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Abstract. The purpose of the study was to study the fronto-occipital organization of cerebral circulation during short-

term mental stress, as well as to study the relationship between the spatial organization of cerebral circulation during 

mental stress and the effectiveness of behavior control. In this work, attention was paid to potential typological charac-

teristic – fronto-occipital asymmetry of cerebral circulation. Known data suggest a relationship between changes in the 

spatial distribution of cerebral circulation and the productivity of mental activity and the effectiveness of behavior con-

trol. Using the method of rheoencephalography, 40 students (aged 19–23 years) studied the parameters of cerebral cir-

culation during mental stress (GO/NOGO test). The stimulus material was presented on a monitor using the PsychoPy 

program. The number of errors was estimated. The rheoencephalogram was recorded using the «Reo-Spectrum» device. 

The spatial organization of pulse blood supply in the basin of the internal carotid and vertebral arteries in the initial state 

and during mental stress was assessed by the fronto-occipital gradient. With a short-term mental load, students showed 

an increase in both general and particular fronto-occipital gradients. A negative correlation was established between the 

increase in the right-diagonal fronto-occipital gradient (reactive control axis) in the first minute of the mental load and 

the number of errors in the GO/NOGO test. The prospects of using the fronto-occipital organization of cerebral circula-

tion to predict the effectiveness of mental activity are discussed. 
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List of Abbreviations 

Reo – Rheoencephalography 

RI – rheographic index  

FM – Fronto-mastoid abduction   

OM – Occipito-mastoidal abduction 

FOG – Fronto-occipital gradient 

Introduction 

The frontal regions of the cerebral cortex play 

a key role in human mental activity. Mental ac-

tivity requires control of human behavior and in-

creases the activation of the frontal lobes and, as 

a result, increases their blood supply. The inter-

action of the frontal regions with the occipital-

parietal region is also important, especially for 

mental activity associated with the processing of 

visual information. Therefore, functional 

changes in the spatial organization of cerebral 

circulation, which can affect the efficiency of 

mental activity, are of particular interest. 

Literary information does not allow obtain-

ing an unambiguous picture of the functional 

restructuring of cerebral circulation in response 

to mental activity. In particular, it is known that 

pulse blood filling indicators are not sensitive 

functional markers of cerebral circulation re-

structuring during mental stress and give con-

flicting results in different studies (Bazhenov et 

al., 2021; Chub et al., 2021; Zaripov & Bari-

nova, 2012). But the use of other functional 

markers gives more encouraging results, in par-

ticular, more unambiguous data on the restruc-

turing of cerebral circulation is provided by the 

use of changes in vascular tone and interhe-

mispheric asymmetry and its effect on behavior 

control (Prodius et al., 2023). Continuing the 

search for functional markers of blood circula-

tion restructuring during mental activity, atten-

tion was also paid to the fronto-occipital gradi-

ent of cerebral circulation. It is known that as 

the brain matures in schoolchildren, significant 

changes in the spatial organization of cerebral 

circulation are observed with an increase in the 

proportion of blood filling in the frontal region. 

To date, the formation of a hyperfrontal gradi-

ent of blood filling between the frontal and mas-
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toid basins of the brain in children 8–11 years 

of age is known in the norm (Zhivotova & Vo-

ronova, 2010). A more well-known phenome-

non in neurophysiology is the presence of a pro-

nounced fronto-occipital gradient (FOG) of the 

alpha rhythm in adults in a state of calm wake-

fulness with eyes closed, most pronounced in 

the occipital-parietal region (Zhirmunskaya, 

1991). This alpha rhythm gradient is interpreted 

as a predominance of brain activation in the 

waking state in the frontotemporal region. In 

addition to describing the general gradient of 

blood filling between the frontal and occipital 

parts of the brain, particular FOGs are also of 

interest, so the study of the fronto-occipital gra-

dient using electroencephalography led to the 

isolation of the so-called «diagonal» gradients, 

for which a relationship with the functional 

state of a person has been established 

(Sviderskaya, 2009). Given the important role 

of bilateral asymmetry of cerebral circulation in 

the efficiency of mental activity, FOG is of in-

terest separately for the right and left hemi-

spheres.  

