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Introduction. Neurofeedback is a type of biofeedback that targets brain rhythms. The prospects for its application in rehabilitation and
sports medicine stem from its non-invasive and non-pharmacological nature of changing the functional state through controlled parameters
and body functions. At present, alpha-rhythm neurofeedback training is widely used in sports medicine, whereas the effects of beta-rhythm
neurofeedback remain largely unexplored.

Objective. The study aims to investigate the effect of beta-rhythm neurofeedback training on the functional state of body systems in male
athletes during intensive training camps conducted in the mid-mountains.

Materials and methods. The study involved 47 highly qualified male athletes divided into a main group of 27 individuals (median age:
21 [18; 24] years) and a control group of 20 individuals (median age: 20 [18.5; 22.5] years). A neurofeedback session targeting beta rhythms
consisted of a graphic session (10 min) and a game session (16 min); the course comprised 8-10 sessions. Along with psychophysiological
testing, the physiological parameters of the cardiovascular, respiratory, and nervous systems were recorded before the first and after the last
sessions. Statistical data processing was performed using Statistica 13.0 software.

Results. A comparison of the parameters of bodily functions in male athletes before and after the neurofeedback training course showed a
decrease in physiological strain, as evidenced by heart rate variability, hemodynamics, respiratory parameters, and galvanic skin response.
Also, the indicators of mental performance and beta rhythms were noted to increase relative to the control.

Conclusions. The course of neurofeedback training targeting beta rhythms was found to have a positive effect in male athletes, which
manifested itself in improved function of the central and autonomic nervous systems, increased cardiac efficiency, and optimization of the
respiratory cycle. The obtained results open up prospects for athletes to achieve higher performance by reducing physiological strain and,
consequently, fatigue during intensive activities.
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BMMAHUE HENPOBUOYMNPABJIEHUA NO BETA-PUTMY MOJIOBHOIO MO3IrA
HA ®YHKUMOHAJIbHOE COCTOAHUE OPTAHU3MA CIMOPTCMEHOB-MY>XX41H B NMEPUNO[,
YYEBHO-TPEHMPOBOYHbIX CBOPOB B YCJIOBUAX CPEAHEIOPbS

KO.B. KopsirmHa™, KO.B. KywHapega', C.B. HonuvH!, A.C. HonuH?, O.C. 36uukas’, C.M. AbyTtannumosa’

" CeBepo-KaBkasckuin hefepanbHblil HayYHO-KIMHUYECKUIA LeHTp PeaepanbHOro Meamko-61onorm4eckoro areHTcTea, EcceHTyku, Poccust
2 Poccuiickuii yHuBepcuteT MeavumHbl, Mocksa, Poccust

BeepeHune. HenpobroynpasneHue — TEXHOMOMMS, OCHOBaHHaA Ha MpuHUMNax 6uonorm4eckon obpaTtHoM CBS3M MO pPUTMaM rOfIOBHOMO
Mo3ra. [NepcrnexkTuBbl ero MPUMEHEHWS B BOCCTAHOBUTENBHOW 1 CMOPTUBHOM MEAMLIMHE CBA3LIBAIOT C HENHBA3VBHLIM 1 HedhapMakonoru-
YEeCKM BO3OENCTBMEM, BbI3bIBAIOLLIMM N3MEHEHNS PYHKLIMOHAIBHOMO COCTOSIHUS MO ynpaBAseMbIM napamMeTpam 1 QyHKUMSM opraHmu3ma.
B HacTosLee Bpems B CMOPTUBHON MeAVLMHE LUMPOKO MPUMEHSAETCS HEMPOOroynpasneHne no ansMa-puTtMy ro0BHOro MO3ra, B TO BPEMS
Kak 9 ek Tbl HenpPobroynpaBneHVs No 6eTa-pUTMy NPaKTUYECKN He NccnenoBaHsl.

Lenb. V3y4yerve BAnsSHUS Henpobroynpasnenns no 6eta-puTMy rofaoBHOMO Mo3ra Ha (PyHKLIMOHaIbHOE COCTOSIHME CUCTEM OpraHuM3ma
CMOPTCMEHOB-MY>XHVH B MEPUOL, UHTEHCKBHbBIX TDEHUPOBOK Ha Y4eBHO-TPEHMPOBOUHBIX COOPAax B YCNOBUAX CPEAHErOPbS.

