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ABSTRACT
Introduction: Triple jump has high technical requirements. However, in recent years, the frequent knee 

injuries during the training of triple jump athletes have seriously impacted their training and competition 
levels. Objective: This article proposes a method for modeling knee joint injury caused by triple jump athletes 
overtraining based on an improved principal component analysis algorithm. It also studied the relationship 
between movement amplitude and sports injury. Methods: We obtained the optimal hyperplane showing 
data on the relationship between sports injury and joint motion range through the triple jump in the 
decision table. Then, the relationship model between the two was established. The article estimated the 
principal components of triple jump athletes’ knee joint injuries and established an accurate model relating 
the overtraining of these athletes and their knee joint injuries. Results: The accuracy of improved algorithm 
modeling is closer to that of physical examination outpatient records than to that of traditional algorithm 
modeling.  Conclusion: The relationship model between triple jump injury and joint motion range was 
established using the improved algorithm. This model can greatly improve the accuracy of the relationship 
between the two and can effectively prevent triple jump injuries. Level of evidence II; Therapeutic studies 
- investigation of treatment results. 
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RESUMO
Introdução: As exigências técnicas do salto triplo são significativas. Contudo, nos últimos anos, ferimentos 

no joelho de atletas durante o treino de salto triplo tem impactado na sua preparação e seu nível competitivo. 
Objetivo: Esse artigo propõe um método para modelagem do ferimento na articulação do joelho causado 
pelo sobretreinamento de atletas de salto triplo, com base num algoritmo aprimorado para análise de com-
ponente principal. Métodos: Obtivemos, na tabela decisória, um hiperplano otimizado, mostrando dados 
sobre a relação entre o ferimento esportivo e a amplitude do movimento articular ao longo do salto triplo. 
Em seguida, foi estabelecido um modelo relacional entre esses elementos. Estimou-se os principais compo-
nentes das feridas na articulação do joelho de atletas de salto triplo e estabeleceu-se um modelo preciso, 
relacionando o sobretreinamento desses atletas e tais feridas articulares. Resultados: A precisão do algoritmo 
de modelagem aprimorado se mostrou mais próxima dos resultados do exame físico ambulatorial que dos 
resultados da modelagem por algoritmo tradicional. Conclusão: Um modelo de relação entre o ferimento no 
salto triplo e a amplitude do movimento da articulação foi estabelecido usando-se o algoritmo aprimorado. 
Esse modelo pode aumentar consideravelmente a precisão das relações entre esses elementos e efetivamente 
prevenir contra ferimentos no salto triplo. Nível de evidência II; Estudos terapêuticos – investigação de 
resultados de tratamento.

Descritores: Esportes; Amplitude de Movimento Articular; Lesões do Esporte.

RESUMEN 
Introducción: Las exigencias técnicas del triple salto son significativas. Sin embargo, en los últimos años, 

lesiones en las rodillas de atletas durante el entrenamiento del triple salto han impactado en su preparación y 
en su nivel competitivo. Objetivo: Este artículo propone un método para modelar la lesión en la articulación de 
la rodilla causada por el sobreentrenamiento de atletas de triple salto, con base en un algoritmo mejorado para 
análisis de componente principal. Métodos: Obtuvimos, en la tabla decisiva, un hiperplano optimizado, most-
rando datos sobre la relación entre la lesión deportiva y el rango del movimiento articular a lo largo del triple 
salto. Seguidamente, fue establecido un modelo relacional entre estos elementos. Se estimaron los principales 
componentes de las lesiones en la articulación de la rodilla de atletas de triple salto y se estableció un modelo 
preciso, relacionando el sobreentrenamiento de estos atletas y tales lesiones articulares. Resultados: La precisión 
del algoritmo de modelo mejorado se mostró más cercana a los resultados del examen físico ambulatoria que 
de los resultados del modelo por algoritmo tradicional. Conclusión: Un modelo de relación entre la lesión en el 
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triple salto y el rango del movimiento de la articulación fue establecido usándose el algoritmo mejorado. Este 
modelo puede aumentar considerablemente la precisión de las relaciones entre estos elementos y efectivamente 
prevenir contra lesiones en el triple salto. Nivel de evidencia II; Estudios terapéuticos – investigación de 
resultados de tratamiento.