Based on the above study of FOG as an indi-

cator of the spatial organization of the blood cir-

culation in the brain, it is of scientific and prac-

tical interest. First of all, FOG can be consid-

ered as a promising marker of functional 

changes during mental activity. For this pur-

pose, one can use the indicator of pulse blood 

filling, recorded using rheoencephalography. In 

addition, the relationship of general and partic-

ular FOGs with the effectiveness of mental ac-

tivity is of interest. 

The aim of the work is to study the features 

of the spatial organization of cerebral blood 

flow during short-term mental stress and its re-

lationship with the control of cognitive func-

tions. 

 

Materials and Methods 

The studies were carried out on 40 volun-

teers aged 19-23 years. Informed consent 

signed. The study was performed in accordance 

with the Declaration of Helsinki (2013) and ap-

proved by the Ethics Committee of the National 

Research Lobachevsky State University of 

Nizhny Novgorod. The subjects were asked to 

perform an attention control task consisting of 

two parts of 7.5 minutes each with a short break 

between them. When stimulus material was 

presented in the form of frequent significant 

(GO - letter H), insignificant rare (NOGO - let-

ter I) and insignificant rare (Novel - various 

signs @, ?, #, etc.) the subjects pressed certain 

buttons (Gomez et al., 2007). Stimulus material 

was presented on a monitor using the PsychoPy 

program (Peirce, 2009). At the same time, a 

rheoencephalogram was recorded using the 

Reo-Spectrum rheoencephalograph (Neurosoft, 

2008). The asymmetry coefficient of cerebral 

circulation in the basins of the internal carotid 

arteries and vertebral arteries, also known as the 

total fronto-occipital gradient, was calculated 

by the ratio of the average RI value in the 

frontal leads (FM) and in the occipital leads 

(OM), in total in the left and right hemispheres. 

The partial gradient was calculated by the ratio 

of the RI values in the frontal lead (FM) and in 

the occipital lead (OM) of the corresponding 

hemisphere: the right diagonal gradient was 

calculated by the ratio of Fmd to Oms, and the 

left diagonal gradient was calculated by the ra-

tio of Fms to Omd. So, if the gradient index was 

greater than one, this indicated a hyperfrontal 

gradient, if less than one, then a hyperoccipital 

one. When equal to one, there was no gradient 

between the frontal and occipital leads. 

Statistical analysis for independent variables 

was determined by the non-parametric Mann-

Whitney method. For dependent variables us-

ing the Wilcoxon test using the SPSS program. 

 

Results 

Dynamics of changes in the general front-

occipital gradient 

In the group of subjects in the initial state, 

the hyperfrontal gradient prevailed (Fig. 1). The 

fronto-occipital gradient during the GO/NOGO 

test increased throughout the entire task, indi-

cating an increase in blood supply to the frontal 

lobes in the subjects. Thus, a statistically signif-

icant increase in the fronto-occipital gradient 

was detected in the first minute of the second 

part (p = 0.042) and in the last minute (p = 0.04) 

of the GO/NOGO test. The obtained data con-

firm the assumption about the formation of a 



STUDY OF THE RELATIONSHIP BETWEEN THE SPATIAL ORGANIZATION OF CEREBRAL CIRCULATION  

AND THE CONTROL OF COGNITIVE FUNCTIONS 

  Opera Med Physiol. 2023. Vol. 10 (3)  |  135 

hyperfrontal gradient during the mental load of 

the GO/NOGO test, which indicates an increase 

in the blood supply to the frontal lobes to ensure 

the most effective control of the behavior of the 

subjects. Thus, a change in the general fronto-

occipital gradient can serve as a functional 

marker of cerebral circulation restructuring dur-

ing mental activity. 

