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ABSTRACT 

Asadi, Mostafa. 2020. The effect of maximal strength and plyometric training on physical 

performance of young football players and game intensity. University of Jyväskylä, Faculty of 

Sport and Health Sciences, Master’s thesis in Coaching and Fitness Testing, 74 pp. 

 

Football is a sport that is played in every country and it is considered as an intermittent activity 

involving sudden actions such as tackling, jumping, kicking, change of direction, and short 

distance sprinting. Aerobic and anaerobic power are important for football players. 

Nevertheless, strength, power and speed are the most important qualities for athletic 

performance. Strength training (ST) and plyometric training (PT) are two frequently used 

methods for improving sport performances. The aim of this study was to examine the effect of 

maximal strength and plyometric training on physical performance of young football players 

and game intensity. 

 

In total, thirty one young football players (age: 16.3 ±0.5, weight: 66.2 ±8.7, height:177.3 ±6.6, 

BMI: 21.1 ± 2.3) from two different football clubs competing in first division of Finland, 

participated in the 8-week training intervention. One team was recruited fully for the training 

group (TG, n=16) and the other one as the control group (CON, n=15).  Repeated sprint ability 

(RSA), 30-m sprint, countermovement jump (CMJ), yo-yo intermittent recovery test level 1 

(YYIR1), small-sided game, one-repetition maximum in leg press and dumbbell stepping lunge 

were executed before and after the intervention.  

 

The TG group improved mean time in 30-m sprint and RSA, vertical jump height in CMJ, 

maximum strength in 1RM leg-press and dumbbell stepping lunge throughout the intervention. 

The CON group did not improve in any tests. There was no significant differences between the 

groups after the intervention.  

 

Combination of strength and plyometric training together had a beneficial impact on physical 

ability of young football players. Young football players can improve their physical 

performance such as speed, maximal strength, and endurance by training twice a week. The 

training should consist of regular football training including strength and plyometric training 

and it must be scheduled in the weekly program of young football players. 

 

Key words: Small-sided game, yo-yo intermittent recover test level 1, 30-m sprint, 

countermovement jump, repeated sprint ability, one-repetition maximum. 



 

 

 

ABBREVIATIONS 

 

BMI  body mass index 

CMJ  countermovement jump  

CON  control group 

JBL  James B. Lansing  

PT  plyometric training 

RFD  rate of force development 

RSA  repeated sprint ability 

SSG  small-sided game 

SSC  stretch-shortening Cycle 

ST  strength training 

TD  total distance  

TSD   total sprint distance 

YYIR1  yo-yo intermittent recovery test level 1 

YYIR2  yo-yo intermittent recovery test level 2 

1 RM LP one-repetition maximum in leg press  

1 RM DSL one-repetition maximum in dumbbell stepping lunge  
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1 INTRODUCTION 

Football is a sport that is played in every country and it is considered as an intermittent activity 

involving sudden actions such as tackling, jumping, kicking, change of direction, and short 

distance sprinting (Stolen et al. 2005). Players’ fitness must be at the highest level that leads to 

success in football (Svensson & Drust 2005). Therefore, many studies have shown that aerobic 

and anaerobic features play a huge role in athletic performance (Bangsbo, Norregaard & Thorso 

1991; Cometti et al. 2001; Kotzamanidis et al. 2005; Stolen et al. 2005; Wisloff, Helgerud & 

Hoff 1998). Nevertheless, strength, power, speed and endurance are the most important 

qualities for athletic performance (Helgerud et al. 2001; Arnason et al. 2014; Stolen et al. 2005).  

There are different training approaches that researchers and practitioners recommend in order 

to improve these specific neuromuscular abilities (Cormie, McCaulley & McBride 2007; 

Cormie, McGuigan & Newton 2011; Kobal et al. 2016).  However, strength training (ST) and 

plyometric (PT) training are the most familiar strategies for improving sport performances 

(Lamas et al. 2012; Markovic & Mikulic 2010). The benefit of strength training has been 

already proven by increase in maximum strength and muscle hypertrophy (Cormie, McGuigan 

& Newton 2011); on the other hand, plyometric training is for improvement in muscle power 

capacity and functionality of the stretch-shortening cycle (SSC) (Folland & Williams 2007; 

Komi 1984). There are studies that have shown combining ST and PT may have greater positive 

impact in muscle capacity comparing with ST and PT alone (Kobal et al. 2016; Helgerud et al., 

2001). This study will focus on TD (traditional training) and search the effects of neuromuscular 

training (ST and PT) on sprinting ability, strength, and endurance of young football players. 

