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Abstract: Our study objective, was to establish a real correlation between physical effort and cerebral activity at 

sportsmen, both, by using one of the electroencephalographic (EEG) indexes, the edge frequency, which characterise 

most relevant EEG changes, specific to studied sport activities and statistically comparing the obtained results. 

Studied group was composed of 27 professional athletes, both genders, with same medium age, height and weight and 

similar professional training , which practice fence, volleyball or handball,  for at least 6 years. 

Electroencephalographic evaluation (line spectral and indexes) was realized by using the Nihon-Kohden EEG-9200 

device, the EEG MAPPING QP-220AK programme, applied to the studied sportsmen during all tested moments (R1, 

A, R2, B, R3, C, R4, D R5), activities that can emphasize possible specific cerebral patterns. 

The p values of  Student test, obtained by the inter-sports statistical comparison of edge indexes, measured for each of 

the tested moments, were represented by cerebral mapping. 

Were emphasized significant differences between the three studied sports, depending on the activated cerebral area 

specific to each sportive discipline and correlated with the test moments, especially in the parietal and frontal cerebral 

areas. 

EEG differences recorded for each sportive discipline, outlined a real correlation between physical effort and cerebral 

activity, due to cortical adaptation to long term effort, emphasised through functional plastic cortical changes. 
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Introduction 

Our study objective, was to establish a real 

correlation between physical effort and cerebral 

activity at sportsmen, both, by using one of the 

electroencephalographic (EEG) indexes, the edge 

frequency, which characterise most relevant EEG 

changes, specific to studied sport activities and 

statistically comparing the obtained results. 

The relevant studied parameter for the research, 

represents the frequency from which all inferior 

frequencies represent 90% of whole EEG line 

length. 

Electroencephalography (EEG) represents the 

technique of cerebral electrical activity acquisition 

during a period time, through electrodes put on 

the scalp [1, 2, 3]. 

Material and methods 

Studied group was composed of 27 professional 

athletes, both genders, which practice fence, 

volleyball or handball, 9 fencers, 9 volleyball 

athletes and 9 handball players for at least 6 years. 

Considering that, the investigations took place in 

equivalent conditions for all subjects, we can 

state, that the determining factor, for the different 

behaviour of the administered tests, were the 

cerebral changes, induced by the sports practice 

for a long period of  time,  as a result of repeated 

complex movements performed during specific 

training  [4, 5]. 

The testing was performed under current ethical 

rules, each participant being informed of the 

experimental processes. 

Electroencephalographic evaluation (line spectral 

and indexes) was realized by using the Nihon-

Kohden EEG-9200 device, the EEG MAPPING 

QP-220AK programme, applied to the studied 

sportsmen during all tested moments (R1 - initial 

repose, A- right hand contraction, R2 -  repose 

after right hand activity, B - left hand contraction, 

R3 - repose after left hand activity, C - right hand 

contraction mental exercise, R4 - repose after 

right hand contraction mental exercise, D - left 

hand contraction mental exercise, R5 - repose 

after left hand contraction mental exercise), 

activities that can emphasize possible specific 

cerebral patterns. 

The EEG response was registered with surface 

electrodes which have a letter to identify the lobe 

(F frontal, T temporal, P parietal, C central, O 

occipital) and a number to identify the hemisphere 

location (even numbers refer to electrode 

positions on the right hemisphere, odd numbers to 

those on left hemisphere), placed on the scalp 

according to the electroencephalography 10-20 

system, bipolar acquisition, 16 channels, the 

reference being the two ears (A1, A2), using a 

time constant of  0,3 seconds and a filter below 50 

Hz [6]. 
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For a correct identification of cerebral 

adaptations, specific to commanded actions 

apparition, was used amplitude and frequency 

cerebral mapping (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The used EEG MAPPING QP-220AK programme offered beside the frequencies spectrum, also synthetic 

indexes (peak frequency, median frequency, average frequency, edge frequency) suitable for statistic study. 

Because from the mentioned ones, the edge frequency characterizes most relevant the EEG modifications 

specific to each sport discipline, we choose to study this one. 

For statistical comparison of the obtained data, the Student (t test) was used. 

Results 

For a better analyse, the p values of  Student test, obtained by the inter-sports statistical comparison of edge 

indexes, measured for each of the tested moments, were represented by cerebral mapping. 

Observing this graphic representation, were remarked the presence of significant differences between 

handball and fence, for most of the experiment moments, in the area of the P4 electrode – right parietal, 

emphasized like specific element. 

Significant differences illustration between handball and volleyball, revealed most of the areas with 

significant p values, constant p values being the F3, P3 and P4 electrodes areas. 

Fence - volleyball comparison, from the edge differences point of view, emphasized significant differences 

for all test moments, for different cortical areas, but constant values were P3 area for most of the moments 

test (Figures 2 -10). 

 
 

Figure 2. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment R1 for all sports 

 

 
Figure 3. Mapping graphic representation of significant differences areas at comparison of edge 

indexes averagevalues for moment A for all sports 

Figure 1. Cerebral mapping changing aspect as a new activity is performed 
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Figure 4. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment R2 for all sports 

 

 
Figure 5. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment B for all sports 

 

 
Figure 6. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment R3 for all sports 

 

 
Figure  7. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment C for all sports 

 

 
Figure 8. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment R4 for all sports 
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Figure 9. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment D for all sports 

 

 
 

Figure 10. Mapping graphic representation of significant differences areas at comparison of edge 

indexes average values for moment R5 for all sports 

 

Discussions 

Present study aimed to emphasize EEG changes, 

produced by different actions (fists successively 

contractions, movement thinking without perform 

it), in comparison with the relaxation moments 

between actions, at sportsmen. 

