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Abstract  

The purpose of this study was to compare the effects of plyometric training and mixed-methods power training 
on the ball velocity and kinematic parameters of the instep kick after muscle fatigue in university futsal players. 
The study recruited 42 futsal players with an average age of 20.2 years, weight of 66.04 kg, and height of 172.7 
cm. The subjects were divided into three groups comprising a control group (regular futsal training), a plyometric 
training group, and a mixed-methods training group. The training program was conducted for 8 consecutive 
weeks, with two training sessions per week. The researchers measured ball and ankle velocities, as well as hip 
and knee angular velocities, before the training program, after 8 weeks of training, and after inducing muscle 
fatigue. Collected data were analyzed using multivariate analysis of variance (MANOVA). The results showed 
that after the 8-week training program, both the plyometric training group and the mixed-methods training group 
showed an increase in mean ball and ankle velocities, as well as hip and knee angular velocities. However, there 
was no significant difference between the plyometric and mixed-methods training groups. Both training groups 
exhibited significantly higher values compared to the control group (p < .05). Similarly, the study found no 
significant differences between the plyometric training group and the mixed-methods training group in these 
variables after inducing muscle fatigue. However, both training groups had significantly higher values compared 
to the control group (p < .05). In summary, the study suggests that both plyometric training and mixed-methods 
power training can improve the ball velocity and kinematic parameters of the instep kick in foot athletes after 
muscle fatigue. The findings of this study have implications for training programs aimed at enhancing the 
performance of futsal players. 
Keywords: Ball velocity, Kinematics, Plyometric training, Mixed-methods training  

 
Introduction  

Futsal is a variation of football played indoors on a field 40x20 meters, with each team having 5 players. 
Competition time consists of two halves, and each half will last 20 minutes. The match time will be stopped if the 
ball goes out of play, a foul is committed, an athlete is injured, etc. For this reason, the duration of the match can 
last from approximately 40 to 85 minutes (Roxburgh, 2008). Each half-time, each team has the right to request 
one time-out and a 10-minute half-time break. Player changes can be made throughout the match. Matches 
consist of making offensive and defensive plays continuously. (Naser et al., 2017). Therefore, athletes must move 
in different ways with speed, such as running at a speed of more than 15 kilometers per hour (13.7%) and 

running at a speed of more than 25 kilometers per hour (8.9%) for the total distance (Naser et al., 2017; Spyrou et 
al., 2020). In addition, futsal often involves shooting goals with the back foot. In each game, athletes will 
undertake high-intensity exercise for approximately 3-6 minutes before changing players. Such movement 
activities must use energy sources from the anaerobic system that are characterized by a discontinuous pattern. 

Throughout a game, athletes have a rate of oxygen consumption per minute that may be 75% of their 
maximum, a heart rate per minute of 90% of maximum, and circulating lactic acid of 5 mmol/l (Castagna et al., 
2009; Makaje et al., 2012). This may result in muscle fatigue and reduced body performance in many aspects 
such as muscle contractions and running speed (Dal Pupo et al., 2014), as well as angular velocity in the 
movements of the knee and hip joints (Dal Pupo et al., 2016) and range of motion (Makaje et al., 2012). 
Particularly in the second half of a race, runners’ total distance traveled per minute decreases dramatically 
compared to the first half (Castagna et al., 2009). Muscular fatigue from football matches results in a decrease in 
repetitive sprint performance (Rampinini et al., 2008), skeletal muscle, which affects the degree of contractile 
strength of the femoral muscles as well as sprint performance (Rampinini et al., 2011) and ball speed from instep 
kicks (Russell et al., 2011; Radman et al., 2016). Similarly, football players experience fatigue from simulated 
football games, which results in a decrease in ball velocity from the instep kicks and maximal angular velocity of 
the lower leg during knee extension compared to pre-fatigue (Killis & Katis, 2006; Ricardo & Roland, 2012). In 
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particular, higher-intensity activity during a match results in more fatigue and a reduction in ball velocity from 
instep kicks (Ricardo & Roland, 2015). 