Marepuanbl n MeTofbl. B nccnegosaHnm NpuHsNn y4acte 47 CnopTCMEHOB-MY>XXHMH BbICOKOWN KBanMukaumm, pasaeneHHbIX Ha OCHOB-
Hyto rpynny (OF) — 27 yen., MegmanHbii BospacT 21 [18; 24] roa, koHTposbHyto rpynny (KM — 20 ven. meamaHHbii Bo3pacT 20 [18,5; 22,5]
net. CeaHc HenpobuoynpasneHnsa no 6eTa-puTMy rofoBHOrO Mo3ra Bkodan rpaduyeckyto (10 MyH) 1 nrposyto (16 MUH) ceccuu, Kypc
cocTosin n3 8-10 ceaHcos. Nepen NepBbIM 1 NOCAE NOCNEAHEro NPOBOAUAV PerncTpaumto Mranonorm4eckinx napameTpoB cepaeyHo-
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COCYANCTOW, AblIXaTeNbHOM 1N HEPBHOWM CUCTEM N NCUXO(U3MONOrndeckoe TecTupoBanme. CtaTuctndeckas obpadoTka AaHHbIX BbINOHEHA
C MOMOLLIbIO KOMMbIOTEPHOW MporpaMmmbl Statistica 13.0.

Pesynbtatbl. CpaBHeHWe napameTpoB (OYHKLMI OpraHM3mMa CrOPTCMEHOB-MY>XXHMH OO 1 MOCMe Kypca HepobuoynpaBieHns nokasano
CHKEHNE (DU3MONOMMHECKOrO HaMPsXKEHVS MO AaHHbIM BaprabenbHOCTU CEepAeYHOro puUTMa, reMoavHaMuKK, nokasaTenelt OblXxaHus
N KOXXHO-ranbBaHu4eckorn peakumm. OgHOBPEMEHHO C 3TVUM OTMEYEHO MOBbILLEHNE NoKasaTenern NCMXM4eckon paboTocnocobHoCTH 1 be-
Ta-puTMa rofIOBHOMO MO3ra Mo OTHOLLEHWIO K KOHTPOJHO.

BbiBOAbI. YCTAHOBNEHO MONOXUTENBHOE BAVSIHUE NMPUMEHEHNSA Kypca HeMpobunoynpaBnienrms no 6eTa-puTMy rofoBHOro Mo3ra y CrnopT-
CMEHOB-MY>X4H, MPOSABASIOLLEECS B YAyYLLIEHUM paboTbl LEHTPaNbHOM 1 BEreTaTVBHOWM HEPBHOWM CUCTEM, MOBbILLEHU 3KOHOMU3aLMUN Cep-
OEYHOM OeATEeNbHOCTY U ONTUMM3aLIMN UK AblXxaHus. [onyveHHble pesybsTaTbl OTKPbIBAKOT NEPCNeKTMBbI JOCTUXKEHWS CMOPTCMEHaMM
6onee BbICOKOW paboTOCMNOCOOHOCTN 3a CHET CHUKEHUST PU3UOOTMHECKOIO HAMPSXKEHNSA U, KaK CNeacTBME, MPOLECCOB YyTOMIIEHNS B YC-
NOBUSIX HANPSXKEHHOW AeATENBHOCTU.

KntouyeBble cnoBa: CropTCMeEHbI; He|71p06moynpasneH|/1e; PYHKLMOHabHbIE BO3MOXKHOCTW; PUTMbI FTOJIOBHOMO MO3ra; HEpPBHAA CUCTEMA;
cepgedHo-cocygmncTasa cnctemMa
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INTRODUCTION

Neurofeedback is a form of biofeedback that targets
electroencephalographic (EEG) parameters and is effec-
tively applied in many fields of medicine [1-3] and sports
[4-7]. The prospects for using neurofeedback training to
target brain rhythms in rehabilitation and sports medi-
cine stem from its non-invasive and non-pharmaco-
logical influence on a person, inducing changes in the
functional state through controlled parameters and body
functions. A number of researchers have studied the in-
fluence of alpha-rhythm neurofeedback on the human
body, including athletes [3-5, 7].

