
whom the early pre-movement baseline shifts of the intracerebral EEG (iEEG) records during 
repeated self-paced hand movements were analyzed. We have selected subjects who had at 
least two distinct records with EBS responses. In these patients we have investigated whether 
the EBSs started at the same time or they had different onsets. In addition we have also 
assessed levels of linking between sites exhibiting identical onsets with special focus to 
specific prefrontal and parietal brain sites engaged in the accomplishment of a self-paced task. 

These shifts were conceived as a difference between distinguished periods of iEEG 
amplitudes which may be described by the Boltzmann sigmoid function used to perform the 
curve fitting as was previously documented (Devanne et al., 1997). The subjects were selected 
from a sample of archived data including 42 patients participating in BP experiment and their 
selection was based on a presence of EBS in at least two EEG electrodes (per patient; 
neighboring contacts of one electrode were not included). The intracerebral locations of 
recording contacts from which the EBSs records were included are in Table 1. 

All patients had implanted chronic depth multilead electrodes for diagnostic reasons 
(Hôpital Sainte-Anne, Service de Neurochirurgie; INSERM, U 97) and were informed that the 
experiment had no relevance to their clinical examination. All of them agreed to participate in 
the study. With exception of epilepsy the selected patients had no other neurological or 
psychiatric disorder and all of them were treated by antiepileptic medication. During the 
period of diagnostic iEEG recording, the doses of medication were reduced to allow seizures 
to develop spontaneously or in response to a focal repetitive electrical stimulation. 

 
2. 2. Recording procedures 
 
Deep (DIXI Besançon) intracerebral stainless steel or platinum electrodes orthogonally 
implanted were used for experimental recording. Each 0.8 mm diameter electrode had a series 
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of 2 mm long recording contacts (5 - 15), with a distance of 1.5 mm between the contacts. The 
positions of the electrodes were indicated in relation to the axes defined by the Talairach 
system using the ´x, y, z´ format where ´x´ is lateral, millimeters to midline, positive right 
hemisphere, ´y´ is anteroposterior, millimeters to the AC (anterior commissure) line, positive 
anterior, and ´z´ is vertical, millimeters to the AC/PC (posterior commissure) line, positive up 
(Talairach et al., 1967). In one patient, an additional diagonal electrode was inserted into the 
mesial prefrontal cortex. 
 
Table 1. Location of recording contacts from which the paired EEG records with early baseline 
shifts (EBS) were derived, distances between these contacts, mean amplitudes of EBS obtained 
from the sigmoid fits of the paired records, differences of ESB onsets in paired records, and the 
correlation coefficient calculated from paired records in the pre-movement period from -4.0 
sec to -0.8 sec. 
 

 
 
Table1.Continues.
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Table 1. Continues. 

 
 

All electrode positions were verified radiologically in anteroposterior and lateral views. 
Surface electromyograms (EMG) were recorded with a pair of cup electrodes placed on the 
skin over the flexor digitorum communis. 
 
2. 3. Experimental design 
 
During the experiment, a patient laid comfortably on bed and watched a point on the video 
screen positioned approximately 150 cm in front of their eyes. Experimental data were 
recorder during two periods. In the first control period, the patient watched the screen on 
which a letter lasting 200 ms irregularly replaced the central point. In the second experimental 
period, the patient was instructed spontaneously and irregularly to move a joystick and was 
asked to maintain intervals of at least 10 sec between the successive movements without 
counting or maintaining any other rhythmic activity. Due to anatomical cross of the 
hemisphere and hand, the opposite hand to the explored hemisphere was used to move the 
joystick with approximately 35 movements in the second experimental period. 
 
