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ABSTRACT

Introduction: Athletes are prone to local muscle fatigue due to high-intensity training and to long-term
accumulation of musculoskeletal injuries. Musculoskeletal complications represent a large proportion of oc-
cupational health problems and, for this reason, have received increased attention from the sports industry. In
this sense, studies on muscle fatigue should be intensified. Objective: Verify muscle fatigue and injury involving
the strain characteristics of lower limb joints in the eccentric and centripetal contraction of the jump. Methods:
Atotal of 691 individuals aged 20 to 40 years were selected. Fatigue was caused by active muscle contraction.
The characteristic curves of active muscle contraction in different isometric, isotonic, and isokinetic training
were analyzed. The degree of fatigue caused by three different sports states was tested by experimentation.
The corresponding active muscle contraction characteristics were also analyzed. The potential for homeo-
stasis at different ages was compared. Results: The delay in recovery to fatigue is directly proportional to the
athlete’s age. The return to post-exercise relief proportion from fatigue gradually decreases. Conclusion: The
experimental results showed that active muscle contraction could reduce exercise fatigue to some extent.
This beneficial biochemical property of active muscle contraction is not found in people with advanced age.
The findings have a guiding potential for the relief of sports fatigue. Evidence Level II; Therapeutic Studies -
Investigating the result.
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RESUMO

Introducao: Os esportistas estdo propensos a fadiga muscular local devido ao treinamento de alta intensidade,
e ao actimulo de lesées musculoesqueléticas a longo prazo. As complicacées musculoesqueléticas representam
uma grande fatia dos problemas de satde ocupacional e por isso tém recebido maior aten¢do da industria es-
portiva. Nesse sentido, os estudos sobre a fadiga muscular devem ser aprofundados. Objetivo: Verificar a fadiga
e lesdo muscular envolvendo as caracteristicas de esforco das articulagbes dos membros inferiores na contracéo
excéntrica e contracdo centripeta do salto. Métodos: Foram selecionados 691 individuos com idade entre 20 a
40 anos. A fadiga foi ocasionada por contracdo muscular ativa. Foram analisadas as curvas caracteristicas da
contra¢do muscular ativa em diferentes estados nos treinos isométrico, isoténico e isocinético. O grau de fadiga
causado por trés estados esportivos diferentes foi testado através de experimentos. Também foram analisadas as
caracteristicas de contracGo muscular ativa correspondentes. O potencial de homeostase em diferentes idades foi
comparado. Resultados: O retardo na recuperacéo a fadiga é diretamente proporcional a idade do esportista. A
propor¢do de retorno ao alivio pds-exercicio sobre a fadiga diminui gradualmente. Concluséo: Os resultados expe-
rimentais mostram que a contragdo muscular ativa pode reduzir até certo ponto a fadiga ao exercicio. Os efeitos
dessas propriedades bioquimicas benéficas da contragcdo muscular ativa ndo séo encontrados em pessoas com
idade avancada. Os achados tem um potencial orientador para o alivio da fadiga esportiva. Nivel de evidéncia
II; Estudos Terapéuticos - Investigagdo de Resultados.

Descritores: Contracdo Muscular; Fadiga Muscular, Treino Aerébico; Esportes.

RESUMEN

Introduccion: Los deportistas son propensos a la fatiga muscular local debido al entrenamiento de alta
intensidad, y a la acumulacién de lesiones musculoesqueléticas a largo plazo. Las complicaciones muscu-
loesqueléticas representan una gran parte de los problemas de salud laboral y por ello han recibido una mayor
atencién por parte de la industria del deporte. En este sentido, hay que profundizar en los estudios sobre la
fatiga muscular. Objetivo: Verificar la fatiga muscular y las lesiones que implican las caracteristicas de esfuerzo
de las articulaciones de los miembros inferiores en la contraccion excéntrica y centripeta del salto. Métodos:
Se seleccionaron 691 individuos de entre 20 y 40 anos. La fatiga fue causada por la contraccién muscular
activa. Fueron analizadas las curvas caracteristicas de la contraccion muscular activa en diferentes estados en
el entrenamiento isométrico, isotdnico e isocinético. El grado de fatiga provocado por tres estados deportivos
diferentes se comprobd mediante experimentos. También se analizaron las correspondientes caracteristicas de la
contraccién muscular activa. Se comparé el potencial de homeostasis a diferentes edades. Resultados: El retraso
en la recuperacion a la fatiga es directamente proporcional a la edad del deportista. La proporcién de retorno
al alivio de la fatiga después del ejercicio disminuye gradualmente. Conclusién: Los resultados experimentales
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muestran que la contraccion muscular activa puede reducir la fatiga del ejercicio en cierta medida. Los efectos de estas
propiedades bioquimicas beneficiosas de la contraccion muscular activa no se encuentran en las personas mayores. Los
hallazgos tienen un potencial orientador para el alivio de la fatiga deportiva. Nivel de evidencia Il; Estudios terapéuticos -

Investigacion de resultados.