Beta-rhythm neurofeedback has been applied quite
successfully to psychophysiological conditions such as
autism and attention deficit hyperactivity disorder [8,
9]. Given the need for athletes to manage their state
and function effectively under conditions of high men-
tal stress, this method could hold significant promise.
However, research on the effect of beta-rhythm neuro-
feedback in sports science and practice is very limited
[6]; specifically, a comprehensive approach to studying
its influence on the state of body systems is insufficiently
described. Therefore, in order to enhance the functional
capabilities and recovery of athletes, it is relevant to find
empirical and scientific validation for the use of beta-
rhythm neurofeedback within the system of biomedical
support for high-performance sports.

The study aims to examine the effect of beta-rhythm
neurofeedback training on the functional state of body
systems in male athletes during intensive training camps
conducted in the mid-mountains.

MATERIALS AND METHODS

The study was conducted at the Rehabilitation and
Recovery Center for athletes of Russian national teams
(Yug Sport, Kislovodsk) at an altitude of 1240 m above
sea level. It involved 47 highly qualified male athletes
(Candidate Masters of Sports, Masters of Sports, and
International Masters of Sports). The athletes were di-
vided into a main group (MG) of 27 individuals (median
age: 21 [18; 24] years) and a control group (CG) of 20
individuals (median age: 20 [18.5; 22.5] years). In both
observation groups, athletes engaged in various sports
(archery, figure skating, badminton, freestyle wrestling,
sumo, powerlifting, orienteering (ski disciplines), judo,
and freestyle skiing) were represented proportionally.
The inclusion criteria were as follows: highly qualified
athletes undergoing high training loads. The study ex-
cluded athletes who refused to participate in the study
or had acute illnesses and injuries.

The MG athletes completed a course of neurofeed-
back training — biofeedback training targeting beta
rhythms — during the training camp period. The CG
athletes followed the traning plan adopted by the camp,
which did not include this neurofeedback course. The
study was conducted during the preparatory training
period, during which athletes typically had two intensive
training sessions daily. All studies began on the 2nd and
3rd day of the training camp, which lasted 14-15 days.
The studies were conducted in the first half of the day
(before training sessions), while neurofeedback sessions
took place in the morning and afternoon in the athletes’
free time.
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Beta-rhythm neurofeedback was implemented using
a multi-channel BI-012-2 device with “Boslab” software
(COMSIB, Novosibirsk). This setup enables simultane-
ous monitoring and recording of an electroencephalo-
gram (EEG, CZ-FZ bipolar electrode montage; reference
electrode placed on the earlobe as per the international
10-20% electrode placement system), a forehead mus-
cle electromyogram (EMG, active electrode placement:
frontal belly of the occipitofrontalis muscle, with a 3—4 cm
distance between electrode centers and with the refer-
ence electrode placed between the active ones), elec-
trocardiogram (ECG, active electrode placement: su-
praclavicular fossae, with the reference electrode placed
on the trapezius muscle), a photoplethysmogram (PPG,
sensor placement on the distal phalanx of the 2nd finger
of the dominant hand), and respiration (sensor place-
ment: xiphoid process). The methodology is aimed at
increasing activity in the beta range.

A beta-rhythm neurofeedback session included a
graphic session (10 min, auditory feedback) and a game
session (16 min, visual feedback); the course consisted
of 8-10 sessions. Beta training effectiveness was calcu-
lated by the software based on the dynamics of the aver-
age amplitudes of beta and theta rhythms during moni-
toring before and after each training session. Training
was considered effective upon achieving a beta-rhythm
increase and a theta-rhythm decrease. Before the first
and after the last neurofeedback session, physiological
signals were recorded, and psychophysiological testing
was performed (using the “Sports Psychophysiologist”
hardware and software system (NMC Analyst, Omsk)).
This assessed the properties of the nervous system
based on the individual unit of time (IUT), mental per-
formance using the Schulte test, and personal and situ-
ational anxiety using the Spielberger—Khanin question-
naire [12].

Statistical data processing was performed using
Statistica 13.0 software. Standard descriptive statis-
tics were calculated: median (Me); upper [Q1] and lower
[Q3] quartiles. These indicators were compared using
non-parametric tests: the Wilcoxon test (to analyze the
dynamics of data in two dependent groups) and the
Mann-Whitney U-test (to assess differences between
two independent groups).

