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Introduction: Modern EEG technology can evaluate the current level of an individual’s central functioning

after analyzing the frequency of brain waves (I). The A wave (8 ~ 14Hz) of brain waves (EBG) is one of the
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most important index parameters in diagnosing the brain’s central functioning level. Objective: To explore

education, ZheJiang Industry

Polytechnic College, China. the effects of different training loads on the brain function of elite archers and provide an objective basis

for improving the scientific level of archery training. Methods: The effects of EEG information and central
Correspondence nerve transmitters on athletes’ regulation and training were analyzed by testing and statistical methods.
Chao Zhu Results: Both HL-LLI and LL-HLI stages showed a decreasing trend in EEG complexity. Although the differ-
Shaoxing, Zhejiang, China, 312000. ences between the two stages were not significant all of them were considerably lower than the LL-LLI
20020012@zjipc.edu.cn stage. The number of athletes with central fatigue in both stages showed an increasing trend. Conclusions:

Athletes in training also need to focus on recovery after training, which requires a view of scientific training
and scientific recovery as an organic whole that cannot be separated. Level of evidence II; Therapeutic
studies - investigation of treatment results.
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RESUMO

Introdugdo: A moderna tecnologia do EEG pode avaliar o nivel atual do funcionamento central de individuos
ao analisar a frequéncia de ondas cerebrais (Il). A onda A (8 ~ 14Hz) de ondas cerebrais (EBG) é um dos pard-
metros indicadores mais importantes no diagndstico do nivel de funcionamento central do cérebro. Objetivo:
Explorar os efeitos de diferentes cargas de treinamento na fun¢do cerebral de arqueiros de elite e fornecer uma
base objetiva para melhorar o nivel cientifico de treinamento de arca e flecha. Métodos: Os efeitos de informagdes
do EEG e da transmissdo de nervos centrais na requlacao e no treinamento de atletas foram analisados através
de testes e métodos estatisticos. Resultados: Tanto a fase HL-LLI quanto a LL-HLI demonstraram uma tendéncia
decrescente na complexidade do EEG. Apesar das diferencas entre as duas fases ndo serem significativas, todas
eram consideravelmente mais baixas do que a fase LL-LLI. O nimero de atletas com fadiga central nas duas
fases demonstrou uma tendéncia crescente. Conclusées: Atletas em treinamento devem também ficar atentos a
recupera¢do apds o treinamento, o que exige uma visao de treinamento cientifico e recupera¢do cientifica como
um todo orgdnico que nédo pode ser separado. Nivel de evidéncia Il; Estudos terapéuticos — investigacdo
de resultados de tratamento.

Descriptores: Eletroencefalograma; Esportes; Ondas cerebrais.

RESUMEN

Introduccién: La moderna tecnologia del EEG puede evaluar el nivel actual del funcionamiento central de
individuos al analizar la frecuencia de ondas cerebrales (I1). La onda A (8 ~ 14Hz) de ondas cerebrales (EBG) es uno
de los pardmetros indicadores mds importantes en el diagnéstico del nivel de funcionamiento central del cerebro.
Objetivo: Explorar los efectos de diferentes cargas de entrenamiento en la funcién cerebral de arqueros de élite y
brindar una base objetiva para mejorar el nivel cientifico de entrenamiento de arco y flecha. Métodos: Los efectos de
informaciones del EEG y de la transmision de nervios centrales en la regulacién y en el entrenamiento de atletas se
analizaron a través de pruebas y métodos estadisticos. Resultados: Tanto la fase HL-LLI como la LL-HLI demostraron
una tendencia decreciente en la complejidad del EEG. Pese a que las diferencias entre las dos fases no sean signifi-
cativas, todas eran considerablemente mds bajas que la fase LL-LLI. El nimero de atletas con fatiga central en las
dos fases demostrd una tendencia creciente. Conclusiones: Atletas en entrenamiento deben también atentarse a
la recuperacion tras el entrenamiento, que exige una vision de entrenamiento cientifico y recuperacién cientifica
como un todo orgdnico que no puede separarse. Nivel de evidencia II; Estudios terapéuticos - investigacion
de resultados de tratamiento.