Previous studies have found that the most effective training methods that show positive results in 
increasing muscle power and improving athletic performance are plyometric and mixed-method training. 
Practicing both methods could affect the development of the muscle's ability to produce large amounts of force in 
a short period, known as muscle power. Building muscle power depends on building maximum strength, as well 
as the speed of contractions and the rate of force development of muscle. By practicing plyometric training, it 
consists of stimulating the muscles in the same group to have an elongated contraction (eccentric) followed by a 
rapid shortened contraction (concentric) (Wang & Zhang, 2016). This training focuses on increasing the ability of 
the muscle reflex system, learning how to stretch muscles to contract rapidly and increasing the capacity of the 
connective tissue that surrounds muscle fibers, or muscle tendons to create elastic energy that is stored within the 
muscles to create a large amount of force in a short period (Wang & Zhang, 2016). Past studies found that 
plyometric training affected the development of muscle power in university futsal athletes (Davar & Parisa, 
2011), increasing flexibility and muscle power (Naves, 2017), increasing explosive muscle power and ball speed 
for instep kicks (Sedano & Vaeyens, 2009), and increased running speed, vertical jump, standing long jump, 
maximum power and instep kick speed (Ozbar, 2015), while mixed-methods training consisting of heavy 
resistance training combined with plyometric training affected the development of muscle power by increasing 
the size of type IIa muscle fibers, leg strength, and the ability to jump vertically as well as the angular velocity of 
knee extension from instep kicks (Jorge et al., 2008; Manolopoulos & Papadopoulos, 2006).  

One problem is that futsal athletes need to use muscle power continuously and rely on anaerobic energy 
systems. As a result, muscle fatigue accumulates, resulting in decreased physical and sports performance, 

especially in the second half of a game. This problem should be addressed to maintain proper muscle power 
throughout a game, especially the ability to shoot the ball with instep kicks. From the results of past studies, it 
was concluded that plyometric training and mixed-methods training is an effective method that has shown 
positive results in increasing muscle power and improving athletic performance. For this reason, the researchers 
were interested in investigating the effects of plyometric training, mixed-methods training and muscle fatigue on 
ball velocity and kinematic variables of instep kick in amateur futsal players. Three research questions were 
raised: 1) Can increasing muscle power increase the ball velocity of instep kicks and the kinematic variables in 
amateur futsal players? 2) Does muscle fatigue from futsal games affect the ball velocity and kinematic 
parameters of instep kicks in amateur futsal players? 3) Will increasing muscle power preserve the ball velocity 
and kinematic parameters of instep kicks after the onset of fatigue? 
 

Materials & methods  

Participants 

The subjects comprised 42 male futsal athletes (mean age 20.2 ± 0.9 years, weight 66.04 ± 9.06 kg, and 
height 172.7 ± 6.41 cm) from a university. Subjects were selected using a simple random sampling method. The 
number of subjects was based on previous studies that had similar study characteristics (Ozbar, 2015). However, 

this study used 14 subjects in each group to prevent 40% of withdrawal from the study. It consisted of a control 
group (regular futsal training), experimental group 1 (regular futsal training and plyometric training), and 

experimental group 2 (regular futsal training and mixed-methods training). Before initiating the research, all 
subjects were informed of the study details and signed informed consent forms, which were certified by the 
Human Research Ethics Committee of Srinakharinwirot University (number SLUEC/&G-302/2564).  
Plyometric training 

The athletes practiced plyometric training 2 days per week for 8 weeks. Each training day consisted of 4 
moves. In the first 4 weeks, they practiced squat jumps, single-leg vertical jumps, standing long jumps and power 
skipping. In each move, the athletes performed 8 reps for 4 sets in weeks 1-2 and 5 sets in weeks 3-4. In weeks 
5-8, the athletes practiced repeated tuck jumps, split squat jumps, front hurdle hops and alternate leg bounding. In 
each move, the athletes performed 8 reps for 5 sets in weeks 5-6, and 10 reps in weeks 7-8. Athletes rested 2-3 
minutes between sets and 3-5 minutes between moves. The height of the fence at weeks 1-4 was 40 cm, which 
was increased to 50 cm in weeks 5-8, as adapted from Ozbar (2015). 
Mixed-methods training 

The athletes trained in mixed-methods exercises 2 days per week for 8 weeks, consisting of power clean, 
back squat, jump squat, and depth jump. Athletes performed each move 5 times in 3 sets during weeks 1-2, then 
increased to 4 times during weeks 3-4, and 5 times in weeks 5-8, but 6 sets in weeks 7-8. Athletes rested 2-3 
minutes between sets and 3-5 minutes between moves. The height of the box in the 1st-4th weeks was 40 cm, 
which was increased to 50 cm in the 5th-8th weeks, as adapted from Haff (2012).  
Measurement of ball velocity and kinematic parameters 

