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ABSTRACT

Background: Athletics plays a very important role in competitive sports. The strength of track and field di-
rectly represents the level of a country’s sports competition. Objective: This work aimed to study the track and
field sports forewarning model based on radial basis function (RBF) neural networks. One hundred outstanding
athletes were taken as the research objects. The questionnaire survey method was adopted to count athletes'
injury risk factors, and coaches were consulted to evaluate the questionnaire’s overall quality, structure, and
content. Methods: A track and field early warning model based on RBF neural network is established, and the
results are analyzed. Results: The results showed that the number of people who thought the questionnaire
was relatively complete (92%) was considerably higher than that of very complete (2%) and relatively complete
(6%) (P<0.05). The number of people who thought that the questionnaire structure was relatively perfect (45%)
was notably higher than that of the very perfect (18%) (P<0.05). The semi-reliability test result suggested that
the questionnaire reliability was 0.85. Tests on ten samples showed that the RBF neural network model error
and the actual results were basically controlled between -0.04~0.04. Conclusions: After the sample library test,
the track and field sports forewarning model under RBF neural network can obtain relatively favorable results.
Level of evidence II; Therapeutic studies - investigation of treatment results.

Keywords: Track and field; Wound and injuries; Forewarning model.

RESUMO

Antecedentes: O atletismo desempenha um papel muito importante nos esportes competitivos. A forca do
atletismo representa diretamente o nivel de competicédo esportiva de um pars. Objetivo: Este trabalho teve como ob-
Jjetivo estudar o modelo de adverténcia em esportes de atletismo baseado em redes neurais de fungdo de base radial
(RBF). 100 atletas de destaque foram tomados como objetos de pesquisa. O método de pesquisa por questiondrio
foi adotado para contar os fatores de risco de lesdes dos atletas e os treinadores foram consultados para avaliar a
qualidade geral, estrutura e contetido do questiondrio. Métodos: Um modelo de alerta precoce de pista e campo
baseado na rede neural RBF é estabelecido e os resultados sGo analisados. Resultados: Os resultados mostraram que
0 nmero de pessoas que consideraram o questiondrio relativamente completo (92%) foi consideravelmente maior
do que o de muito completo (2%) e relativamente completo (6%) (P <0,05). O nimero de pessoas que pensaram que
a estrutura do questiondrio era relativamente perfeita (45%) foi notavelmente maior do que a das muito perfeitas
(18%) (P <0,05). O resultado do teste de semifiabilidade sugeriu que a confiabilidade do questiondrio foi de 0,85.
Testes em 10 amostras mostraram que o erro entre o modelo de rede neural RBF e os resultados reais foi basicamente
controlado entre-0,04 ~ 0,04. Conclusées: Apos o teste da biblioteca de amostras, o modelo de adverténcia em esportes
de atletismo sob a rede neural RBF pode obter resultados relativamente favordveis. Nivel de evidéncia Il; Estudos
terapéuticos- investigagdo dos resultados do tratamento.

Descritores: Atletismo; Ferimentos e lesdes; Modelo de adverténcia.

RESUMEN

Antecedentes: el atletismo juega un papel muy importante en los deportes competitivos. La fuerza de la pista
y el campo representa directamente el nivel de competicién deportiva de un pais. Objetivo: Este trabajo tuvo como
objetivo estudiar el modelo de alerta de los deportes de pistay campo basado en redes neuronales de funcién de base
radial (RBF). Se tomaron como objeto de investigacidn 100 atletas destacados. Se adoptd el método de encuesta de
cuestionario para contar los factores de riesgo de lesiones de los atletas y se consulté a los entrenadores para evaluar
la calidad general, la estructura y el contenido del cuestionario. Métodos: Se establece un modelo de alerta temprana
de pista y campo basado en la red neuronal RBF y se analizan los resultados. Resultados: Los resultados mostraron
que el nimero de personas que pensaban que el cuestionario era relativamente completo (92%) era considerable-
mente mayor que el de muy completo (2%) y relativamente completo (6%) (P <0,05). El nimero de personas que
pensaba que la estructura del cuestionario era relativamente perfecta (45%) fue notablemente superior al de los muy
perfectos (18%) (P <0,05). El resultado de la prueba de semifiabilidad sugirid que la confiabilidad del cuestionario era
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0,85. Las pruebas en 10 muestras mostraron que el error entre el modelo de red neuronal RBF y los resultados reales se
controld bdsicamente entre -0,04 ~ 0,04. Conclusiones: Después de la prueba de la biblioteca de muestras, el modelo de
advertencia de deportes de pistay campo bajo la red neuronal RBF puede obtener resultados relativamente favorables.
Nivel de evidencia lI; Estudios terapéuticos- investigacion de los resultados del tratamiento.