Descriptores: Electroencefalograma,; Deportes; Ondas cerebrales.
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INTRODUCTION

Modern EEG technology can evaluate the current level of central
function of subjects after analyzing the frequency of brain wave (Il), and
the A wave (8-14Hz) of brain wave (EBG) is one of the very important
index parameters in the diagnosis system of central function level of the
brain . At present, there are two main methods for evaluating the central
nervous function of athletes, subjective evaluation method and objective
evaluation method.? Subjective evaluation method is mainly to collectand
analyze the subjective information of athletes’'own body, neurofunctional
feelings and symptoms through paper-and-pen questionnaire survey, so as
to evaluate the central functional state of athletes. Its advantages are fast,
easy to operate and can be tested in large quantities, but its disadvantages
are that the scoring standard is not easy to be unified and susceptible
to the subjective factors of the subjects, therefore, the evaluation of the
psychological and physiological state of the athletes when their central
function level declines cannot be achieved by objective criteria.3*

METHOD
Subjects

The athletes in the experimental group were athletes from the
national archery team training team, and the ordinary people in the
control group were college students from Shanxi University. The subjects
in both groups were in good health, and no organic brain diseases were
observed.” (Table 1)

Test instrument and test method

Solar 1848 electroencephalograph produced by Beijing Sun Company
was adopted as the test instrument. The central neurotransmitter system
developed by Professor Mei Lei was used to conduct ultra-slow fluctuation
(SET) analysis on the collected EEG data, the Beckman sterling silver saddle
electrode was placed on the top of the athletes'heads in accordance with
the International Electroencephalogram Society standard installation
method (International 10/20 System Electrode Placement Method). The
test was carried out 1h after the end of the training course.®

Stage division

The EEG monitoring stage was selected in three training load com-
bination stages: LL-LLI stage (low load + low intensity training), where
the training schedule is primarily based on general techniques and
physical training, real archery is not more than 200 times a day, and
there is no scoring of real archery, mainly to experience the technical
movements and restore the special strength; HL-LLI stage (high load
+ low load intensity training), the training schedule for this stage is

RESULTS

EEG test results of National Archery Team athletes during
winter training

Comparison of central neurotransmitter indexes in the whole brain
of elite archers under different load states

Figure 1 showed that the distribution levels of 6 kinds of neurotrans-
mitters in the whole brain of athletes and ordinary people were in line
with the characteristics of “flying swallow”, and there was no significant
difference between the two groups?

DISCUSSION

Changes of routine EEG indexes of elite archers under di-
fferent training loads

In this study, these two conventional EEG indicators were also com-
pared (Table 2 and Table 3). The results showed as follows: 1) Under the
three load conditions, the a-band power value from the sports post area
to the occipital area showed a trend from low to high, while the B-band
power value did not show abnormal increase, which were in line with
the diagnostic criteria of normal EEG in routine EEG examination. It can
be concluded that the subjects in this study did not have pathological
EEG. 2) The alpha power of the parietary-occipital region in the HL-LLI
stage shows a significant downward trend. A decrease in alpha power
oftenindicates a decrease in the intensity of nerve cell firing, a decrease
in excitability was similarly recorded in the study of He Yang (2006). That
is to say, in the archery training, the increase in the number of actual
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Figure 1. Comparison of the distribution of neurotransmitters in the whole brain
between athletes and ordinary people in the LL-LLI training stage in this study.

Table 2. Comparison of power values in a band of athletes'EEG under different load
states in this study (2.

mainly technical training with 500 ~ 800 actual archery shoots per day Brain areas LL-LLI HL-LLI LL=HLI
and certain performance requirements for technical training, score real Fpl 40.12423.16 414242672 421143035
shots, mainly with a large number of real shots to carry out fine training Fp2 411742334 426142265 43.82+2847
on the overall skills of the athletes.” F3 4331+28.12 4567+24.16 44.75+26.32
. o F4 4245429.22 415842542 4299+27.36
Mathematical statistics G 50.74+27.03 4965+28.72 55.32+26.82
SPSS14.0 statistical software package was used to carry out multiple C4 526143141 53.26+2773 5441+29.72
comparison of each index of EEG of athletes in each stage, and t test was F7 5543+20.53 56.15+1867 5849+24.65
carried out on the mean value of each index of EEG before and after the F8 56.12+21.41 55.36+20.63 5741423.72
gpecial training class in the main stage. T3 60.33+26.73 64.91+27.21 65.33£29.23
T4 62.72+2744 65.11428.71 66.13+31.02
Table 1. List of basic information of research subjects. T5 7046+29.71 76.45+2837 75.34+29.15
Fixed number of year T6 72.15+30.54 75.14+30.23 76.41+31.32
Age (year old) . n
of the training (years) P3 88.32+51.71 56.45+28.68 86.41+52.39
Exper lms‘mal 227444 92421 36 P4 82.44+46.22 55.16+30.65 85.66+47.51
group athietes ol 162.77+89.88 117.78+91.32 162.29+8843
Control group 935451 There is no 3% 02 168.46+96.11 115.27+93 44 166.38+91.91
ord\nary people Note: * indicates significant difference from LL-LLI stage data, P < 0.05, same as below.
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Table 3. Comparison of EEG -band power values of athletes under different load
states in this study (wv?).

