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ABSTRACT
Introduction: Vibration training is a widespread exercise. Existing experimental results show that using 

vibration strength exercises under the same loading conditions can improve the muscular strength of swim-
mers’ lower limbs. Objective: This paper especially studies the effect of vibration exercise on the physical quality 
of swimmers under various conditions. Methods: The athletes were randomly divided into two groups: the 
experimental group and the control group. The experimental group used a vibrometer to exercise the lower 
limb muscles. The control group engaged only in routine training. After eight weeks of practice, the runners 
tested in the 100m, 150m, 200m, and 400m. The present article also explores the relationship between swim-
mers of different ages. Results: Compared to the control group, there was a significant difference in maximum 
hip extensor volume between the experimental and control groups. There was also a significant difference 
between the two groups (P<0.05). The most significant increase in maximal exercise capacity between the two 
groups was in the ankle. The change in maximum load between the two groups was also significant (P<0.01). 
Conclusion: The vibration training method can improve the swimmer’s knee flexor group. Swimmers can 
improve their body coordination by performing vibration exercises. Level of evidence II; Therapeutic studies 
- investigation of treatment outcomes. 
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RESUMO
Introdução: O treinamento de vibração é um exercício amplamente difundido. Os resultados experimentais 

existentes mostram que o uso de exercícios de força vibratória sob as mesmas condições de carga pode melhorar 
a força muscular dos membros inferiores dos nadadores. Objetivo: Este trabalho estuda especialmente o efeito 
do exercício de vibração sobre a qualidade física dos nadadores sob variadas condições. Métodos: Os atletas 
foram divididos aleatoriamente em dois grupos: grupo experimental e grupo de controle. O grupo experimental 
utilizou um vibrômetro para exercitar os músculos dos membros inferiores. O grupo de controle ocupou-se 
apenas com o treinamento rotineiro. Após oito semanas de prática, os corredores testaram nos 100m, 150m, 
200m e 400m. O presente artigo também explora a relação entre os nadadores de diferentes idades. Resultados: 
Em comparação com o grupo controle, houve uma diferença significativa no volume máximo do extensor do 
quadril entre os grupos experimental e controle. Houve também uma diferença significativa entre os dois grupos 
(P<0,05). O aumento mais significativo na capacidade máxima de exercício entre os dois grupos foi no tornozelo. 
A alteração de carga máxima entre os dois grupos também foi significativa (P<0,01). Conclusão: O método de 
treino por vibração pode melhorar o grupo de flexores do joelho do nadador. Os nadadores podem melhorar a 
coordenação corporal ao realizar exercícios vibracionais. Nível de evidência II; Estudos terapêuticos - inves-
tigação dos resultados do tratamento. 

Descritores: Natação; Esportes; Atletas; Condicionamento Físico Humano; Vibração.

RESUMEN 
Introducción: El entrenamiento con vibración es un ejercicio muy extendido. Los resultados experimentales exis-

tentes muestran que el uso de ejercicios de fuerza por vibración en las mismas condiciones de carga puede mejorar 
la fuerza muscular de los miembros inferiores de los nadadores. Objetivo: Este trabajo estudia especialmente el efecto 
del ejercicio de vibración sobre la calidad física de los nadadores en condiciones variadas. Métodos: Los atletas fueron 
divididos aleatoriamente en dos grupos: grupo experimental y grupo de control. El grupo experimental utilizó un 
vibrador para ejercitar los músculos de las extremidades inferiores. El grupo de control sólo se ocupó de la formación 
rutinaria. Después de ocho semanas de práctica, los corredores hicieron pruebas en los 100, 150, 200 y 400 metros. 
Este documento también explora la relación entre nadadores de diferentes edades. Resultados: En comparación con 
el grupo de control, hubo una diferencia significativa en el volumen máximo de los extensores de la cadera entre los 
grupos experimental y de control. También hubo una diferencia significativa entre los dos grupos (P<0,05). El aumento 
más significativo de la capacidad máxima de ejercicio entre los dos grupos se produjo en el tobillo. El cambio en la 
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carga máxima entre los dos grupos también fue significativo (P<0,01). Conclusión: El método de entrenamiento con 
vibración puede mejorar el grupo de flexores de la rodilla del nadador. Los nadadores pueden mejorar la coordinación 
corporal realizando ejercicios de vibración. Nivel de evidencia II; Estudios terapéuticos - investigación de los 
resultados del tratamiento. 