Descriptores: Contraccion Muscular; Fatiga Muscular; Entrenamiento Aerdbico; Deportes.
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INTRODUCTION

Muscles are the basic structure of the human body, and muscles
support various movements and behaviors. The theory of active muscle
contraction is an early study of muscles. Some early researchers have
proposed that the contraction characteristics and processes of muscles
are due to the contraction of human muscles caused by the elongation
and shortening of proteins and molecules in the human body." In the
structure of the human body, protein molecules have the behavior of
shortening or elongating. It is essentially the result of increased protein
folding by folding molecules. Or because the helical protein molecu-
les change the helical pitch or the diameter of the protein molecules
during the contraction process. Myofilament sliding theory advocates
those muscles will actively produce a relative sliding effect during the
deformation process when the length of the muscle remains unchanged.
This is the result of the interaction between the myosin of the muscle
and the other muscle units due to the myosin cross-bridge activity.

There are many theories about the mechanism of muscle fati-
gue. Due to the continuous excitement of the muscles, there will
be feedback in the relevant areas of the cerebral cortex. Inhibitory
protection measures will spread in the brain and feel muscle fatigue.?
As carbohydrates in the body are broken down into lactic acid, the
accumulation of lactic acid in the blood indirectly or directly leads to
a decrease in the physiological level of muscles. Especially after rapid
and strenuous exercise, the secretion of lactic acid in the human cell
fluid increases. After the H-ions in the body enter the cells, the hydro-
gen ion concentration index of muscle cells and fibers decreases. This
slows down the transmission of neurotransmitters to synaptic nerves,
causing nerve impulses to be unable to be transmitted to muscle cells.
This will cause the body to show a decline in the physiological level
of muscles. Studies have pointed out that if the reserve of adenosine
triphosphate cannot keep up with the consumption of muscles, exercise
will not last and cause fatigue. Some scholars believe that the secretion
of more free radicals (ROS) by muscle cells is also an important reason
for muscle fatigue. ROS is an unsaturated electronic substance that
captures electrons everywhere in the human body.? This also means
that a chemical reaction with compounds essential to life leads to the
destruction of the body’s cellular machinery and loss of function. The
physique of the mechanism of the normal state has a perfect physique
of elimination. However, the ROS content increases due to the muscle
fiber cell membrane rupturing under the condition of high-intensity
continuous intense exercise. This causes the accumulation of calcium
ions in the cell fluid and reduces the excitability of muscle fibers. This
affects the activity of biological enzymes, resulting in damage to cell
structure and reduced cell function because the mechanism of self-
-protection leads to sensory muscle fatigue.

This paper analyzes the characteristic curves of active muscle con-
traction in different states. The fatigue level under three different sports
states, isometric training, isotonic training, training characteristics under
isokinetic training. And the corresponding active muscle contraction
characteristics are tested through experiments.* The survey analyzed the
ability of people of different ages to relieve exercise fatigue underactive
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muscle contraction. Our curve test and relief analysis of dynamic mus-
cle contraction characteristics. The experiment tested the relationship
between the two in detail. Analyzed the recovery ability of people of
different ages to relieve exercise fatigue.

METHOD
The mechanism of active muscle contraction

Monolithic muscle contraction refers to the action potential in which
the action unit takes the entire muscle unit as a unit or a single muscle
fiber in the muscle generates a response with stimulation during muscle
contraction. Then the muscle unit performs a mechanical muscle con-
traction accordingly.> We call it a single contraction. Single contraction is
the basic form of muscle response. So, it reflects the basic characteristics
of active muscle contraction. The muscle structure is shown in Figure 1.

From the three-time periods of the muscles, the different factions
of the muscles can be distinguished. Therefore, a single contraction in
different periods is the start and end of the asymmetric control period.

Muscle rigidity and contraction

Tonic contraction is based on the principle of longer muscle reaction
time. The relationship between muscle and nervous system stimulus and
response is shown in Figure 2. The force of the tonic contraction of the
muscle is greater than the single contraction of the muscle. This is because
part of the muscle’s energy is consumed in the repetitive inter-muscle
state changes during the single contraction of the muscle, while the
interaction between the different muscles during the severe contraction
of the muscle results in most of the energy not being consumed . This
allows more energy from contraction to be used for muscle work. When
muscle rigidity contracts, the muscles interact with the connecting units
of the corresponding bones.
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Figure 1. Muscle structure relationship.
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Figure 2. The relationship between stimulus and response of muscles and nervous system.

