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Abstract: This study investigated the effects of different vibration frequencies on lower limb
explosive power in amateur football players. Over an 8-week experimental period, 24 amateur
football players were randomly assigned to a high-frequency group (45Hz) or a low-frequency
group (10Hz), with 12 participants in each group, to undergo specialized strength training on a
vibration platform. Peak torque of hip and knee flexor-extension muscles and the squat jump (CM]J)
height were measured before and after training to evaluate the efficacy of vibration training. The
results demonstrated that high-frequency vibration training significantly enhanced lower limb
strength and explosive power in the athletes. Specifically, the high-frequency group showed a 15.8%
increase in peak torque of hip extensors and a 12.5% increase in CMJ height, compared to only 7.2%
and 4.3% in the low-frequency group, respectively. Correlation analysis also revealed a significant
positive correlation between strength gains in hip flexor-extension muscles and explosive
performance. These findings suggest that the 45Hz high-frequency vibration training protocol is
superior to low-frequency training in enhancing lower limb explosive power in amateur football
players, providing important guidance for developing more effective strength training programs.
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1. Introduction

As an emerging neuromuscular training method, vibration training has garnered
significant attention in sports science in recent years. This approach utilizes mechanical
vibrations to stimulate the human body, triggering muscle stretch reflexes that activate
more motor units, thereby enhancing muscle strength, explosive power, and coordination.
The effectiveness of vibration training is primarily influenced by parameters such as
vibration frequency and amplitude, with frequency being recognized as one of the key
determinants of training outcomes [1,2].

In competitive sports, lower limb explosive power is a critical factor in determining
athletic performance. For football players, this power directly impacts the execution of
technical maneuvers such as acceleration, directional changes, dribbling, and heading.
However, current research on vibration training primarily focuses on professional
athletes, with relatively insufficient attention paid to amateur players. Given the
differences in training conditions and recovery capabilities between amateur and
professional footballers, specialized vibration training programs tailored for this group
require dedicated research [3].

Current research demonstrates that vibration training at different frequencies exerts
distinct effects on lower limb explosive power. In terms of acute effects, studies indicate
that 40-45Hz vibrations can instantly enhance athletes' explosive performance during
warm-up activities. Regarding long-term training effects, comparative studies between
different vibration frequencies reveal that 45Hz high-frequency vibrations significantly
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improve lower limb muscle strength and vertical jump performance more effectively than
10Hz low-frequency vibrations. These findings suggest that vibration frequency selection
plays a crucial role in determining training outcomes.

However, existing research has certain limitations. Firstly, the subject limitations
make it difficult to directly generalize the conclusions to amateur athletes. Secondly, most
studies adopt single-frequency training without cross-comparison of different frequency
effects. Thirdly, the evaluation metrics for lower limb explosive power remain overly
simplistic, primarily focusing on vertical jump height while lacking comprehensive
assessment of dynamic indicators such as force generation rate [4-6].

Building upon existing research, this study investigates the effects of 10Hz and 45Hz
vibration training at 8-week fixed-amplitude intervals on lower limb explosive power in
amateur football players. Using rate strength testing and squat jump performance as
evaluation metrics, we systematically analyze the differences in training outcomes
between the two vibration frequencies. The findings aim to provide scientific evidence
and practical guidance for specialized strength training programs in amateur football
athletes [7].

2. Subjects and Methods
2.1. Study Subjects

Table 1 presents baseline characteristics of the study subjects, including age, height,
weight, and training duration, with participants divided into a high-frequency group
(45Hz) and a low-frequency group (10Hz). Analysis of these variables ensures baseline
characteristic balance between the two groups, thereby minimizing the impact of
confounding factors on experimental outcomes. The high-frequency group had an
average age of 21.3+2.1 years, height of 175.6+4.2 cm, weight of 68.5t5.2 kg, and training
duration of 3.5+1.2 years. The low-frequency group had an average age of 22.1+1.8 years,
height of 176.2+3.9 cm, weight of 69.8+4.7 kg, and training duration of 3.8+1.5 years. No
significant differences were observed between the two groups in any of the variables
(P=0.05), indicating comparability in baseline characteristics. These data support the
scientific validity and rationality of the experimental design, providing a solid foundation
for subsequent evaluation of training intervention effects. Maintaining balance in group
characteristics is crucial for ensuring the validity of results and constitutes an essential
component of comparative experimental designs in sports science research.