Descriptores: Atletismo,; Heridas y lesiones; Modelo de advertencia.

DOI: http://dx.doi.org/10.1590/1517-8692202127042021_0117

INTRODUCTION

Track and field is the full name of track and field, track and field,
all-around competition, mainly including walking, running, jumping and
other events,'? a total of more than 40 kinds. A lot of athletes missed
the trophy because they were injured in track and field.3 Therefore, it is
urgent to establish a track and field early warning model.

Radial basis function (RBF) neural network has a simple structure,
which can use nonlinear function to improve,** learning efficiency. RBF
neural networks are widely adopted in image processing, data analysis,
information processing, and system modeling.5” Zaremski et al. (2019)8
explained the interaction between various risk factors and the correlation
with sports injuries by constructing a dynamic chain model.

The RBF neural network algorithm can solve this type of problem
well. The data in the sample database was information about the risk
factors related to the athlete’s injury warning and the corresponding
warning level > The quality of the data in the sample library directly
affected the training results of the data in the sample library.!>'3

In this research, based on RBF neural network, the forewarning model
for track and field sportsmen was built. By collecting basic data on inju-
ry-causing factors related to sports injuries, quantitative assessment of
early warning levels was made. Then, combined with the early warning
evaluation results of the athlete coaches, the results of the early warning
levels were comprehensively evaluated, to provide data supplements
for the sample database.

RESEARCH METHODS

Research object and quantitative assignment

In this research,100 track and field athletes from X province were
studied. By sorting out the results of the questionnaire, the risk factors
of sports injury were classified and quantitatively distributed. Select 20
coaches to conduct a risk rating questionnaire.

Quantitative evaluation criteria were as follows. 0 points, the risk
factor didn't cause athletes injury. 1 point, this factor had the smallest
contribution to the risk of sports injury. 2 points, this factor had caused
sports injuries. 3 points, once this factor appeared, it would cause athle-
tes injury. The research had been approved by the sports department
of X province. The athletes and their family members understood the
research and signed the informed consent forms.

Research on risk factors of sports injury

The dynamic chain model established by this study: internal damage
factors (10), external damage factors (5 types) and induced stimulating
factors (5). When the internal injury factors appear, the track and field
athletes are athletes who have injured tendencies. Therefore, it is neces-
sary to evaluate the risk of harm in time and perform an early warning.
This study evaluated the risk factors of 100 athletes, randomly selected
six athletes to quantify.

Risk classification and comprehensive assessment method

The risk coefficient of each damage factor is obtained by quantitative
distribution method. Through statistics, the average value of the upper
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and lower standard deviations is set to the medium risk level according
to the calculation results. Above the standard deviation is the high risk
grade, below the standard deviation is the low risk grade.

A questionnaire survey of coaches and experts is needed. When the
risk level assessed by the coach exceeds 85, the coach’s opinion shall
prevail. When the risk level of coach evaluation is less than 85, the linear
model evaluation results shall prevail.

Establishment of RBF neural network

In this research, the RBF neural network was employed to input the
information of track and field sports players' sports injury factors. The
warning level was classified into low, medium, and high. The output
corresponding value of the risk level in the RBF neural network was
shown in Table 1.

A classifier was built via the RBF neural network. The activation
function of the hidden unit adopted the Gaussian function, and the
expression was as follows.

-

2 M

In equation (1), G, (x) represents the output value of the i-th hidden
unit, x represents the n-th variable output in the network, b, represents
the central vector of the kernel function in the i-th hidden unit, and then
the network output is defined as follows.

Vi :Zé:ijGi(x) @)

In equation (2), j=1,2,---,m is satisfied. V; represents the ou-
tput value of the unit in the i-th output layer, and é‘l./. represents
the connection weight from the i-th hidden unit to the j-th output
unit. Through learning of the radial basis function, the relative error
method is adopted to correct the learning process and gradually
integrated into the gradient descent method. The calculation pro-
cess is as follows.

Assuming there are M sample size, the error function of the input
sample is defined as follows.

1 M
ﬂ=52e§ 3)

p=1

Table 1. Corresponding output value of risk level in RBF neural network.

RBF neural network output

Sports injury warning risk level X
p Jury 9 corresponding value

High risk 3
Medium risk 2
Low risk 1
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) 2
Inequation (3), ep represents the error and A represents the error
function. The definition equation of error is as follows.

2
=t

3 X=5]
ep:bp_y(xp):bp_;éie 0 “)

Inequation (4), b represents the corresponding value of xp inthe
sample. For example, in this study, the low-risk level sample corresponds
to b_=1,and the high-risk level sample b =3.

According to the combination of the Réj neural network training
process and the extracted early warning sample library of athletes'injury
factors, the RBF neural network training process was shown in Figure 1.