A certain stimulation frequency is required for the tonic contraction
of muscles. The minimum stimulation frequency is called the minimum
stimulation frequency.” The minimum stimulation frequency depends
on the length of the single muscle contraction. Therefore, different body
structures lead to different critical frequencies.

The effect of active muscle contraction on alleviating sports
fatigue

Relief mechanism of sports fatigue

There are many reasons for chronic fatigue caused by exercise, such
as excessive exercise, excessive stimulation during exercise, distress, high
mental stress, etc. Long-term fatigue is very serious. It may cause intestinal
infections and reduce the absorption of nutrients and cause nutrient
insufficiency. Therefore, to fight against sports fatigue, it is necessary to
balance diet and nutrition. Athletes need to eat more grains, meat, fish,
eggs, etc. Add melons, fruits, vegetables, etc,, and coordinate with each
other in a certain proportion to ensure that the human body obtains
various relevant and rich nutrients needed for metabolism.

Adjustment based on active muscle contraction mechanism

Based on achieving balanced nutritional intake above, special attention
should be paid to the supply of protein. Protein is very important for the body’s
alleviation and regulation.’In regulating the contractile muscles of the human
body, the stimulating exercise of the muscles has a huge change in protein. In
the process of muscle contraction, various proteins will produce corresponding
changes, which is very important for regulating the human body. In the process
of active muscle contraction, the human body realizes the adjustment of the
ability to relieve sports fatigue through the regulation of protein.

Muscle fatigue recognition algorithm

Assume that the fatigue identification EEG indicator sample set {x;,
Vibs Xi= (X, Lox ) € iy, € {+1, -1} isthe class label.i=1,2, -, n,
nis the number of fatigue identification index samples. Its classification
surface function is set to

g(xi):Zaiyik(xiaxj)+bai:1,25"'57[ (])

i=1
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a;is a scalar constant. b is the classification threshold. & (x,x;) is the
kernel function. On this basis, this paper selects the RBF kernel function.
Calculate the optimal solution set of g, in the above classification surface
function according to formula (1):

n 1
max Q(a) = zai 752aiajyty/k(xiﬂxj)
i=1

i,j=1

s.t. Z:’ v, =0 2

0<eg,<C

i=12,---,n

Cis the upper limit set by the Lagrange multiplier, C > 0. In the
optimal solution set obtained by formula (2), the corresponding sam-
plesofa;>0(=1,2, -, s,s <n) are selected as input to construct the
decision function of the recognizer as

yi|:zs:a[y/k(xi’xj)+b:|—1:() (3)

Assume that the characteristic index vector of muscle fatigue in the
unknown state is X, = {x,;, x5, -+, X,,} . We substitute it into equation (3).
If £(X,) = -1, the muscle is judged to be mildly fatigued. If /(X)) = +1,
the muscle is judged to be in a state of severe fatigue.

RESULTS

We analyzed the results of the adjustment relationship between
people of different ages for the relief of sports fatigue underactive muscle
contraction.! The response curve of a single active muscle contraction
is shown in Figure 3.

It can be seen from Figure 3 that the single contraction curve of the
muscle is divided into three different periods: the incubation period, the
shortening period, and the diastolic period. Show different characteristics
in different muscle response periods. Investigations have shown that with
the increase of age, the adjustment of fatigue relief gradually weakens
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with the adjustment of active muscle contraction.!” Use people of dif-
ferent ages as research objects for analysis and testing.'? The number
and prevalence of diseases in each age group are shown in Table 1. The
relationship curve between exercise fatigue relief adjustment and age
is shown in Figure 4.

It can be seen from Figure 4 that the mechanical characteristics
of active muscle contraction decrease with age, and the proportion
of exercise fatigue alleviation adjustment to achieve the expected
effect is gradually decreasing. Therefore, the active muscle contrac-
tion mechanism analysis has a very good guiding role in alleviating
sports fatigue.
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Figure 3. Single muscle contraction curve.

Table 1. The relationship between exercise fatigue relief adjustment and age.

Age N ReI|ev:haeci:jt1es;tir|23n:ftf:;ch|eve Prevalence rate/%
20-25 200 181 90.5
26-30 165 132 80
31-35 120 93 77.5
36-40 206 81 393
Total 691 487 704
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Figure 4. The relationship between exercise fatigue relief adjustment and age.