RESULTS

The conducted study revealed no statistically significant
differences in the parameters of psychophysiological
status, heart rate variability (HRV), and brain rhythms
in the MG and CG athletes prior to the course of beta-
rhythm neurofeedback. The baseline parameters of the
nervous and cardiovascular systems were within physi-
ological norms.

A comparison of data on the psychophysiological
status of MG athletes before and after the biofeedback
training course yielded low levels of situational anxi-
ety (prior to training: 28 [25; 32] points; after training:
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28 [23; 31] points) and personal anxiety (prior to train-
ing: 29 [26; 31] points; after training: 29 [25; 32] points),
indicating no statistically significant changes. The CG
athletes also exhibited no statistically significant chang-
es in the levels of situational (prior to training: 33 [28;
37.5] points; after training: 30 [24; 36] points) and per-
sonal anxiety (prior to training: 31 [28; 33.5] points; af-
ter training: 29.5 [24.5; 37.5] points). The IUT was 0.92
[0.88; 0.96] a.u. in the MG and 0.92 [0.88; 0.97] con-
ventional units in the CG, corresponding to the san-
guine, balanced type of higher nervous activity. This is
consistent with previously obtained and published data
on the predominance of the sanguine temperament
among highly qualified athletes [13].

An assessment of mental performance parameters,
conducted in the MG before and after the biofeed-
back training course using the Schulte test, revieled
a statistically significant (p < 0.0001) improvement in
the cognitive performance efficiency (prior to train-
ing: 36.91 (30.02; 44.78) s; after training: 32.28 [27.17;
37.53] s (Fig. 1A)), cognitive activation (prior to training:
1.002 [0.903; 1.102] a.u.; after training: 0.904 [0.852;
0.936] a.u., p < 0.004 (Fig. 1B)), and mental stability
(prior to training: 1.02 [0.925; 1.118] a.u.; after training:
0.95 [0.887; 1.035] a.u., p < 0.05). In the CG, no statis-
tically significant changes were observed in the cogni-
tive performance efficiency (Fig. 1A), cognitive activation
(Fig. 1B), and stability.

In addition, cognitive activation was statistically
significantly lower (better) in the MG (0.904 [0.852;
0.936] a.u.) after the training course as compared to
the CG (1.01 [0.853; 1.115] a.u.), whereas before the
training no statistically significant differences were ob-
served (Fig. 1B).

An analysis of time-domain HRV parameters in the
MG athletes before and after the beta-rhythm neuro-
feedback training course (Table 1) revealed a statistically
significant decrease in heart rate (HR) (p < 0.04), as well
as in the number of successive RR intervals differing
by over 20 ms (pNN20) (p < 0.05) and by over 10 ms
(PNN10) (p < 0.05). The CG athletes exhibited a statisti-
cally significant decrease in the HR and stress index (Sl)
(b < 0.02). Also, after the training course, the MG ath-
letes showed an upward trend in the average duration
of RR intervals, the standard deviation of RR intervals
(SDNN), the mode (Mo), and the autonomic index (Al),
as well as a downward trend in the stress index (Sl), as
compared to baseline data.

The frequency-domain analysis of HRV in athletes
who completed the training course (MG) indicates
a statistically significant increase in the power of very
low frequency (VLF) waves (before: 490.25 [207.26;
111516] ms?, after: 890.23 [309.16; 1957.22] ms?,
p < 0.04) (Fig. 2A) and an increase in the VLF power
as a percentage of the total spectral power (%VLF) (be-
fore: 31.74 [15.12; 42.18]%; after: 40.23 [28.85; 53.63]%,
p < 0.01) (Fig. 2B). In the CG, no statistically significant
changes in these parameters were found. By the end of
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Fig. 1. Cognitive performance efficiency (A) and cognitive activation (B) of male athletes in the main and control
groups before and after the course of beta-rhythm neurofeedback training: MG — main group; CG — control group;
TC — training camp

Table 1. Time-domain parameters of heart rate variability in the main and control groups before and after the
course of beta-rhythm neurofeedback training (monitoring phase)