Statistical methods

IBM SPSS Statistics 19.0 software was employed for statistical analysis
of data. The calculated data that didn't meet the normal distribution were

Figure 1. RBF neural network flow chart.
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expressed by frequency and percentage. The analytic hierarchy process
was implemented to get the coefficient of risk factor. The validity test
method was adopted to analyze and evaluate the overall structure of the
questionnaire. The difference was statistically considerable with P<0.05.

RESULTS

Statistical results of injury factors of sports injuries

See Table 2 for the internal damage factors. See external damage
factors in Table 3 and Table 4 for induced stimulation factors .Among
them, the difficulty of sports level , the number of replacement sneakers
, subjective fatigue state are several risk factors leading to sports injury .

Coaches’ questionnaire results

A questionnaire survey was conducted on coaches engaged in track
and field sports. Test papers were distributed to 20 coaches, and 18 cop-
ies were recovered, with a recovery rate of 90%. The specific situation
of the coach was shown in Figure 2. There were 8 general coaches, 6
senior coaches, and 4 national coaches.

The statistical results were shown in Figure 3. The “not perfect”and
“imperfect”in each evaluation were all 0. For overall quality evaluation,
92% thought that the questionnaire was relatively perfect as a whole,
which was notably higher than very perfect (2%) and comparatively
perfect (6%), and the difference was substantial (P<0.05). For structure
evaluation, the number of people who thought that the question-
naire structure was relatively perfect accounted for 45%, which was
significantly higher than that of very perfect (18%), and the differ-
ence was significant (P<0.05). For content evaluation, the number of
people who thought that the questionnaire content was relatively
perfect accounted for 69%, which was significantly superior to that
of very perfect (10%) and comparatively perfect (21%), with notable
differences (P<0.05).

Table 2. Statistics of internal factors for track and field sports players.

Athlete number 112 |3 [4|5]|6
Age 2 3 2 3 2 2

Sport level 3 (212133713
BMI 1 20121221

Joint stability 20212 21]2]2
Joint flexibility 2 2 3 2 3 2
Injury history 1 210 ]1 2 1
Damage recovery 2 2 1 2 1 1
Body balance 2021213212
Thigh muscle group strength comparison 1 1 1 2 1 1
Arch state 2 1 1 1 2 1

Table 3. Statistics of external injury factors for track and field sports players.

Athlete number 1 2 |3 |4|5]|6

Sports shoes replacement times 3 (31313213

Application of protection measures 2] 2 3 1 1 3

Technique level 2 2 2 3 2 3

Weather factor 2021212 |21]2

Site factor 2 |1 1 2|1 1

Table 4. Statistics of inducing stimulus factors for track and field sports players.

Athlete number 1|12 |3 [4|5]|6

Athlete fatigue 303133 |3]3

Body function 1 2 1 1 2| 2

Training load 203122 |3]2

Mental quality 1 1 2 1 1 2

Technical action specifications 1 1 1 1 1 1
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Analysis of the results of track and field sports forewarning
model

Early warning model results are compared with actual results
in Table 5.

According to the experimental results, the test verification of 10 test
samples showed a good effect, and the error was basically controlled
between -0.04-0.04.

Figure 2. Statistics of the number of coaches.
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Note: * indicated that compared to control group, P<0.05.

Figure 3. Statistics of validity test results.

Table 5. Comparison of track and field sports forewarning model results with
actual results.

Sample | Forewarning Actual results Risk level Coach evaluation
number | model results results
1 1.2341 1 Low risk Valid
2 21417 2 Medium risk Valid
3 25183 2 Medium risk High risk
4 1.5892 1 Low risk Valid
5 2.2547 2 Low risk Valid
6 33654 3 High risk High risk
7 1.5474 1 Low risk Valid
8 25481 2 Low risk Valid
9 0.9521 1 Low risk Valid
10 1.2547 1 Low risk Valid
DISCUSSION

In this paper, the different injury factors of athletes are statistically
analyzed. The study found that the risk of sports injury caused by athle-
tes' subjective fatigue state was the highest, almost all of them were 3
points. For exercise intensity, the risk value is also kept between 2-3.1

In this work, RBF neural network was integrated into the forewarning
model of track and field sportsmen injury. Compared with the actual
result quantitative assignment, the relative error was controlled between
-0.04-0.04."> According to the coach’s evaluation results, the results were
consistent at high risk levels, but at medium risk and low risk levels, the
RBF neural network motion model was more accurate.

CONCLUSION

The track and field sports early warning model of RBF neural network
is established. Through the sample database test, the field sports model
under the tracking of RBF neural network has achieved good results. It is
necessary to expand the sample database in track and field early warning
and improve the accuracy of evaluation. Allin all, the track and field early
warning model based on the RBF neural network can estimate the risk
of sports injury to a certain extent, and provide a theoretical basis for
the future practical application.
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