Brain areas LL-LLI HL-LLI LL=HLI
Fp1 20.32+11.56 24.12+12.82 22.51£10.95
Fp2 211941044 234141274 24.52+11.77
F3 233741142 259741236 40.85+2142
F4 22.15+11.02 215141082 422942237
3 1947+10.83 21454997 20.39+9.85
4 18.16+10.04 20.16£10.13 19.43+£10.22
F7 1447+7.53 1645+847 15.39+7.45
F8 15.16+7.41 15.16£7.77 16434842
T3 1847+8.73 1645+8.27 15.39+7.45
T4 16.16+8.44 15.16£7.73 16.43+8.28
T5 104746.73 1045£6.17 11.3945.55
T6 12161641 11.16+5.73 1243+6.02
P3 19.36+10.7 19.86+9.09 19.81+£9.58
P4 1521£7.29 16.95+9.63 17.67+7.99
01 16.98+9.88 16.78+9.34 16.21£9.28
02 15.66+8.31 15574821 15.34+8.97

archery branches, which represents the training load, can not improve
the excitability of the athletes'central nerves, on the contrary, it reduces
their training excitement. This suggests that the greater the load, the
greater the benefit, but should be set in a reasonable range of fluctuation.’

Changes of central neurotransmitters of elite archers under
different training loads

Based on the electroencephalogram (EEG) technique, the ultra-s-
low fluctuation of EEG is used to analyze the fluctuation of ultra-slow
wave in the frequency range of 1 ~ 255MHz. According to the principle
that the specific fluctuation frequency corresponds to some chemical
neurotransmitters, six kinds of central neurotransmitters in the brain
can be detected. These 6 central neurotransmitters are: Inhibitor (INH),
5-hydroxytryptophan (5-HT), acetylcholine (Ach), dopamine (DA), nore-
pinephrine (NE), excitatory mediator (EXC), previous studies have found
that the ultra-slow fluctuation parameters of EEG and central neurotrans-
mitters will change with the change of athletes’ brain functional state.
In this study, EEG ultra slow fluctuation (SET) analysis was performed for
three different levels of training load. The results showed that during the
LL-LLI training phase, the levels of 6 neurotransmitters in the athletes
presented a “swift" pattern (Figure 1), which was not different from the
ultraslow fluctuation pattern of normal human brain. Table 5 shows that,
on the one hand, the levels of 5- hydroxytryptophan (5-HT), which are
the body's endogenous active substances, show a significant upward
trend during the HL-LLI phase, which is consistent with previous studies.
It has been found by foreign scholars that 5-HT levels of the brain are

Table 4. Comparison of neurotransmitters in the whole brain of athletes between
LL-LLI and LL-HLI load states in this studly.

LL-LLI LL-HLI F P
INH 12.36+6.73 10.11+5.21 0.599 0.059
5-HT -3.96+543 6.17+3.27* 0.363 0.000
Ach 11.36£9.02 10.46+6.61 0537 0315
DA 10.74£5.23 1.63£2.11% 0.163 0.000
NE -2.28+4.34 -3.52+546 1.689 0.150
EXC 6.43%3.89 5.78+3.37 0.751 0.226

Table 5. Comparison of neurotransmitters in the whole brain of athletes between
LL-LLI and HL-LLI load states in this studly.