Table 1. Overview of Study Subjects.

—
Grou Group Age Stature Weight df;::;:ﬁ’
p (years) (cm) (kg) P
(years)
High-frequency 5, 175.6+4.2 68.545.2 3.5+1.2 >0.05
group (45Hz)
Low-frequency ) ;4 g 176.243.9 69.8+4.7 3.8+1.5 >0.05

group (10Hz)
Intra-group difference P <0.05.

2.2. Research Methods
2.2.1. Experimental Instruments

Vibration training was conducted using the Power Plate7 vibration training system
(American-made). Peak torque at the hip, knee, and ankle joints under various training
conditions was measured using an isokinetic dynamometer (ISOMED 2000, D&R Ferstl
GmbH, Hemau, Germany). The explosive lower limb strength was assessed through the
squat-based standing vertical jump (CM]) test, utilizing the vertical jump tester in the
National Physical Fitness Monitoring System.
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2.2.2. Training and Testing Scheme

All participants underwent an 8-week training program, with sessions scheduled
twice weekly for 60 minutes each. The training regimen focused on football-specific
strength exercises, structured into three phases: 1) Initial phase (not applicable to vibration
platforms; general warm-up): jogging, dynamic stretching, and neuromuscular activation;
2) Secondary phase (conducted on vibration platforms): weighted squats, dynamic split
squats, plantar-heel vibration, and rapid eccentric movements with heart rate jumps; 3)
Tertiary phase (not applicable to vibration platforms; cool-down activities): low-intensity
aerobic exercises and static stretching of major muscle groups.

The high-frequency group trained at a vibration frequency of 45Hz, while the low-
frequency group trained at 10Hz. Both groups maintained a uniform vibration amplitude
of 4mm and identical load intensity. During vibration training, participants stood with
feet shoulder-width apart at the center of the training platform, heels slightly raised, and
knees at a 150° angle. They could use handrails for balance support but did not rely on
them. Each exercise set consisted of 3-5 repetitions, with 1-3 minutes of rest between sets.
Participants maintained a training interval of at least 24 hours.

2.2.3. Test Indicators

The detailed description of the isokinetic muscle strength test and CM]J test is
presented in Table 2.

Table 2. Description of Isokinetic Muscle Strength Test and CM]J Test.

Test Test Measurement
type method indicators
Isokinetic Repeat the test 3 times at a speed of 300°/s, and
muscle take the maximum value to measure the peak

Peak t N-
strength torque of the flexion and extension muscle eak torque (N'm)

groups of the sacroiliac joint.

The athlete performs a squat jump with hands on .
heigh
M hips, and the optimal height is recorded. Jump height (cm)

Methodology Description: 1. Isokinetic Muscle Strength Test: This evaluates the
maximum force output of knee flexion-extension muscles under dynamic conditions.
High-precision isokinetic dynamometers ensure standardized data acquisition.
Participants must exert full effort to obtain accurate measurements. 2. Vertical Jump (CM]J)
Test: A gold-standard assessment of lower limb explosive power. During the test,
participants maintain hands on hips to eliminate upper limb interference, focusing solely
on lower limb muscle contribution. The optimal jump height across multiple attempts is
recorded to ensure reliability. These standardized protocols guarantee data
reproducibility and result validity, providing a robust foundation for subsequent analysis.