 

Dynamics of changes in partial fronto-oc-

cipital gradients 

When studying the dynamics of particular 

fronto-occipetal gradients, the greatest increase in 

the first half of the test was found in the right-di-

agonal fronto-occipetal gradient (right fore-

head/left occiput) (Fig. 2). This is confirmed by a 

statistically significant increase in the gradient at 3 

minutes of the test, compared with the initial state 

(p = 0.018). In the literature, based on the results 

of EEG, this diagonal gradient is called the «axis 

of superconsciousness» or «creative axis» 

(Sviderskaya, 2011). In the second half of the trial, 

an increase in partial gradients was observed for 

the left diagonal fronto-occipetal gradient (left 

forehead/right occiput) and fronto-occipetal gradi-

ent of the left hemisphere. A statistically signifi-

cant increase in the left-diagonal gradient relative 

to the initial state is found already in the first mi-

nute of the second part of the test (p = 0.038). In 

the literature, this diagonal gradient has been 

called the «cognitive axis» (Dzhebrailova & 

Korobeinikova, 2013; Razumnikova, 2003). 

Throughout the test, there was an increase in the 

fronto-occipital gradient in the left hemisphere 

(left forehead/left occiput), however, a statistically 

significant increase was found only in the last mi-

nute (p = 0.044). The least pronounced changes in 

the fronto-occipital gradient are observed in the 

right hemisphere. Thus, a detailed study of the dy-

namics of the fronto-occipital gradient revealed 

the earliest changes during the mental activity of 

the right-diagonal gradient. And later growth of 

the fronto-occipital gradient in the left hemisphere 

and the left-diagonal gradient. 

 

Correlation: gradients and precision 

We made an attempt to evaluate the relation-

ship between changes in the general and partic-

ular gradients during the execution of the 

GO/NOGO test and the number of errors per 

non-significant rare stimulus (NOGO). Thus, it 

would be possible to determine the relationship 

between the efficiency of the task and the fea-

tures of the spatial reorganization of the cere-

bral blood flow. However, it was not possible 

to identify statistically significant patterns. 

 

Correlation: first minute gradient change 

and accuracy 

Next, we made an attempt to evaluate the re-

lationship between reactive changes in the gen-

eral and particular gradients in the first minute 

of the trial and the number of errors. For this, 

the conditional value of the change in the gra-

dient between the first minute of the first part of 

the GO/NOGO test and the state of readiness, 

the difference of these values, was calculated. 

Correlating the number of errors with the calcu-

lated conditional value of the gradient change 

allows us to observe how the reactive gradient 

change in the first minute affects the accuracy 

of the GO/NOGO test as a whole. 

Correlation analysis of changes in total FOG 

in the first minute of the 1st part of the task had 

a weak negative (-0.384) but statistically signif-

icant (p = 0.012) relationship with the number 

of NOGO errors. Next, a similar correlation 

analysis of partial FOGs was performed with 

the accuracy of the task. A statistically signifi-

cant (p = 0.023) weak negative relationship  

(-0.355) was found between changes in the right 

diagonal gradient in the first minute of the 

GO/NOGO trial and NOGO errors (Fig. 3). The 

reactive change in the gradient in the left hemi-

sphere, as well as the change in the left diagonal 

gradient, had only a tendency to a weak nega-

tive correlation. No relationship was found be-

tween gradient changes in the right hemisphere 

and task performance accuracy. 

Thus, the right-diagonal fronto-occipetal 

gradient turned out to be most associated with 

effective control of mental activity. In subjects, 

the growth of this gradient at the beginning of 

mental activity correlates with high accuracy in 

completing the task. In this regard, it is pro-

posed to call the right-diagonal front-occipetal 

gradient not the «axis of superconsciousness», 

but the «axis of reactive control».
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Fig. 1. Dynamics of changes in the fronto-occipital gradient during the GO/NOGO test. On the X-axis:  

0 initial level of the fronto-occipital gradient; numbers 1; 2; 3; 6; 7; 8 shows the values of the fronto-occipital 

gradient at the first, second, and third minutes of the task in the first and second parts, respectively.  