Descriptores: Deportes; Rango del Movimiento Articular; Traumatismos en Atletas.
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INTRODUCTION
Reducing the occurrence of sports injuries during exercise has 

become a hot issue that needs to be studied in the field of sports. In 
the study of reducing sports injury, the joint motion range is closely 
related to sports injury. Therefore, obtaining the relationship between 
joint motion range and sports injury has become a hot issue that needs 
to be studied in sports. This has received extensive attention from many 
experts and scholars.1  At this stage, the main models of the relationship 
between joint motion amplitude and sports injury include the ant colony 
algorithm, grey neural network algorithm, an unscented Kalman filter 
algorithm. The most important is the relationship model between joint 
motion amplitude and sports injury based on the unscented Kalman 
filter algorithm. Because the model of the relationship between joint 
motion range and sports injury has a good development space in sports, 
it has received the attention of many experts. This has become a hot 
issue for everyone to study, and it has a huge potential for development.

There is a very high random state in the inherent relationship bet-
ween sports injury and joint motion amplitude.2 Many factors change 
the injury, including the different angles of the exercise, the environment 
in which the exercise is located, etc. The so-called modeling method in 
the traditional sense only uses previous data and information. A way to 
complete statistics without considering other constraints. This leads to 
inaccurate modeling effects.

Based on this, we propose a rough set decision-making algorithm that 
reflects the relationship between sports injury and joint motion amplitude to 
prevent the problems of traditional statistical methods. The so-called rough 
set related theoretical content is the simple and detailed processing of all the 
data information of sports injury and the data information of joint motion 
amplitude. In this way, the corresponding decision table can be obtained.3 
The optimal hyperplane showing the relationship between sports injury 
and joint motion amplitude can be obtained through the motion data in 
the decision table. In this way, the constraint conditions that the optimal 
hyperplane meets can be obtained, and the relationship model can be 
established. After experiments, we have concluded that establishing a model 
of the relationship between sports injuries and joint motion amplitudes 
through improved algorithms can greatly improve the accuracy of the 
relationship between the two, and it can effectively prevent sports injuries.

METHOD
The correct expression of the relationship between sports injury and 

joint motion amplitude and the establishment of a relationship model 
can provide data support for preventing sports injuries in the field of 
sports. We need to choose a suitable relationship model to estimate the 
relationship between sports injury and joint motion amplitude.4 The 
relationship model between the two is a strongly nonlinear system. The 
general form of the equation of state is expressed as:

1 ( , )k k k kx f x u ω+ = +                                                              (1)

( , )k k k ky g x u υ= +                                                                (2)

The motion state vector is denoted as x, the input variable is denoted 
as u, and the observable output variable is denoted as y. The process 
error and observation error of the relational model are denoted as ω 
and υ. The motion ability of the joint is embodied by the motion state 
of the joint, which is defined as:
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The initial value of the joint motion state is S0 C0, and the instanta-
neous joint motion capability is IL. We discretize it as follows:
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Select different types of sports injury combination models can be 
expressed as:

0 1 2 3 4 0/ ln( ) ln(1 )k k k k k Ly K K SoC K SoC K SoC K SoC R I= + + + + − −  (5)

The instantaneous exercise capacity is yk, the type of sports injury is 
R0, and the five constants of the motion state are denoted as K0, K1, K2, 
K3, K4. In summary, we can build a model of the relationship between 
sports injury and joint motion amplitude to obtain the relationship 
between the two.

RESULTS
This article selects the movement data of city A in the last three 

years as the basic data to carry out the simulation.5 The research subjects 
selected nine sports items. The basic data is shown in Table 1.

Using traditional and improved algorithms to establish psoas muscle 
injury and various item relationship models, respectively, the results can 
be expressed in Table 2.

Using the improved algorithm to establish a model of the relation-
ship between joint motion range and psoas muscle injury is much 
more accurate than traditional algorithm modeling.6 Using a traditional 

Table 1. Exercise data table.