Before starting the data collection, the subjects warmed up for 15 minutes, and then 22 reflective 
markers were attached to the plug-in gait model: PIG (Barbieri et al., 2015). Measurements were performed using 
a 3D motion analyzer consisting of 10 infrared cameras (Qualysis Miqus, Sweden) and recorded at a frequency of 
200 Hz. The 3D kinetic analyzer was calibrated by recording the data while the subjects stood stationary in the 
center of the data collection area for 2 seconds (Apidech et al., 2020). To collect data, one reflective mark would 
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be removed while kicking the ball with the instep, i.e. at the toe-distal end of the fifth metatarsal of the kicking 
side. The athletes performed three instep kicks, one-minute intervals each time, with the athletes prepared at a 
shooting point 10 m from the target. The subject will sound "Start" (The goal is 1x1 m in the middle of the door, 
adapted from Barbieri et al., (2015) with the highest level of intensity using radar speed detectors (Pocket Radar, 
Inc. California, USA). The athletes kicked the ball with the instep with maximum force toward a designated 

target (The goal is 1x1 meters in the middle of the door), adapted from Barbieri et al., (2015) with radar speed 
detectors (Pocket Radar, Inc. California, USA).  

The instep kick used to make a ball travel at maximum speed was used to analyze 3D motion and 
kinematic parameters with Qualisys Track Manager Software motion analysis software, using Qualisys motion 
recording files to analyze hip and knee angular velocity by exporting all marker motion data from C3D files to 
file data for analysis with the program. An OpenSim package in the form of inverse kinematics analysis was used 
to obtain kinematic data of the hip and knee joints of subjects while instep kicking the ball. The data obtained 
from the 3D motion camera would be selected during the analysis. The starting point for the analysis was 
determined from the moment the subjects ran to the foot position. This period was defined as the Initial phase. 
The second phase was the backward swing. This period was defined as back swing phase. The final phase was 
the step that kicked the foot forward until it kicked the ball and swung the foot forward at the highest position. 
This period was defined as the kicking phase. The range analyzed was the kicking phase. Using the leg 
movement data that was determined, the marker movements were selected for analyzing the inverse kinematics 
procedure from Open SIM (Delp et al., 2007), and the data were analyzed further. 
Stimulation of fatigue 

Stimulating fatigue with sequential speed runs according to the Yo-Yo Intermittent Endurance Test 
Level 2 (Bangsbo, 1994) begins with the subjects running 20 meters round-trip (each trip with a 5-second rest 
period). The running was controlled by a tape-recorded audio signal. The subjects had to complete 2 round-trip 
runs at a speed of 8 km/h, then increase their speed to 10 km/h and 12 km/h, respectively. The speed of running 
would then be increased by 0.5 km/h. Subjects were asked to stop the test when they were unable to follow the 
specified sound signal and muscle fatigue was confirmed when the heart rate reached 90% of the maximum heart 
rate and serum lactate concentration was greater than 8 mmol/l (Howley et al., 1995). The subjects were then 
seated for a period of 3 minutes to recover, and the ball velocity and kinematic parameters of the instep kick were 
measured according to the ball velocity and kinematic parameters measurement procedure. 

Heart rate measurements were monitored continuously during exercise (Polar Team System, Polar 
Electro, Finland), while fingertip blood sampling was performed after exercise had ended for blood lactate 
analysis (lactate plus, Waltham, MA, USA) The control group, the plyometric and combined training groups had 
mean heart rates of 184.8 ± 0.8, 188.4 ± 0.8 and 186.2 ± 0.8 beats/min, respectively, and peak serum lactate was 
12.7 ± 0.8, 11.9± 0.8 and 12.3± 0.8 mmol/l, respectively, with no statistical difference found. The physiological 
responses of heart rate and lactic acid levels were consistent with previous studies in futsal competitions 
(Castagna et al., 2009; Makaje et al., 2012) and confirmation of physiological fatigue consisted of heart rate to 90 
percent of the maximum heart rate and the concentration of lactate in the blood greater than 8 mmol/l (Howley et 
al., 1995). Therefore, it can be said that the Yo-Yo Intermittent Endurance Test Level 2 could simulate the 
physiological responses of futsal athletes in this study.  
Data analysis 

Statistics program SPSS version 17 (SPSS Inc. Chicago, IL, USA) was used to test the normal 
distribution of the data by using the Shapiro-Wilk Test. The mean and standard deviation of ball and ankle 
velocities, as well as the angular velocity of the hip and knee joints, were analyzed. All the dependent variable 
scores were subjected to a series of 3 (training groups) x 3 (before, after training, and after fatigue testing) 
between-groups multivariate analysis of variance (MANOVA) tests to evaluate the interaction and the 
intervention's primary effects, while Tukey was used to compare post-hoc differences. Statistical significance 
was set at the .05 level. 
 