Descriptores: Natación; Deportes; Atletas; Acondicionamiento Físico Humano; Vibración.
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INTRODUCTION
The vibration of athlete muscle groups is a beneficial exercise. Its 

working mechanism is the same as that of regular strength training. 
This type of training increases muscle strength and strength after giv-
ing the body an acceleration. The subjects of this study are swimmers.1 
This article takes a more in-depth look at how the lower body joints 
are trained. This lays the groundwork for further exploration of the best 
options for strength training.

METHOD
Subjects

This paper takes eight swimmers as the experimental subjects. This 
paper divides them into two groups, and one is the experimental group.2 
One group was the control group. The experimental group performed 
body vibration exercises. The control group used regular physical activity.

Test scheme
The trial lasted eight weeks. Athletes exercise twice a week. About 90 

minutes of practice each time.3 The experiment selected vibration training 
at 30-35 Hz. The acceleration range is 25-30 m/s. The amplitude is 2 cm. The 
subjects’ legs were measured by isokinetic dynamometers before, during, 
and after the experiment. This paper performed isokinetic muscle strength 
measurements at 60 degrees/second and 180 degrees/second.4 The test re-
sults mainly include peak torque, relative peak torque, and maximum power.

Motion Attitude Simulation and Optimization
This paper decomposes the body into five links of a planar rigid 

body. This article considers the body and the left hand to be one. 
The coordinates of this paper are the endpoints of the left footpla-
te.5 The center of the left knee, left hip, right knee, fitting ankle joints, 
and the top of the body are designated 12345 herein. In this paper, 
the axis of each joint is used as a link, and each joint is connected.6 
The coordinates of the center of body mass and the formula for the rate 
of motion are as follows:
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Where μic is the center of mass coordinate of the link. mi is the link 
quality. mj is the athlete quality.7 In this paper, the relevant kinematics 
recursive formula can be obtained according to the motion law of the 
center of mass:
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The direction of the ground reaction force at time t + Δt is:

( )arccot( cos / )t t t t xtd t dγ γ+∆ = − + ∆                            (4)

Data Analysis
In this paper, the statistical software of SPSS 16.0 was used to process 

the results before and after the test. In this paper, descriptive statistics 
are carried out on the primary data of the experimental group.8 This 
paper used the T-test to conduct a statistical analysis of the relevant 
indicators in the mean comparison.

There is no need for a code of ethics for this type of study.

RESULTS

Analysis of the effect of vibration intensity exercise on lower 
limb extensor and flexor muscle groups

Athletes’ exercise intensity is related to it. After eight weeks of routine 
exercise, the maximum exercise capacity of the experimenters’ hip, knee, 
and ankle extensor groups was improved to a certain extent. (Table 1) 
The results showed that the experimenter’s most tremendous increase 
in maximal lower extremity movement was at the hip.9 The hip exten-
sor muscles of the experimental group were significantly improved 
compared to the control group. There was also a significant difference 
in comparing the two methods (P<0.05).

The results showed that the most significant increase in maxi-
mal exercise capacity between the two groups was in the feet. The 
maximum power of the hip, knee, and ankle joints increased signifi-
cantly in the experimental group compared with the control group.10 
The difference in maximal capacity change between the two groups 
was also significant (P<0.05).

Changes in peak movement of lower limb extensor and 
flexor muscle groups after vibration intensity exercise

Peak torque is currently the most common measure of muscle 
strength, a critical indicator. Different subjects have different weights, 
and the magnitude of peak torque varies greatly.11 There was a mod-
est increase in the relative maximum torque of the lower extensor 

Table 1. List of changes in maximum extensor strength.

Joint
Test 

speed

Test group Control group
Before 

experiment
After the 

experiment
Before 

experiment
After the 

experiment
Hip joint 60°/s 265.22±61.08 292.06±42.02 268.52±61.78 295.52±42.14

Knee joint 60°/s 182.88±29.51 185.36±23.83 183.16±25.72 200.32±17.06
Ankle joint 60°/s 18.16±3.64 20.52±4.96 19.92±9.75 24.32±13.35
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muscles in both experimental groups after eight weeks of routine exercise. 
(Table 2) The results showed that the experimenter’s most significant 
increase in lower-extremity extensors was at the hip. Under normal 
circumstances, the most significant change in the knee joint is the knee 
joint. Compared with the control group, the peak-to-peak value of the hip 
extensors increased significantly in the experimental group. There were 
also significant differences among the indexes (P<0.05). The maximum 
increase in the flexor and extensor groups in the control group was more 
significant than in the experimental group.12 The results showed that the 
increase rate of the maximal extensor work of the experimental group 
was significantly higher than that of the control group.