Sports 2018 2019 2020

1 123 123 123

2 323 333 456

3 456 445 334

4 654 787 445

5 555 980 787

6 678 675 980

7 907 621 456

8 121 432 654

9 165 123 555
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algorithm and improved algorithms to establish the relationship model of 
knee joint injury and various items can use Table 3 to express the results.

Using the improved algorithm to establish a relationship between 
the joint motion range and the knee joint injury is much more accurate 
than the traditional algorithm.

information. This requires larger storage space, wastes a lot of resources, 
and prevents people from making accurate and simple judgments. So 
we need to implement attribute reduction.

Modeling the relationship between joint motion amplitude 
and sports injury

Because SVM has a strong predictive level, SVM is used to esta-
blish a model of the relationship between joint motion amplitude and 
sports injury.9 SVM forms an optimal hyperplane when the training set 
is linearly separable:

( ( )) 0x bω ϕ∗ + =                                                                              (7)

This optimal hyperplane must not only meet the following constraints:

[ ( ) ] 1, 1, 2, ,i iy x b i lω ϕ∗ + ≥ =                                                     (8)

It is also necessary to obtain the minimum value of the following 
function:

21( )
2
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The optimal hyperplane can be obtained by solving the optimiza-
tion problem:

0
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y a k x x b+ =∑                                                                   (10)

The support vector is SV. The Lagrange multiplier is ai
0. The kernel 

function is k (xi,x).
We use the kernel function to replace the inner product operation to 

map from low-dimensional to high-dimensional space.10 Because the training 
parameters SVM formed by the radial basis kernel function are relatively 
less and easier to select, the kernel function of SVM adopts the radial basis 
kernel function. Through the method mentioned above, a model of the 
relationship between joint motion range and sports injury can be established 
to obtain the correlation between the two. This can prevent sports injuries.

CONCLUSION
We use the rough set decision-making algorithm to realize the rela-

tionship between joint motion amplitude and sports injury. According 
to the rough set theory, all the joint motion range and sports injury data 
are simplified and organized to obtain the corresponding decision table. 
Calculate the optimal hyperplane between the joint motion amplitude and 
the relationship between the motion injury and the motion data contained 
in the decision table. Obtain the constraint conditions required by the 
optimal hyperplane to establish its relationship model. Experiments show 
that using the improved algorithm to establish a model of the relationship 
between joint motion amplitude and sports injury can greatly increase 
the accuracy of the expression of the above two relationships. This can 
effectively prevent the occurrence of Triple jump injuries.

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

Table 2. Correlation degree of joint motion range and psoas muscle injury.

Sports Number of injured Traditional algorithm Improve algorithm

1 11 22 11

2 32 34 32

3 44 22 44

4 15 43 15

5 22 27 22

6 34 33 34

7 23 98 23

8 12 3 12

9 10 11 10

Table 3. Comparison of the correlation between the range of joint motion and knee 
joint injury.

Sports Number of injured Traditional algorithm Improve algorithm

1 11 22 11

2 32 34 32

3 44 22 44

4 15 43 15

5 22 27 22

6 34 33 34

7 23 98 23

8 12 3 12

9 10 11 10

1 11 22 11

2 32 34 32

DISCUSSION
Establishing exercise data decision table

The so-called rough set theory is an important basis for analyzing 
uncertain and incomplete information.7 After the useful information and 
redundant information are determined, the spatial dimension of the input 
information is reasonably simplified, so that knowledge reduction can 
be performed without changing or increasing the classification ability. 
Based on the above data information, we build a sports data decision 
table. See the following process content for details:

Abstracting motion data as a data information system is the rough 
set attribute reduction method. The specific representation is as follows:

( , , , )S U A V f=                                                                       (6)

The collection of motion data is U. The attribute set of motion data 
is A. This is abbreviated as the indistinguishable relationship between 
Ind (B), xi and xj as an equivalence relationship. Approximate space 
properties are not equally important in many situations.8  There is a 
great correlation between some attributes, and these are redundant 
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