Following the electroencephalographic activity of 

each studied sportive discipline, we observed 

different response patterns, but constant for the 

same group of athletes. 

Due to the particularities of each sportive 

discipline, is pointed out, the idea of some athletes 

presenting a performed movement imagination 

bigger than the one of other tested sport, which is 

produced by structural cerebral changes [8]. 

Despite, the speciality literature [8, 9, 10] had 

described many data, regarding the sportsmen 

motor memory, proving the cerebral differences 

inter-sports, produced by the long term specific 

physical exercises, remains an original aspect, 

enough conspicuous outlined by the previous 

electroneurophysiologic studies, that we have 

tried to achieve through our study. 

Conclusions 

Were emphasized significant differences between 

the three studied sports, depending on the 

activated cerebral area specific to each sportive 

discipline and correlated with the test moments, 

especially in the parietal and frontal cerebral 

areas. 

EEG differences recorded for each sportive 

discipline, outlined a real correlation between 

physical effort and cerebral activity, due to 

cortical adaptation to long term effort, emphasised 

through functional plastic cortical changes, 

specific to each studied sportive discipline, 

characterized by different values of the edge 

frequency index. 

Author contribution 

All authors have contributed equally to this 

article. 

 
REFERENCES 

[1] . Kiloh, L.G., (1981). 

Electroencephalography, Ed.  Butterworths 

[2] . Niedermeyer, E., (1987). 

Electrocorticography, In 

Electroencephalography, Basic Principles, 

Clinical Applications and Related Fields, 2nd ed 

[3] . Daly, D. D., Pedley, T. A., (1990). Current 

Practice of Clinical Electroencephalography, 2nd 

Ed. New York: Raven Press, pp. 535-560  

[4] . Doppelmayr M.P., Doppelmayr H., (2008). 

Modifications in the human EEG during extralong 

physical activity, Neurophysiology, Number 

1/January, Volume 39 

[5] . Fattapposta, F., G., Amabile, M. V., 

Cordischi, D., Di Venanzio, A., Foti, F., Pierelli, 

C., D'Alessio, F., Pigozzi, A., Parisi and C., 

Morrocutti, (1996). Long-term practice effects on 

a new skilled motor learning: an 

electrophysiological study, 

Electroencephalography and  Clinical 

Neurophysiology, Volume 99, Issue 6, pp. 495-

507 

[6] . Tyner, FS., Knott, JR., Maye,r WB Jr., 

(1983). Fundamentals of EEG Technology, Basic 

http://www.springerlink.com/content/106488/?p=d53f6c9bc1ab494a99d2ac3a4d3e4752&pi=0


  

Journal of Sport and Kinetic Movement Vol. II, No. 32/2018 

 

 86 

Concepts and Methods, New York: Raven Press, 

Volume 1:146-59 

[7] .Babiloni C., Del Percio C., Paolo M., 

Rossinib D.F., Marzanog N., Iacobonig M., 

Infarinatoc F., Lizioc R., Piazzah M.,Pirritano M., 

Berlutti G., Cibelli G., Eusebi F., (2009). 

Judgment of actions in experts: A high-resolution 

EEG study in  elite athletes, NeuroImage,Volume 

45, Issue 2, pp. 512-521 

[8]. Pearce, A.J., et al., (2000). Functional 

reorganisation of the corticomotor projection to 

the hand in skilled racquet players, Exp Brain Res 

130, pp. 238-24 

[9]. Klimesch, W., M., Doppelmayr, H., 

Russegger, T., Pachinger and J., Schwaiger, 

(1998). Induced alpha band power changes in the 

human EEG and attention, Neuroscience Letters, 

Volume 244, Issue 2, pp. 73-76 

[10] Zhuang, T., Hong Zhao, Zheng Tang, (2009). 

A Study of Brainwave Entrainment Based on 

EEG Brain Dynamics, Computer and Information 

Science, No. 2, Vol. 2. 

  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WNP-4V42J7Y-2&_user=6266156&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1059651322&_rerunOrigin=google&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=87c8955dca75c16dcd7ef81bd06a91f6#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WNP-4V42J7Y-2&_user=6266156&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1059651322&_rerunOrigin=google&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=87c8955dca75c16dcd7ef81bd06a91f6#aff7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WNP-4V42J7Y-2&_user=6266156&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1059651322&_rerunOrigin=google&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=87c8955dca75c16dcd7ef81bd06a91f6#aff7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WNP-4V42J7Y-2&_user=6266156&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1059651322&_rerunOrigin=google&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=87c8955dca75c16dcd7ef81bd06a91f6#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WNP-4V42J7Y-2&_user=6266156&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1059651322&_rerunOrigin=google&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=87c8955dca75c16dcd7ef81bd06a91f6#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WNP-4V42J7Y-2&_user=6266156&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1059651322&_rerunOrigin=google&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=87c8955dca75c16dcd7ef81bd06a91f6#aff8
http://www.sciencedirect.com/science/journal/10538119
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236968%232009%23999549997%23932050%23FLA%23&_cdi=6968&_pubType=J&view=c&_auth=y&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=ac3c157cde41494b8f9590f51af0e194
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236968%232009%23999549997%23932050%23FLA%23&_cdi=6968&_pubType=J&view=c&_auth=y&_acct=C000069557&_version=1&_urlVersion=0&_userid=6266156&md5=ac3c157cde41494b8f9590f51af0e194