Results 

The characteristics of the 3 sample groups are shown in Table 1. There was no significant difference in 
participant characteristics between groups at the pretest (p > .05). The MANOVA using Pillai’s Trace showed 

that there was no significant interaction effect of training groups classified by testing periods on all dependent 
variables (p > .05). The results of the MANOVA found that there was no significant difference between groups 
on the combined variables (ball and ankle velocities, hip and knee angular velocities) at the pretest (Wilks' 
Lambda = 0.82 F (2, 39) = 0.74, p > .05). The Box’s M (52.78) was not significant, p > .05. However, after 

training, there was a statistically significant difference between the three groups on the combined dependent 
variables (Wilks' Lambda = .58 F (2, 39) = 2.18, p < .05, partial eta = .24). The Box’s M (121.64) was 
significant, p < .001. The post-hoc test showed that the control group was different from the plyometric training 
group and the mixed-methods training group (p < .05), but there was no difference between the plyometric 
training group and the mixed-methods training group. Similarly, there was a statistically significant difference 
between the three groups on the combined dependent variables after fatigue (Wilks' Lambda = .52 F (2, 39) = 
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2.73, p < .01, partial eta = .28). The Box’s M (59.52) was significant, p < .05. The post-hoc test showed a 
difference as it did after training.  
Table 1 shows the mean and standard deviation for the characteristics of the sample 

 
A comparison of before, after training and after fatigue found that the ball and ankle velocities, hip and 

knee angular velocities of the control group showed statistically significant reductions (Wilks' Lambda = .17 F 
(2, 39) = 6.19, p < .001, partial eta = .59). After fatigue was lower than after training and lower than before 

training (all, p < .05). However, before training and after training were not different (p > .05). In the plyometric 
group, the ball and ankle velocities, hip and knee angular velocities were significant different, Wilks' Lambda = 
.02 F (2, 39) = 6.40, p < .001, partial eta = .59). After fatigue was lower than after training but higher than before 
training (all,   p < .01). Also, after training was significantly higher than before training (p < .05). Similarly, the 
ball and ankle velocities, hip and knee angular velocities were significant different in the mixed-methods group 
(Wilks' Lambda = .01 F (2, 39) = 41.59, p < .001, partial eta = .77). After fatigue was lower than after training 
but higher than before training (all, p < .01). Also, after training was significantly higher than before training (p < 
.05). 
Table 2. Mean, standard deviation, and MANOVA results 

 
* = There was a statistically significant difference (p < .05) 
 

 
*   = Statistically significant difference from before training  

  ** = Statistically significant difference from after training 
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Figure 1.    The mean ball velocity before training, after training, and after fatigue for each group 

 
 

*   = Statistically significant difference from before training 
  ** = Statistically significant difference from after training 
 
Figure 2.    The mean ankle velocity before training, after training, and after fatigue for each group 

 
*   = Statistically significant difference from before training 

  ** = Statistically significant difference from after training 
 
Figure 3.    The mean hip angular velocity before training, after training, and after fatigue for each group  

 
*   = Statistically significant difference from before training 

  ** = Statistically significant difference from after training 
 
Figure 4.     The mean knee angular velocity before training, after training, and after fatigue for each group 
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Discussion  

Plyometric training and mixed-methods training were not significantly different for increasing ball 
speed, ankle speed, and hip and knee angular speed. However, both forms of training were more effective than 
futsal training alone. This is in line with previous studies that found that plyometric training improves leg 
muscle power, running speed and instep kick speed (Davar & Parisa, 2011; Naves, 2017; Sedano & Vaeyens, 
2009; Ozbar, 2015). Likewise, mixed-methods training increases muscle bundle size, the number of fast 

contractile muscle fibers, muscle strength, jumping power, angular velocity in knee extension from an instep 
kick, and an increase in ball speed (Jorge et al., 2008; Manolopoulos & Papadopoulos, 2006). 