The number 5 indicates the level of the fronto-occipital gradient during the rest between the 1st and 2nd parts 

of the task, the numbers 4 and 9 are the values of the fronto-occipital gradient at the last minute in the first 

and second parts, respectively. On the Y axis, the value of the fronto-occipital gradient. * – statistically sig-

nificant differences from baseline (p < 0.05) 

 
Fig. 2. Dynamics of changes in the fronto-occipital gradient during the execution of the GO/NOGO test.  

On the X-axis: 0 initial level of the fronto-occipital gradient; numbers 1; 2; 3; 6; 7; 8 shows the values of the 

fronto-occipital gradient at the first, second, and third minutes of the task in the first and second parts, re-

spectively. The number 5 indicates the level of the fronto-occipital gradient during the rest between the 1st 

and 2nd parts of the task, the numbers 4 and 9 are the values of the fronto-occipital gradient at the last minute 

in the first and second parts, respectively. Red squares – fronto-occipital gradient of the right hemisphere. 

Blue circles fronto-occipital gradient of the left hemisphere. Yellow triangles - right diagonal fronto-occipital 

gradient (reactive axis). Green diamonds - left diagonal fronto-occipital gradient (cognitive axis). On the  

Y-axis, the value of the fronto-occipital gradients. * – statistically significant differences from the initial level 

(p < 0.05) corresponding to the color of the gradient 
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Fig. 3. Scattergram of the correlation analysis of changes in the right diagonal fronto-occipital gradient  

(reactive control axis) in the first minute of the first part of the GO/NOGO test task (Y axis) and the percent-

age of NOGO errors (X axis) 
 

 

Discussion 

The data obtained on the increase in total 

FOG suggest that the redistribution of blood 

supply in favor of the frontal regions plays an 

important role in urgent adaptation to mental 

stress. During active brain maturation during 

the school period, FOG in children with learn-

ing problems (with mental retardation) is lower 

than in other schoolchildren (Azatyan & Gri-

goryan, 2018). As the brain matures during the 

school period, accompanied by mental stress, 

an increase in FOG is observed. As children 

progress through the school curriculum, indica-

tors of cognitive activity increase - the com-

plexity of tasks, the growth of indicators of vol-

untary attention and memory, fluency of 

speech, etc. (Isaeva et al., 2005). It can be as-

sumed that the development of cognitive activ-

ity is associated with the formation of an appro-

priate spatial organization of cerebral circula-

tion. Other neuroimaging methods show similar 

data. For example, an increase in the fronto-oc-

cipital alpha rhythm gradient as the brain ma-

tures in the preschool and school years 

(Sokolovskaya, 2001; Blagosklonova & 

Novikova, 1994). As well as the connection be-

tween the spatial organization of the EEG and 

the success of training. In our study, for the first 

time, an increase in FOG was shown in adult 

subjects during mental stress. A more difficult 

task is to describe the features in the dynamics 

of partial FOGs. The right-diagonal FOG (reac-

tive control axis) turned out to be the fastest and 

most sensitive to mental stress. When studying 

spontaneous electrical activity under conditions 

of excessive information load and requiring im-

agination, successful subjects showed high 

EEG coherence between the right frontal and 

left occipital leads (Dzhebrailova & Korobeini-

kova, 2013; Sviderskaya, 2011). It is known 

that the simultaneous nature of information pro-

cessing is associated with the right hemisphere, 

and the detection of visual verbal stimuli is car-

ried out by speech centers in the left visual cor-

tex (Zaltsman & Meyerson, 1990; Leushina & 

Nevskaya, 2004). The first part of the 

GO/NOGO test is characterized by a lack of ex-

perience and a high level of uncertainty, which 

requires the activity of the frontal regions of the 

right hemisphere. The use of verbal stimuli pre-

sented on a monitor activates the left visual  

cortex. 