MG (n = 27) CG (n = 20)
Parameters
Before training After training At the TC beginning At the TC end
RR, ms 764.26 [663.91; 825.18] | 792.21 [747.25; 881.17] | 724.03 [662.14; 862.36] | 823.32 [763.6; 887.09]
SDNN, ms 44.78 [28.46; 65.64] 50.43 [44.43; 73.8] 49.87 [33.18; 67.69] 57.67 [48.53; 83.17]
Mode, ms 775 [675; 825] 825 [725; 875] 725 [675; 875] 800 [750; 875]
HR, bpm 83.01 [73.15; 91.07] 75.59 [68.38; 80.58]* | 83.23 [70.15; 90.83] 73.3 [68.01; 78.8]*
S, a.u. 61.94 [26.58; 120.14] 51.42 [29.12; 96.07] 55.27 [34.19; 128.22] | 44.71 [23.18; 76.09]*
Al % 6.42 [4.73; 10.43] 7.63 [5.38; 9.07] 6.84 [4.94; 10.5] 7.79 [6.21; 9.96]
LF/HF, a.u. 2.08[0.78; 2.85] 1.76 [1.14; 2.98] 1.7 [0.59; 3.28] 1.79 [0.69; 3.39]
PNN50, % 10.47 [0.8; 36.84] 10.48 [3.31; 30.41] 13.56 [2.12; 42.44] 15.29 [4.75; 35.86]
PNN20, % 45.07 [11.07; 62.21] 47.04 [35.88; 64.23]* 39.91 [24.34; 76.34] 54.37 [36.22; 69.52]
pNN10, % 70.32 [42.19; 82.07] 71.37 [67.13; 82.51]* 68.43 [54.95; 88.25] 76.19 [66.2; 84.07]

Table compiled by the authors based on their own data

Note: Data are presented as median and interquartile range Me [Q1; Q3]; RR — mean RR interval length; SDNN — standard deviation of RR
intervals; MG — main group; CG — control group; Mode (Mo) — the most frequently occurring value of RR interval duration; HR — heart rate;
S| — stress index of regulatory systems; Al — autonomic index; LF/HF — ratio of low-frequency to high-frequency power in the heart rate vari-
ability spectrum; pNN50 — number of successive RR intervals differing by > 50 ms; pNN20 — number of successive RR intervals differing by
> 20 ms; pNN10 — number of successive RR intervals differing by > 10 ms, TC — training camp; * — p < 0.05, * — p < 0.02 — according to
the Wilcoxon test; a.u. — arbitrary units; bpm — beats per minute.

Brain rhythm parameters, specifically the beta
rhythm, in the MG before and after the neurofeedback
course and in the CG (Table 2) revealed statistically
significantly higher beta rhythm amplitudes (p < 0.05)
and lower values of the theta rhythm index (p < 0.05)
in the MG athletes at the end of the training camp as

the training camp, the amplitude of the mode (AMo) —
the proportion of RR intervals falling within the modal
range relative to all intervals — decreased both in the
MG (before: 44.37 [30.26; 57.59]%; after: 40.03 [28.35;
48.6]%) and CG (before: 45.17 [30.67; 57.63]%; after:
35.69 [29.61; 44.86]%).
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Fig. 2. Indicators of the power of very slow (very low frequency, VLF) waves (A) and the percentage of very slow
waves (B) in the main and control groups before and after the course of beta-rhythm neurofeedback training:

MG — main group; CG — control group; TC — training camp

Table 2. Brain rhythm parameters in the main group (before and after the neurofeedback course) and the
control group based on the beta activity (monitoring phase), Me [Q1; Q3]

Main group [n = 27]

Control group [n = 20]

Parameters
Before After TC beginning TC ending
Alpha rhythm amplitude, pV 2.16 [2; 2.83] 2.22 [1.74; 2.86) 1.89 [1.58; 2.5] 1.91 [1.57; 2.15]
Beta rhythm amplitude, pV 1.52 [1.32; 1.8] 1.64 [1.25; 1.8]* 1.49 [1.18; 1.6] 1.33 [1.2; 1.63]*
Theta rhythm amplitude, uV 2.56 [2.24; 3] 2.57 [2.18; 3.03] 2.38 [2.03; 3.11] 2.51 [2; 2.72]
Theta/Beta ratio, a.u. 1.73[1.5; 2.08] 1.75 [1.53; 2.2] 1.89 [1.63; 2.27] 1.89 [1.7; 2.11]

Alpha rhythm index, %

35.49 [30.69; 38.9]

34.67 [29.95; 37.08]

31.17 [29.29; 36.96]