LL-LLI LL-HLI F P
INH 12.36+6.73 1147761 1.279 0.300
5-HT -3.96+543 7.964.29% 0.624 0.000
Ach 11.36+£9.02 14.539.66 1.147 0.077
DA 10.74+5.23 19.397.21* 1.900 0.000
NE -2.28+4.34 -2524.14 0910 0.405
EXC 6.43+3.89 5.78341 0.768 0.227

significantly increased after extremely long distance and low intensity
swimming or platform running. After this, Bailey (1993) further found
that increased levels of 5-HT in the brain were associated with burnout,
lethargy, decreased sleep quality and cortical inhibition. According to
Bailey, excess intracranial 5-HT may cause fatigue in the central system of
the human body. Thus, this may be another explanation of why athletes
are prone to central fatigue during the HL-LLI stage; On the other hand,
the levels of dopamine (DA) in the brain at this stage are lower than in
the LL-LLI stage.'

CONCLUSION

In the training process of National Archery Team, the change of sports
load has a certain influence on the level of central nervous function of
athletes, the load amount and load intensity of the National Archery
Team are arranged in a reasonable range. The fluctuating setting does
not have adverse effects on the athletes'central nervous system.There s a
significant difference in the power value of the frontal beta band between
the LL-HLI stage and the LL-LLI stage in archers. The increased intensity
of rapid discharge will lead to increased energy consumption and the
central nervous system is more prone to fatigue although its excitability
isimproved. Athletes in the training process also need to pay attention to
the recovery after training, which requires scientific training and scientific
recovery as an organic whole can not be separated from the view.

The author declare no potential conflict of interest related to this article

AUTHORS' CONTRIBUTIONS: The author made significant contributions to this manuscript. Chao Zhu: writing and performing surgeries; data analysis and performing surgeries; article review and intellectual

concept of the article.

REFERENCES

1. Park MG, ChoiJ,HongYS, Park CG, Kim BG, Lee SY, et al. Negative effect of methyl bromide fumigation
work on the central nervous system. PLoS One. 2020;15(8):e0236694.

2. Tillmans F, Sharghi R, Noy T, Kéhler W, Klapa S, Sartisohn S, et al. Effect of hyperoxia on the im-
mune status of oxygen divers and endurance athletes. Free Radic Res. 2019;53(5):522-534. doi:
10.1080/10715762.2019.1612890

3. TangBB,WeiX, Guo G, YuF,JiM, Lang H, et al. The effect of odor exposure time on olfactory cognitive
processing: An ERP study. J Integr Neurosci. 2019 Mar 30;18(1):87-93. doi: 10.31083/}.,jin.2019.01.103

4. Narisawa H, Takahashi T, Yagi T, Chiba S, Sasaki M. Features of electroencephalographic changes and
autonomic nervous activity during sleep onset period of the patients with difficulty falling asleep.
Japanese Journal of Biofeedback Research. 2019;46(1):11-8.

5. Tolmacheva RA, Obukhov YV, Zhavoronkova LA. The estimation of phase-coupled channels of
EEG signals by patients with traumatic brain injury during cognitive and motor tests. J Phys.
2019;1368(5):052018.

Rev Bras Med Esporte - Vol. 27, N2 7, 2021

6. LiB,WuY,He Q, Zhou H, Cai J. The effect of complicated febrile convulsion on hippocampal function
and its antiepileptic treatment significance. Trans| Pediatr. 2021;10(2):394-405. doi: 10.21037/tp-20-458

7. Torubarov F, Zvereva Z, Luk'Yanova S. Bioelectric Activity of the Brain in the Operational Personnel of
the Russian Nuclear Power Plant with a Low Level of Psychophysiological Adaptation. Meditsinskaya
Radiologiya i Radiatsionnaya Bezopasnost. 2021;66(2):29-35.

8. Abdullahi F, Unal C, Welcome MO, Mpi EN, Umar N, Muhammed A, et al. Beta and gamma EEG
oscillatory waves of the frontal cortex increase after wet cupping therapy in healthy humans. Journal
of Research in Medical and Dental Science. 2019;7(3):123-30.

9. Nazarchuk IA. Spectral EEG Characteristics in Patients with Neurological Spinal Cervical-Level
Disorders: Dependence on the Temperament. Neurophysiology. 2019;50(5):357-64.

10. Parfenov SA, Belov VG, Parfenov YA. [Dynamics of indicators of the functional state of the central
nervous system in Navy operators treated with cytoflavin after a long working cycle]. Zh Nevrol
Psikhiatr Im S S Korsakova. 2017;117(8):55-8. Russian.

705



	Introduction
	_Introduction_1
	_References_1
	References
	Appendix