In the second part of the task, there is also an 

increase in partial FOGs of the left hemisphere 
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and the «cognitive axis». These changes in the 

spatial organization of brain blood filling can be 

explained by the more successive nature of the 

task (left hemisphere), as well as in connection 

with the emergence of experience and its automa-

tion (right occipital-parietal region). The absence 

of pronounced FOG dynamics in the right hemi-

sphere can be explained by the fact that operator 

activity on a computer is more related to the pre-

dominantly successive type of information pro-

cessing characteristic of the left hemisphere. 

In this study, it was not possible to find a re-

lationship between the accuracy of the task and 

the indicators of general and partial FOG both 

in the initial state and during mental stress. 

In contrast to an earlier study, which showed 

a relationship between task performance accu-

racy and bilateral asymmetry in the basins of 

the internal carotid arteries. The predominance 

of blood filling in the left internal carotid artery 

was associated with greater accuracy (Prodius 

et al., 2023). It can be assumed that the fronto-

occipital organization of blood circulation is as-

sociated with the switching of global neural net-

works of the cerebral cortex involved in cogni-

tive activity (Colom et al., 2009; Marek & Dos-

enbach 2018; Niendam et al., 2012). Switching 

to the fronto-occipital network of the right hem-

isphere occurs when performing simultaneous 

tasks, and to the fronto-occipital network of the 

left hemisphere when performing successive 

operations. The neural network associated with 

the «reactive control axis» is activated to solve 

an unfamiliar task, and the neural network of 

the «cognitive axis» is activated when working 

with more automated and algorithmic activities. 

The hypothesis about the switching role of FOG 

is confirmed by the discovery of a relationship 

between the change in the total FOG in the first 

minute of the GO/NOGO task and the number 

of errors during the entire task. Of all private 

FOGs, a statistically significant correlation was 

found in the «reactive control axis». Presuma-

bly, the restructuring of blood flow along this 

axis allows the dorsolateral prefrontal cortex to 

exercise reactive inhibitory control more effec-

tively and make fewer errors. 

Thus, FOG is a sensitive functional marker of 

the spatial organization of cerebral circulation 

during mental activity. Earlier changes were 

found for the «axis of reactive control», as one 

develop into mental activity, there is also an in-

crease in the indicators of FOG of the «cognitive 

axis» and FOG of the left hemisphere. Promising 

indicators for predicting the success of mental 

activity were the nature of reactive changes in 

the total FOG and the «axis of reactive control» 

in the first minute of mental load.

 
References 
AZATYAN T.YU. & GRIGORYAN S.V. (2018): Comparative analysis of blood filling gradients in different 

brain basins in healthy and mentally retarded children according to the results of rheoencephalography. 

Natural and technical sciences: theory and practice, 6, 4(30), 39–44. 

BAZHENOV A.E., BERSTNEVA M.D. & PRODIUS P.A. (2021): Study of neurophysiological and hemo-

dynamic indicators in persons with high and low levels of executive control. Opera Medica et Physio-

logica 8(2), 5–14. doi: 10.24412/2500-2295-2021-2-5-14. 

BLAGOSKLONOVA N.K. & NOVIKOVA L.A. (1994): Children's clinical electroencephalography. Mos-

cow: Medicine, 205 pp. 

CHUB I.S., BOREIKO A.P., KUNAVIN M.A., CHERKASOVA A.S. & PREMININA O.S. (2021): Features 

of cerebral hemodynamics in students in the process of performing a cognitive task. Intern. magazine 

applied and fundamental research 2, 16–20. 

COLOM R., HAIER R.J., HEAD K., ÁLVAREZ-LINERA J., QUIROGA M.A., SHIH P.C. & JUNG R.E. 

(2009): Gray matter correlates of fluid, crystallized, and spatial intelligence: Testing the P-FIT model. 

Intelligence 37, 124–135.   

DZHEBRAILOVA T.D. & KOROBEINIKOVA I.I. (2013): Spatial Organization of the Beta2 EEG Fre-

quency Band and Effectiveness of the Intellectual Activity in Humans. Journal of Higher Nervous Ac-

tivity 63(6), 667–676. 