Lloyd et al. (2014) stated that developing “athleticism” is to maintain health, increase physical 

fitness ability, reduce risk of injury, and enhance the confidence and competence of athletes for 

long term progression and development of youth athletes. 
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2 PLYOMETRIC TRAINING 

2.1  Plyometric training in football 

Plyometric training (PT) exercises are mainly jump drills and count as a resistance training 

(Asadi et al. 2016). It has been proven that PT is an effective way for sprinting and jump ability 

improvement; in addition to that it has a positive influence on running economy, joint stability, 

and prevention of injury (Impellizzeri et al. 2006). It is possible to do PT exercises with or 

without external loads, which has been shown that both can improve physical performance of 

the athletes (Ronnestad et al. 2008).  

Plyometric exercises will develop sport performance and prepare young athletes for the 

requirements of training and competition. Even though physical training is beneficial for young 

athletes, the age must be taken into a consideration because of hormonal changes (Wang & 

Zhang 2016). According to some studies young athletes should have physical exercises in their 

training sessions (Behringer et al. 2011; McCambridge & Stricker 2008). Plyometric exercises 

include lots of loads on joints, tendon, and muscle; therefore, designing PT for young athletes 

must be carefully done. Duration, technique, and intensity are the most important factors that 

should be paid attention on. By means of that PT can be safe and effective for young athletes 

in their performance abilities (Wang & Zhang 2016). 

2.2 Stretch-shortening cycle (SSC) 

Plyometric training includes stretch-shortening cycle (SSC) muscle action, where lengthening 

refers to eccentric contraction and shortening points to concentric contraction. These types of 

exercises can increase dynamic performances by using maximal force at short intervals; 

whereby during a movement pre-activated muscle is first stretched and followed by a shortening 

phase of the same muscle and connective tissue (Komi 1984; Miller et al. 2006) (Figure1). 

Researchers believe that PT has a functional effect on power production, which is strongly 

connected with performance of football players (Arnason et al. 2014; Ramirez-Campillo et al. 

2018). As SSC improves the muscle-tendon unit will generate maximal force, which is an 
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essential factor for PT (Asadi et al. 2016; Bauer, Thayer & Baras 1990; Komi 1984), therefore 

football training includes this type of muscular power training. 

 

 

 

FIGURE 1. Phases of stretch-shortening cycle (Modified from Komi 1992) 

Regarding to Komi 1992 “phase (A) eccentric contraction refers to pre-activation of agonist 

muscle, where elastic energy is stored in the series elastic components. Phase (B) indicates to 

amortization, where muscle spindles are stimulated and type 1a afferent nerves synapse with α 

motor neurons transmit a signal to agonist muscle group. Lastly, phase (C) concentric 

contraction point to shortening of agonist muscle fibers, where elastic energy is released from 

the series elastic component and α motor neurons stimulate the agonist muscle group, which 

correspond to Plyometric training” (Komi 1992, Wang & Zhang 2016). 

 

A C B 
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3 STRENGTH TRAINING  

3.1 Strength training in football  

Power and velocity performance are results of maximal strength (Baker 2001). Therefore, any 

improvement in maximal strength by planned strength training will affect power and velocity 

performance. When there is an increase in one repetition maximum, there will be an increase 

in power, acceleration, movement velocity and jumping (Baker, Nance & Moore 2001). The 

range of speed and loads can define the meaning of strength, and as load increases there will be 

an inverse connection between force and velocity. Consequently, when the load is heavier the 

velocity is slower and when the load is lighter the velocity is higher (Toji & Kaneko 2004; 

Taber et al. 2016).Researchers have found that there is a limitation in human muscle velocity 

regarding shortening of muscle (Nyitrai et al. 2006; Sargeant 2007), so the quality of strength 

must be increased in order to improve force-velocity concept (Taber et al. 2016). 

Traditional strength training exercises improve force production, speed and acceleration in 

young football players even during short-term training (Westcott 2012). There are many 

benefits concerning strength training, which are improvements in cardiovascular, endocrine, 

velocity of movement, injury prevention, body composition, an increase in velocity of 

movement, peak ground reaction force, muscle mass, and bone development (Stowers et al. 

1983; Westcott 2012). Muscle strength is a major factor that has an important influence on 

success in sport (Dowson et al. 1998; Young et al. 1999) and neuromuscular system with the 

ability of production maximal force is as important as endurance performance. Activities such 

as kicking, jumping, turning, and sprinting are in relation with neuromuscular system (Cometti 

et al. 2001; Kalapotharakos et al. 2006). 