2. 4. Data acquisition and processing 
 
The intracerebral EEG activity was recorded and averaged using a 32-channel amplifier device 
(Nihon-Kohden, bandpass between 0.016 and 100 Hz), and using Cambridge electronic device 
(CED) 1401 + interface with SIGNAL 2 software. Each data frame had duration of 5 sec (4 sec 
before the EMG onset in the experimental block and 4 sec before the visual signal in the 
control block) and was digitized at a frequency of 100 Hz. All the records were taken with a 
binaural reference. The data processing was performed offline using artifact-free iEEG records 
only (the selection was based on visual inspection of the records by two experienced persons). 
In experimental block, all available trials were used for averaging so that the number of trials 
averaged slightly varied across the patients (minimal number was 28). The averaging was 
triggered by the onset of the EMG. The fitted curves (see Figure 1) were calculated in the early 
pre-movement period (from -4.0 to -0.8 sec) using the sigmoid fitting function from the 
analysis menu of Signal 5 program. This arbitrary choice of the -0.8 sec time point as the 
proximate limit of the analyzed pre-movement period was determined by our intention to 
exclude all possible contamination by processes associated with the late BP processes. 
 
 

  
Figure 1. The fitted curves calculated in the early pre-movement period (from -4.0 to -0.8 sec) 
using the sigmoid fitting function. 
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The selection of one record with EBS from usually quasi-identical responses obtained from 
the neighboring contacts of an electrode was based on evaluation of EBS amplitude and the 
result of the fitting procedure. In order to disclose a possible functional relationship between 
the brain loci which yielded the EBSs, we arranged the collected records into 61 pairs and 
assessed the level of phase correlation of iEEG oscillations in each of these pairs. As a measure 
of synchronization we have used correlation coefficients calculated in the period from -4.0 to -
0.8 sec. The determination of EBS onsets in pairs was based on visual assessment of 
differences between iEEG records. To reduce a subjective factor the determination was based 
on a consensus of two persons. 

 
 

2. 5. Statistical evaluation 
 
Statistical evaluation of the results was performed by software package Statistica’99 (StatSoft 
Inc., Tulsa, U.S.A.). The binominal distribution was calculated on the whole data set using the 
chi-squared test, the correlation between the EBS amplitude and the distance was calculated 
also on the whole set using Spearman R-value. The correlation between levels of activity 
synchrony in paired loci was calculated in every pair using the same test, and the comparisons 
of levels of activity synchrony between subgroups were calculated in these subgroups using 
ANOVA test. 
 
 
3. RESULTS 
 
Main result represents significant difference of correlations between the two groups of pairs 
of loci, the first containing EBS and the second including pairs without EBS, both obtained 
during early premovement period from 15 anatomically delineated cortical regions and 
calculated in the time windows from -4.0 to -0.8 sec (see Table 1 and Figure 2).  
 

  
Figure 2. Topographic distribution of brain sites in sections A and B. Rectangles (�)  
corresponds to the sites localized in the left hemisphere and circles (�) correspond to right 
hemispheric brain locations generating Early Baseline Shifts (EBS). 
 
Other important finding was the time synchrony of EBSs onsets in the great majority of pairs. 
In single subjects, the number of analyzed pairs varied between 1 and 10 (median 3 pairs). The 
onsets of EBSs were from 1.6 to 3.2 sec (median 2.4 sec). The mean amplitude value of the shift 
was 14.1 ± 7.6 �V (minimum 3.4 �V, maximum 36.4 �V). The amplitude change was 
electrically positive in 46 cases and negative in 15 cases; binominal distribution was not found 
(chi-squared test, p>0.05). In single persons, the EBS change had identical polarity just with 
one exception in the subject, who had one positive and one negative EBS. In 50 EBSs, the 
potential change was generated at the same time. The variability of the distance between the 
paired recording sites (45.8 ± 18.2 mm; minimal value 12 mm, maximal value 90 mm) shows 
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that some pairs described local field potentials within one anatomical structure and other 
pairs of the activity in different brain regions. Any significant correlation between the 
distances and the r-values was not found (Spearman R= -0.24; p>0.05). 