32.27 [30.38; 34.24]

Beta rhythm index, %

24.37 [22.14; 26.85]

23.95 [21.8; 27.18]

23.87 [22.14; 26.8]

24.39 [21.91; 26.29]

Theta rhythm index, %

38.98 [36.19; 44.91]

40.88 [36.5; 45.6]*

43.32 [38.93; 47.85]

43.52 [41.13; 48.07]*

Table compiled by the authors based on their own data

Note: Data are presented as median (Me) and interquartile range [Q1; Q3]; index — the proportion of rhythm power relative to the power of
other rhythms; TC — training camp; * — p < 0.05 — significant differences between the main group after the neurofeedback course and the

control group at the end of the training camp according to the Mann-Whitney U-test.

compared to the CG. After the training, the MG athletes
exhibited an upward trend in the amplitude of alpha and
beta brain rhythms, while in the CG, the amplitude of the
beta brain rhythm decreased. The brain rhythm analysis
performed during the first and last (mostly the eighth)
biofeedback training sessions showed no statistically
significant changes in EEG rhythm parameters.

An analysis of respiratory parameters in the MG
and CG before and after the beta-rhythm neurofeed-
back course indicates only one statistically significant
change in the MG: the ratio of inhalation to exhalation
duration (before: 0.716 [0.674; 0.777] a.u.; after: 0.753
[0.692; 0.831] a.u., p < 0.05). Conversely, the CG ath-
letes exhibit no statistically significant changes. Also, the
MG showed an upward trend in the duration of the re-
spiratory cycle (before: 3.52 [3; 4.18] s; after: 3.65 [3.18;
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41] s) and exhalation (before: 2.06 [1.71; 2.63] s; after:
212 [1.85; 2.61] s).

The indicators of general psychophysiological strain
in the MG after the neurofeedback course and in the CG
revealed no statistically significant changes. However,
the MG athletes exhibited a non-significant downward
trend in the amplitude of total bioelectrical activity in
the forehead muscles (before: 7.39 [6.45; 8.48] pV; af-
ter: 6.23 [56.52; 7.84] pV), skin conductance level (before:
416 [2.21; 6.34] pS; after: 2.73 [2.06; 6.54] pS), and skin
conductance amplitude (before: 0.259 [0.13; 0.369] uS;
after: 0.199 [0.111; 0.346] pS). This indicates a reduction
in general psychophysiological strain.

Both before and after the beta-rhythm neurofeed-
back course, the central hemodynamic parameters in
the MG were within the physiological norm; however,
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their analysis based on photoplethysmography data
showed a statistically significant increase in the sys-
tolic wave amplitude on the photoplethysmogram af-
ter the course (before: 889.64 [601.31; 1359.57] mV;
after: 1012.98 [759.76; 1413.33] mV, p < 0.04). Also,
the MG athletes exhibited a downward trend in the
indicator of the adequacy of regulation processes
(IARP) (before: 60.92 [38.06; 78.3] a.u.; after: 47.37
[33.98; 67.59] a.u.). No changes in these parameters
were found in the CG.

DISCUSSION

In many sports, training effectiveness significantly de-
pends on the athlete’s ability to concentrate under con-
ditions of high emotional stress. A large number of works
are available on the implementation of alpha-stimulating
neurofeedback into the training process [4, 5, 7, 12-16].
Published research indicates that alpha-rhythm neuro-
training contributes to a more stable psycho-emotional
state under competitive conditions by reducing pre-start
tension [17]. The influence of alpha-range neurofeed-
back on HRV parameters, hemodynamics, and maximal
oxygen consumption during exercise testing is reported
in athletes [5]. The positive effect of neurotraining on the
emotional state and psychophysiological functions of e-
sports athletes is noted [18]. Portuguese scientists show
that a repeated course of alpha-rhythm neurofeedback
can improve cognitive abilities in athletes [7]. However,
these studies examine the application of neurofeedback
targeting only alpha rhythms.

The present study examines the effect of neurofeed-
back training targeting beta rhythms, which are asso-
ciated with higher cognitive processes and concentra-
tion; excessive beta rhythm activity signals physiological
strain and anxiety. Since sports activities involve high
physical and psycho-emotional stress, the sessions
were aimed at reducing the strain on the body’s physi-
ological systems (increased efficiency; achievement of
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