2.2.4. Mathematical Statistics

This study employed SPSS 27.0, a professional statistical software, to conduct an in-
depth analysis of the collected data. To accurately compare the differences in explosive
power test indicators between the two groups of athletes, we utilized two statistical
methods: the independent samples t-test and the paired samples t-test. Additionally, a
significance level of P <0.05 was set to ensure that the observed differences were
statistically significant.

3. Results
3.1. Changes in Peak Torque of Hip Flexion and Extension Muscle Groups

Table 3 illustrates the changes in peak torque values of the hip flexor and extensor
muscle groups before and after training. In the study, subjects were divided into a high-
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frequency group and a low-frequency group to evaluate the training effects on flexors and
extensors, respectively. The results showed significant differences in peak torque values
between the two groups for both flexors and extensors. For the extensor group, the high-
frequency training group increased from 335.4+48.3 N-m before the experiment to
388.5£45.6 N'm after the experiment, with an increase of 53.1+20.5 N-m, representing a
growth rate of 15.8%. The low-frequency training group increased from 338.2+47.1 N-m
to 362.5+44.2 N-m, with an increase of 24.3+16.7 N-m, yielding a growth rate of 7.2%. This
indicates that the high-frequency training group demonstrated significantly better results
in increasing peak torque values compared to the low-frequency group. For the flexor
group, the high-frequency training group increased from 135.2+21.4 N-m to 158.7+22.8
N-m, with an increase of 23.5+15.3 N'm, representing a growth rate of 17.4%. The low-
frequency training group increased from 136.8+19.7 N-m to 148.3+20.5 N'm, with an
increase of only 11.5+8.2 N'm, yielding a growth rate of 8.4%. The data suggest that the
high-frequency training group also exhibited more significant improvements in flexor
strength. In statistical analysis, significant intra-group differences (P<0.05) and significant
inter-group differences (P<0.01) confirmed the effects of different training frequencies on
muscle strength enhancement. These results support that high-frequency training can
more effectively increase the peak torque of hip flexor and extensor muscles, which is
helpful to optimize the training program to improve sports performance.

Table 3. Changes in peak torque of hip flexion and extension muscle groups before and after
training (N-m).

Muscle Group Pretest Posttest Change (N'm) % Change
group
Hip High-frequency 335.4+48.3 388.5+45.6  53.1+20.5## 15.8
extensors  Low-frequency  338.2+47.1 362.5+44.2 24.3+16.7 7.2
Hip High-frequency 135.2+21.4 158.7+22.8% 23.5+15.3## 17.4
flexors Low-frequency  136.8+19.7 148.3 +20.5* 11.548.2 8.4

* P <0.05 vs. Pretest (within group); ## P <0.01 vs. Low-frequency group (between groups).

3.2. Changes in peak torque of knee flexion and extension muscle groups

Table 4 details the changes in peak torque values of the knee flexor and extensor
muscle groups before and after training. Subjects were divided into high-frequency and
low-frequency groups to evaluate the effects of different training frequencies on flexors
and extensors. The results demonstrated statistically significant changes in peak torque
values induced by different training protocols. In the extensor group, subjects in the high-
frequency group increased from 170.3+23.1 N-m before the experiment to 203.6+20.8 N-m
after the experiment, with an increase of 33.3+12.7 N'm (19.5%). In contrast, the low-
frequency group increased from 169.8+24.5 N-m to 186.5+25.3 N-m, with an increase of
16.7 + 10.2 N'm (9.8%). High-frequency training resulted in greater increases in peak
torque values compared with low-frequency training. In the flexor group, subjects in the
high-frequency group increased from 112.6+17.8 N-m to 132.4+18.9 N-m, with an increase
of 19.8+10.5 N'm (17.6%). Meanwhile, the low-frequency group increased from 114.3+19.2
N-m to 123.1+21.4 N-m, with an increase of 8.8+7.1 N-m (7.7%). The results indicate that
high-frequency training was more effective in improving flexor strength. All data showed
significant intra-group differences (*P<0.05) and inter-group differences (##P<0.01),
emphasizing the importance of training frequency in enhancing peak torque values of the
knee muscles. The superiority of high-frequency training protocols provides significant
guidance for developing training plans to improve knee muscle strength.
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Table 4. Changes in peak torque of knee flexion and extension muscle groups before and after
training (N-m).