Stimulating athletes to fatigue by speed running according to the Yo-Yo Intermittent Endurance Test 
Level 2 method resulted in muscle fatigue and decreased instep kick efficiency considering the decreasing speed 
of the ball, ankle speed, angular velocity of the hip and knee joints due to central fatigue and peripheral fatigue. 
Central nervous system fatigue lowered motor activity, thereby reducing muscular maximal force (Enoka & 
Duchateau, 2008), decreasing the running efficiency (Eston et al., 2003; Girard et al., 2011) and kinematics of 
lower limb movements (Dal Pupo et al., 2014; Small et al., 2009; Pinniger et al., 2000) and reducing the 
contraction force of the contractile and extensor muscles during knee flexion and extension, resulting in a 
decrease in the angular velocity of movement of lower body joints (Dal Pupo et al., 2016). Fatigue in the 
extremities is caused by a decrease in energy reserves for both the phosphagen and glycogen systems in the leg 
muscles (Krustrup, 2003) and an increase in hydrogen ions (H+), which causes muscle contractions to produce 
less force and decreases the movement of the athlete (Carroll et al., 2017). Particularly in the second half of a 
futsal game, it was found that the athletes' total movement distance per minute decreased compared to the first 
half (Castagna et al., 2009; Bueno et al., 2014; Barbero et al., 2008), which showed the increase in lactic acid 
level was associated with an increase in intramuscular hydrogen ion (H+) (Carroll et al., 2017). In this study, the 
physiological responses from the Yo-Yo Intermittent Endurance Test Level 2 of the control group showed the 
plyometric and mixed-methods training groups had peak serum lactate values of 11.9±2.2, 12.2 ± 2.9 and 12.3± 
3.1 mmol/l, respectively, indicating that athletes were truly fatigued.  

The main finding of this study was that the plyometric and mixed-methods training groups had ball and 
ankle velocity, as well as hip and knee angular velocities that were significantly higher than the control group 
after sitting down for 3 minutes; ball speed and kinematic parameters measured after muscle fatigue was 
applied. However, there was no difference between the plyometric training group and the mixed-methods 
training group. It was concluded that plyometric training and mixed-methods training resulted in no difference 
in muscle recovery ability after fatigue. Both forms of training resulted in faster recovery from fatigue than 
regular futsal training. The resulting fatigue did not cause changes in the angular velocities of the hip and knee 
joints (Rodacki et al., 2001; Rodacki et al., 2002; Dal Pupo et al., 2013), and the fatigue induced by simulated 
futsal games did not affect lower limb coordination when sprinting (Dal Pupo et al., 2016). Explosive 
movements of the muscles are not easily changed even with the ability of the muscles to produce explosive 
force around the joint changes. These may be compensatory mechanisms of the central nervous system to 
increase the strength and frequency of nerve impulses to muscles that have lost their force-producing properties 
(Bobbert & Ingen Schenau, 1988; Rodacki et al., 2001; Dal Pupo et al., 2016) and increase the ability of the 
muscles to recover from the central and peripheral nervous system fatigue resulting from plyometric and mixed-
methods training. Coaches should consider the effects of fatigue during daily training and futsal matches. A 
decrease in instep kick efficiency is seen when fatigued, which indicates the need for more substitutions during 
the competition and underscores the importance of plyometric and mixed-methods strength training for athletes 
during the pre-season to reduce fatigue levels and maintain neuromuscular performance related to increasing 
ball speed, and angular velocity of the lower extremities during an instep kick, as well as to reduce the harmful 
effects of fatigue or reduce the risk of injury to the posterior thigh muscles. 
   
Conclusion 

 This study found that plyometric and mixed-methods training was effective for increasing the ball, 
ankle and angular velocity of the hip and knee joints from instep kick, which may be due to plyometric training 
and mixed-methods training having a direct impact on optimizing neuromuscular function. As a result, the 
muscles have the ability to create more power and increase the efficiency of the skill of instep kicking in terms 
of the angular velocity of hip flexion, knee extension and ankle movement speed, causing the speed of 
movement of the ball to increase more than practicing futsal alone.  In addition, both forms of training increased 
the ability of muscles to recover faster after central and peripheral fatigue than futsal training alone, which may 
result from both forms of training enabling the ability of muscles to replenish ATP-CP and accelerate the 
breakdown of lactic acid, thus facilitating recovery from peripheral fatigue. Fatigue does not cause changes in 
the angular velocity of the hip and knee joints, which is a compensatory mechanism of the central nervous 
system to increase the frequency of nerve impulses to muscles that have lost their force-generating properties. 

Coaches and sports scientists should consider the importance of plyometric and mixed-methods 
training for athletes during the preseason to add strength to the muscles, reduce fatigue levels, and maintain the 
neuromuscular performance associated with increasing ball and angular velocity of the lower leg during instep 
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kicks as well as reduce the harmful effects of fatigue or reduce the risk of injury to the rear thigh muscles in 
futsal athletes. 
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