As evident from Table 2, part A, testing of the same structures under different conditions 
(observation of the screen without any movement) was followed by different responses – only 
one identical onset from the 16 EBS responses was observed, decreased level of mean rvalues 
in the time window -4.0 sec to -0.8 sec was found (ANOVA, F(1,120)=43.7; p<0.001). Other 
spatiotemporal relations of the EBSs and mean r-values are presented in Table 2, part B. The 
allocation of pairs according to their brain location and the presence or absence of identical 
EBS onsets into subgroups have shown influence of these factors. As can be seen, the 
prefrontal location of the pair and identical EBS onsets had the highest r-values, lower values 
had parietotemporal locations with the identical EBS onsets, and lowest values had variously 
localized pairs without identical EBS onsets. All the differences were significant (ANOVA; 
F(2,58)=21.48; p<0.001). Post hoc Scheffe test showed p-value lower than 0.008 between first 
and second groups, lower than 0.001 between first and third groups, and lower than 0.002 
between second and third groups. With the exception of one pair, the correlation of activity in 

all the other pairs was significant (number of compared items was 320). Important and 
interesting finding represents also synchronization between the loci in the lobulus parietalis 
inferior and the prefrontal loci. All these pairs had identical EBS onsets and the mean r-value 
was 0.69 ± 0.10 (pairs 5, 6, 24, 25, 26, 44, and 59). 
 
Table 2. Relation between the location of paired iEEG records with early baseline shifts (EBS) 
and the level of their phase synchrony in the premovement period. 

 
 
 

9. DISCUSSION 
 

The data show that the great majority of the EBSs (82 %) started at different, frequently distant 
brain structures at the same time. In the context of recent findings we have also found that the 
“early baseline shifts” simultaneously widespread in various structures of the brain are 
specifically linked to higher levels of large-scale integration compared to structures which 
were not involved in EBS generation. In addition, the prefrontal pairs exhibited a significantly 
higher level of synchronization of their activities in comparison to the other pairs. The 
simultaneous EBS onsets together with the associated transitory increase of synchronization in 
node pairs from prefrontal sites and the lobulus parietalis inferior indicate a strong functional 
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coupling of these brain areas during the task. The analysis of parameters from this 
experimental period could be of interest for further research of recently discussed relationship 
between consciousness and will (Dirnberger et al., 2011; Haggard, 2011; Travena & Miller, 
2002).  

According to Haggard, in this relationship the competition of prefrontal neurons could 
play an important role and might provide an efficient mechanism of regulation (Haggard, 
2011). The presented data showed that EBSs could be considered as the end of estimating the 
time interval which elapsed from previous trial and reflect beginning of a new task and action. 
In addition compared to other reported findings (Ball et al., 1999; Deiber et al., 1991, 1996, 
1999; Jahanshahi et al., 1995; Jannerod, 1994, 2006, 2009; Jenkins et al., 2000; McKinnon et al., 
1996; Toro et al., 1994), the local sites generating EBSs are also mainly involved in processes 
related to selective increase of cerebral blood flow in the self-paced variant of movement 
triggering (Jahanshahi et al., 1995; Jenkins et al., 2000; Soon et al., 2008). 

No significant correlations between the distances and r-values of correlations between pairs 
were found, which is in agreement with recent findings about large scale synchronization in 
the brain. The large-scale coupling between structures generating EBS in comparison to other 
structures is in agreement with other studies focused on EEG analysis that also observed 
functionally relevant epochs of synchronization in various brain structures during attention, 
perception, motor and memory task performance (Jensen et al., 2007; Singer, 2001), which 
participate in intentional activities related to action planning, and decision making (Johnson et 
al., 1996; Andersen & Cui, 2009). The data of the present study suggest that structures 
generating EBS specifically participate in large-scale integration and binding mechanisms 
(Bressler & Kelso, 2001; Fries et al., 2001; Jensen et al., 2007; Kukleta et al., 2010). In this 
context, the present study provides novel findings about specific large scale integration 
related to structures involved in the pre-movement period manifesting EBSs that most likely 
reflect voluntary actions. The data directly indicate that these structures belong to large scale 
integrated and highly specialized systems that enable flow of information among various 
areas of the brain participating in cognitive and intentional functions. 
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