Muscle

Group Pretest Posttest Change (N'm) % Change
group
Knee  High-frequency 170.3+23.1 203.6+20.8 33.3+12.7## 19.5
extensors Low-frequency 169.8+245 186.5+253  16.7+10.2 9.8
Knee  High-frequency 112.6+17.8 132.4+18.9* 19.8+10.5## 17.6
flexors  Low-frequency 114.3+19.2 123.1 +21.4* 8.8+7.1 7.7

* P <0.05 vs. Pretest (within group); ## P <0.01 vs. Low-frequency group (between groups).

3.3. Changes in CM]

Table 5 presents data on the change in squat jump (CM]J) height before and after
training to analyze the effects of different training frequencies. Participants were divided
into a high-frequency group and a low-frequency group. The high-frequency group had
a mean CM]J height of 35.2+2.7 cm before training, which increased to 39.6+2.4 cm after
training, with a gain of 4.4+1.0 cm (12.5%). In contrast, the low-frequency group increased
from 35.842.5 cm to 37.3+2.1 cm, with a gain of 1.5+0.7 cm (4.3%). Statistical analysis
showed significant within-group differences (*P<0.05) and significant between-group
differences (##P<0.01). These results indicate that high-frequency training resulted in
greater improvements in CMJ height compared with low-frequency training.

Table 5. Changes in squat jump (CM]J) height before and after training (cm).

Group Pretest Posttest Change (cm) % Change
High-frequency 35.2+27 39.6+24 4.4 +1.0## 12.5
~ Low-frequency 35.8+25 373+21 1.5+£0.7 4.3

* P <0.05 vs. Pretest (within group); ## P <0.01 vs. Low-frequency group (between groups).

3.4. Correlation Analysis Between Isokinetic Muscle Strength and CM]

Table 6 presents the Pearson correlation analysis between the increase in peak torque
of extensor and flexor muscles and the increase in CM] height. This analysis reveals a
significant linear relationship among the variables, which is crucial for understanding the
correlation between muscle training effects and athletic performance. The results show a
correlation coefficient of 0.75 between the increase in extensor and flexor muscle strength,
indicating a significant positive correlation, suggesting that the training effects on
extensor and flexor muscles are consistent. Additionally, the correlation coefficients
between the increase in extensor muscle strength and the increase in CM] height are 0.68,
and between the increase in flexor muscle strength and the increase in CMJ height are 0.60,
both indicating significant positive correlations (P < 0.05). These data emphasize that
enhancing muscle strength may directly contribute to improving squat jump performance.
The comprehensive analysis indicates that as extensor and flexor muscle strength
increases, athletes exhibit enhanced squat jump performance. This relationship supports
the importance of strength training in improving athletic performance and provides a
basis for designing more effective training programs.

Table 6. Pearson correlation analysis of changes in muscle strength and CM]J height.

Ext
Variable xrensor Flexor strength change CM]J height change
strength change
Extensor strength 1 0,75+ 0.68%
change

Flexor strength change 0.75% 1 0.60%

CM]J height change 0.68* 0.60* 1
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*Correlation is significant at P < 0.05.