Changes in muscle strength and the overall effect of lower 
extremity flexors and extensors

After eight weeks of vibration strength training, the lower limb 
extensor strength of the athletes all improved to a certain extent. The 
results showed that the hip extensor mass’s maximum torque fixed-base 
ratio increased in the experimental group compared with the control 
group.13 The increase factors of the maximum torque fixed-base ratio of 
the knee and ankle extensor muscles in the experimental group were 
lower than those in the control group. (Table 3)

DISCUSSION
Vibration intensity refers to intense exercise performed under un-

stable vibration conditions. Subjects were highly focused when exer-
cising under unstable vibration conditions.14 This method makes your 
nervous system more active during exercise. The results of high-intensity 
workouts are very noticeable. This is also an essential factor why vibra-
tion strength training is widely adopted in foreign high-level physical 
education. Traditional non-vibration strength exercises refer to a strength 
exercise performed while the body is in balance. The target and the unit 
of activity that the muscle can mobilize are relatively fixed and limited. 
Other coordinating muscles cannot be mobilized for activity.

On the other hand, the control group performed intensive exercise 
while maintaining a balanced body. And there is no need for athletes to 
be overly focused when doing physical training. Vibration-free intensity 
exercises have had limited success.15 The rate of increase is also not as 
fast as the vibration intensity exercise.

Vibration force exercises can effectively improve the peak torque and 
maximum power of swimmers’ lower limb extensor and flexor muscles. 
The results show that the vibration strength exercise has a specific 
promoting effect on improving muscle strength. The monthly increase 
in peak torque before and after four weeks of lower extremity exercise 
was compared, and the increase in muscle strength was regular. The 
degree of improvement decreased at four weeks. The 4-week increase 
was noticeable. This is due to the structure of the hips and a large number 
of muscles. Conventional load excitation had no significant effect on 
the increase in peak femoral torque. Moderately increasing knee load 
and weight-bearing during the first four weeks can promote balanced 
development of muscle strength over the four weeks.

The increase in muscle strength of the knee and ankle joints 
exhibited an inverse motion with the hips during the four weeks 
before and after. The study found that its variation trend was “high 
first and then low.” The study shows that athletes new to the shock 
force have different motivation levels. This new way of training makes 
swimmers feel fresh. Now the training has made a big difference. 
Muscle strength also increases rapidly. With time, the players gradu-
ally became familiar with the content and methods of practice. The 
athlete gradually adapts to the load of the exercise. So, over the next 
four weeks, their strength will be slower. In future trials, the trainer 
can appropriately increase the exercise of the knee and ankle joints 
after four weeks. This will allow the body to increase strength over 
the next four weeks.

CONCLUSION
Compared with the control group, the experimental group’s flexor, 

flexor and ankle extensor muscles were significantly improved. The 
amplitude of the change in the waveform of the lower extremity flexors 
is relatively low. This is mainly due to the weak flexor strength of the 
athlete and the lack of corresponding flexor strengthening exercises. 
In addition, there are few exercises for flexor strength in this test, and 
there is a particular relationship between the amount of load simu-
lation and the lack of strength. Several methods for flexor strength 
exercises can be added in future trials. Balanced extensor and flexor 
strength can be achieved by increasing the intensity and intensity of 
the exercise. The extensor strength of the hip, knee, and ankle joints 
have specific differences. The improvement of knee and ankle joints 
is mainly increased in the first four weeks, and the increase in the last 
four weeks is relatively tiny. Its evolution trend has the characteristics 
of “first high and then low.”

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

Table 2. Changes in maximal torque of lower extremity extensor muscles.

Joint
Test 

speed

Test group Control group
Before 

experiment
After the 

experiment
Before 

experiment
After the 

experiment
Hip joint 180°/s 3.01±0.88 3.83±0.51 3.41±0.75 4.04±0.4

Knee joint 180°/s 1.98±0.23 2.38±0.15 2.4±0.29 2.88±0.45
Ankle joint 180°/s 0.12±0.67 0.14±0.02 0.13±0.03 0.15±0.02

Table 3. List of Changes in Maximum Leg Extension Torque.

Joint Test 
speed

test group Control group

First 4 weeks
last four 

weeks
First 4 weeks last four weeks

Hip joint 60°/s 1.24 14.14 1.41 5.29
Knee joint 60°/s 2.88 2.05 12.61 7.17
Ankle joint 60°/s 7.11 7.04 7.24 28.73
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