DISCUSSION

Through detailed analysis and measurement of proteins in the human
body, the mechanism analysis of the body’s active muscle contraction on
alleviating fatigue is inferred. But the result is only a qualitative analysis
that does not describe the detailed process of the body’s muscle con-
traction.” This article proposes a method based on the characteristics
of active muscle contraction. Based on the detailed description of the
active muscle contraction mechanism, the characteristic curves of active
muscle contraction in different states are analyzed. The fatigue degree
caused by three different sports states was tested through experiments.
We analyze isometric training, isotonic training, isokinetic training, and
the corresponding active muscle contraction characteristics. At the same
time, itinvestigated and analyzed the ability of people of different ages
to relieve exercise fatigue underactive muscle contraction.

CONCLUSION

Experimental results show that active muscle contraction can reduce
exercise fatigue to a certain extent. With the increase of age, the propor-
tion of fatigue relief adjustment to achieve the expected effect gradually
decreases. The mechanical properties of active muscle contraction are also
decreasing. This has a good guiding significance for alleviating sports fatigue.

All authors declare no potential conflict of interest related to this article

AUTHORS' CONTRIBUTIONS: Each author made significant individual contributions to this manuscript. NP: writing manuscript. JG: data analysis, article review and intellectual concept of the article.

REFERENCES

1. Bourne MN, Webster KE, Hewett TE. Is fatigue a risk factor for anterior cruciate ligament rupture? Sports
medicine. 2019;49(11):1629-35.

2. Antonelli CB, Hartz CS, Da Silva Santos S, Moreno MA. Effects of Inspiratory Muscle Training with
Progressive Loading on Respiratory Muscle Function and Sports Performance in High-Performance
Wheelchair Basketball Athletes: A Randomized Clinical Trial. International journal of sports physiology
and performance. 2020;15(2):238-42.

3. Chuckravanen D, Bulut S, Kiirklti GB, Yapali G. Review of exercise-induced physiological control models
to explain the development of fatigue to improve sports performance and future trend. Science &
Sports. 2019;34(3):131-40.

4. Fiorenza M, Hostrup M, Gunnarsson TP, Shirai Y, Schena F, laia FM et al. Neuromuscular fatigue and
metabolism during high-intensity intermittent exercise. Medicine & Science in Sports & Exercise.
2019;51(8):1642-52.

5. RothR,Donath L, Zahner L, Faude O. Acute leg and trunk muscle fatigue differentially affect strength, sprint,
agility, and balance in young adults. The Journal of Strength & Conditioning Research. 2021;35(8):2158-64.

6. Bostanci O, Kabadayr M, Mayda MH, Yilmaz AK, Yilmaz C. The differential impact of several types of
sports on pulmonary functions and respiratory muscle strength in boys aged 8-12. Isokinetics and
Exercise Science. 2019;27(4):307-12.

Rev Bras Med Esporte - Vol. 28, N2 6 — Nov/Dec, 2022

7. Townsend N, Brocherie F, Millet GP, Girard O. Central and peripheral muscle fatigue following repeated-
sprint running in moderate and severe hypoxia. Experimental Physiology. 2021;106(1):126-38.

8. Xu S. BP neural network-based detection of soil and water structure in mountainous areas and the
mechanism of wearing fatigue in running sports. Arabian Journal of Geosciences. 2021;14(11):1-15.

9. Pol R, Hristovski R, Medina D, Balague N. From microscopic to macroscopic sports injuries. Applying
the complex dynamic systems approach to sports medicine: a narrative review. British journal of sports
medicine. 2019;53(19):1214-20.

10. Day J, Newman J. The effect of neuromuscular electrical stimulation on function outcome measures
following muscle fatigue: a systematic review. Current Orthopaedic Practice. 2020;31(4):394-9.

11. Balestrino M, Adriano E. Beyond sports: Efficacy and safety of creatine supplementation in pathological
or paraphysiological conditions of brain and muscle. Medicinal research reviews. 2019;39(6):2427-59.

12. Wei S. Evaluation of Foulage Therapy in the Treatment of Tibialis Anterior Exercise Fatigue in Shot
Putters by Surface Electromyography and Isokinetic Test based on Ecological Sports Concept. Ekoloji.
2019;28(108):349-53.

13. Benjaminse A, Webster KE, Kimp, A, Meijer M, Gokeler A. Revised approach to the role of fatigue in
anterior cruciate ligament injury prevention: a systematic review with meta-analyses. Sports medicine.
2019;49(4):565-86.

685



	Introduction
	_Introduction_1
	References
	_References_1
	Appendix
	Refformat