GOMEZ P., RATCLIFF R. & PEREA M.A. (2007): Model of the go/no-go task. Journal of Experimental 

Psychology: General 136(3), 389–413. 



STUDY OF THE RELATIONSHIP BETWEEN THE SPATIAL ORGANIZATION OF CEREBRAL CIRCULATION  

AND THE CONTROL OF COGNITIVE FUNCTIONS 

  Opera Med Physiol. 2023. Vol. 10 (3)  |  139 

ISAEVA I.V., SHUTOVA S.V. & MAKSINEV D.V. (2005): Dynamics of development of cognitive func-

tions in schoolchildren. Bulletin of TSU 10(1), 24. 

LEUSHINA L.I. & NEVSKAYA A.A. (2004): Differences in the hemispheres in the processing of visual 

information and recognition of visual images. In: Functional interhemispheric asymmetry (Eds Bogo-

lepov N.N. & Fokin V.F.), pp. 293–315, Moscow: Nauchny Mir. 

MAREK S. & DOSENBACH N.U.F. (2018): The frontoparietal network: function, electrophysiology, and 

importance of individual precision mapping. Dialogues Clin. Neurosci. 20, 133–140. 

NEUROSOFT (2008):  Complex rheographic "Rheo-Spectrum". Methodical instructions, 142 pp.  

NIENDAM T.A., LAIRD A.R., RAY K.L., DEAN Y.M., GLAHN D.C. & CARTER C.S. (2012): Meta-

analytic evidence for a superordinate cognitive control network subserving diverse executive functions. 

Cogn Affect Behav Neurosci. 12, 241–68. 

PEIRCE J.W. (2009): Generating stimuli for neuroscience using PsychoPy. Frontiers in Neuroinformatics 

2(10), 1–8. 

PRODIUS P.A., BAZHENOV A.E. & BERSTNEVA M.D. (2023): Asymmetry of cerebral circulation in the 

basin of the internal carotid arteries in students with short-term mental stress: relationship with the ef-

fectiveness of behavior control. J. Med. Biol. Res. (Biol. Sci.) 11(2), 184–196. 

RAZUMNIKOVA O.M. (2003): Reflection of the structure of intelligence in the spatiotemporal features of 

the background EEG. Human Physiology 29(5), 115–122. 

SOKOLOVSKAYA I.E. (2001): Peculiarities of the EEG in childhood. In: Neurophysiological research in 

the clinic (Ed Shchekutiev G.A.), pp. 102–114, Moscow: Antidor. 

SVIDERSKAYA N.E. (2009): Functional Asymmetry Forms of Human Background Spatial EEG-Organi-

zation. Journal of Higher Nervous Activity named after I.P. Pavlov 59(1), 66–74. 

SVIDERSKAYA N.E. (2011): The influence of information overload on the quality of creative activity and 

the spatial organization of the electroencephalogram. Human Physiology 32(6), 28–34. 

ZALTSMAN A.G. & MEYERSON YA.A. (1990): On the role of the right and left hemispheres of the brain 

in the process of perception of visual information. Human Physiology 16(5), 29–41. 

ZARIPOV V.N. & BARINOVA M.O. (2012): Hemodynamic changes in cerebral blood flow under the in-

fluence of mental load in female students with different types of temperament. Vestn. Ivan. state univer-

sity, Ser.: Natural, social sciences 2, 14–22. 

ZHIRMUNSKAYA E.A. (1991): Clinical electroencephalography. Literature review and prospects for us-

ing the method. Moscow: MEYBI, 118 pp. 

ZHIVOTOVA V.A. & VORONOVA N.V. (2010): Rheoencephalographic study of asymmetry of cerebral 

blood flow in children aged 8-11 years at rest and during the performance of an information load. In: 

Modern trends in the study of functional interhemispheric asymmetry and plasticity of the brain. Pro-

ceedings of the All-Russian Conference with international participation. (Eds Illarioshkin S.N. &  

Fokin V.F.), pp. 144-148, Moscow: Scientific world.  