4. Discussion

This study investigated the effects of vibration training at different frequencies on
lower limb explosive power in amateur football players. The results demonstrated that
high-frequency training (45Hz) exhibited more significant improvements in muscle
strength and explosive power [8,9]. This difference can be discussed from multiple
perspectives, including neuromuscular system adaptation, mechanical effects of vibration
training, and specific athletic demands. Firstly, regarding neuromuscular system
adaptation, the core of vibration training lies in triggering stretch reflexes through
mechanical vibration stimulation, thereby activating more muscle motor units. High-
frequency vibration training provides faster vibration stimulation frequencies, enhancing
both the intensity and amplitude of stimulation, which recruits more motor units [10,11].
This aligns with existing literature, indicating that high-frequency vibration effectively
promotes neuromuscular recruitment and synchronization, thereby improving muscle
strength and explosive power. Secondly, from the perspective of mechanical effects,
vibration training enhances muscle strength through effective force stimulation. The
greater acceleration induced by high-frequency vibration leads to more frequent and
intense mechanical stimulation of muscle fibers, rapidly increasing intramuscular tension
and strength [12]. This enhanced muscle responsiveness plays a critical role in improving
athletes' explosive power. Additionally, considering the specific athletic demands of
football, which relies on rapid lower limb explosive power for executing technical
movements such as starts, shots, and changes of direction, 45Hz vibration better simulates
these demands [13-15]. This may be attributed to the more pronounced activation and
strengthening of fast-twitch muscle fibers under higher-frequency vibration training,
providing athletes with more targeted muscle adaptation. While high-frequency training
demonstrates significant advantages, the relatively weaker effects of low-frequency
training may be attributed to insufficient stimulation. In this study, the 10Hz vibration
frequency might not have adequately stimulated the neuromuscular system to optimal
stress levels, resulting in insufficient activation and recruitment of motor units [16]. For
amateur athletes with relatively high neural plasticity, high-frequency vibrations could
trigger more pronounced muscular adaptations. Notably, this study has certain
limitations in sample size, training cycles, and vibration parameter design. Therefore,
future research should expand sample sizes to better validate the generalizability of
findings and their practical application potential in training. Additionally, optimizing
vibration training parameters, exploring optimal frequency-amplitude combinations, and
further enhancing athletic performance in amateur athletes remain key focuses for future
studies [17-19]. In summary, this study demonstrates that 45Hz high-frequency vibration
training exhibits more significant effects in improving lower limb explosive power in
amateur soccer players. This finding provides a new perspective for specialized strength
training in amateur soccer, suggesting increased use of high-frequency vibration protocols
in training plans to maximize athletes' explosive power and competitive performance [20-
22].

5. Conclusion

This study systematically analyzed the effects of vibration training at different
frequencies on lower limb explosive power in amateur football players over an 8-week
period. The results demonstrated a significant superiority of high-frequency vibration
training at 45Hz compared to low-frequency vibration training at 10Hz. The main
conclusions of this study are as follows:

The significant effects of high-frequency vibration training: The high-frequency
group demonstrated more pronounced improvements in peak torque of hip and knee
flexion-extension muscle groups, as well as in the squat jump (CM]J) height. This indicates
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that high-frequency vibration can more effectively activate the neuromuscular system and
enhance muscle explosive power.

Limitations of low-frequency vibration training: In comparison, although the low-
frequency group also demonstrated some degree of improvement, the magnitude was
significantly less than that of the high-frequency group. This may be attributed to the
insufficient neural-muscular adaptation induced by low-frequency vibration, thereby
limiting the enhancement of athletic performance.

Meeting specific athletic demands: In football, explosive power is crucial for the
execution of technical movements. High-frequency vibrations can provide a more
effective muscle activation method in specialized strength training, thereby fulfilling the
actual athletic requirements of athletes.

Practical Value and Application Prospects: This study provides scientific evidence
for amateur football players to incorporate high-frequency vibration training into their
regimens, optimizing strength-building methods to maximize explosive power and
competitive performance. In conclusion, selecting appropriate vibration training
parameters is crucial for enhancing amateur football players' athletic performance. Future
research should further explore combinations of vibration frequencies and training
intensities to refine training protocols, thereby improving their effectiveness and

applicability.
Funding: Research on the Innovative Development of Binzhou Grassroots Football League (No. 26-
SKGH-084).
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