3.2 Maximal strength 

Maximal strength is the ability to generate the upper limit of the force. Production of higher 

force is improved when there is an increase in maximum strength (Baker 2001). Strength is also 

in a relation with RFD, impulse, momentum, velocity, and power. Many studies have been 
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reported that maximal strength has a strong relation with rate of force development (RFD) and 

power (Baker 2001; Baker, Nance & Moore 2001, McLellan, Lovell & and Gass 2011; Taber 

et al. 2016). The ability to produce maximal force is dependent on time limitation of sport 

related task. This statement makes it clear about the importance of RFD with limitation of time 

demands. Submaximal and maximal are the two different levels of strength; however maximal 

strength is the one that has more influence on performance than submaximal (Stone et al. 2004; 

Taber et al. 2016).  

Strength training has grown in popularity, and it has been used by athletes, adults, adolescents, 

elderly and clinical populations in different ways (Kraemer, WJ & Ratamess 2004). Strength, 

power, balance, coordination, agility, and speed are qualities of physical performance that are 

often attached with the strength training outcomes (Thompson et al. 2014). Strength training 

programs can be planned with taking in a count of the exercise intensity, volume, frequency, 

order and exercise mode and selection (Kraemer, WJ & Ratamess 2004; Stone et al. 2002).  

3.3 Strength training and testing strength in athletes 

In strength training the neuromuscular system has an important role and loading the 

neuromuscular system is the essence of everything. There are many ways to design a program 

with the same load. The training program can be different in training density x sets x frequency 

x load. In order to that, it is possible to increase frequency of the training and have a decrease 

in intensity from one repetition maximum or sets x repetitions. Designing a strength training 

depends on the goal, training background and quality of the athletes (Lloyd et al. 2014). 

Jumping is a movement where an athlete needs to connect upper- and lower-body segments in 

regards of motor coordination arrangement (Markovic et al. 2004). The countermovement jump 

(CMJ) is mainly used for the measurement of lower-body strength and explosiveness (Markovic 

et al. 2004), and it has been one of the most used tests for keeping track of neuromuscular status 

in athletes (Gathercole, Stellingwerff & Sporer 2015). Consequently, when performance in 

many athletes depends on their ability to generate force quickly (Newton & Kraemer 1994), 
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therefore valid and reliable tests are beneficial to control the effects of training (Markovic et al. 

2004).  

The CMJ test can be performed either with or without use of the arm-swing. According to some 

studies, using arm-swing during the jump will have an increase in performance by 10% or more 

(Cheng et al. 2008). Also, athletes must remember to keep their knee, ankle and hip extended 

during the jump for avoiding any additional flight time (Markovic et al. 2004; Nuzzo, Anning 

& Scharfenberg 2011). Countermovement jump as a measurement is functional, simple and 

reliable in related to finding strength in athletes’ lower-limbs, therefore CMJ is a clear way to 

measure and monitor performance of the athletes (Markovic et al. 2004). 

Researchers stated that 30-m sprint (Markstrom & Olsson 2013), and relative strength in 

dynamic 1RM squat and power clean (Nuzzo, Anning & Scharfenberg 2011) are linked with 

CMJ performance. In other words, athletes with higher CMJ result perform better in sprint 

performances and 1RM tests (Markovic et al. 2004). 
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4 ENDURANCE 

4.1 Endurance performance 

Aerobic capacity in is an important component for football players, they need high level of 

aerobic system for high intensity with intermittent bouts of activity during a game. During a 

competitive game, an athlete could lose approximately 90% of the total energy (Bangsbo 1994; 

Moran et al. 2019), which is highly related to performance ability (Chamari et al. 2005; 

McMillan et al. 2005; Moran et al. 2019). According to Aughey (2011), there is usually 20 

seconds of rest between high-intensity efforts. 

Saltin and Gollnick 1983 stated that human body has a significant ability to answer to the 

functional changes requirements. Exercise training is one of the standpoints that use this 

plasticity, where endurance is enhanced by moderate intensity and long duration exercises 

(Saltin & Gollnick 1983; Degens et al. 2019). 

There are different endurance trainings such as steady-state or extensive interval training, which 

coaches have been used to improve the aerobic capacity of their players. Even though, that type 

of training will positively effect on maximal oxygen uptake, blood lactate, and running 

economy (Iaia, Rampinini & Bangsbo 2009; Moran et al. 2019), but not necessarily help the 

player with the intermittent activity and to perform football skills under fatigue condition 

(Harrison et al. 2015; Moran et al. 2019). Consequently, coaches should understand this aspect 

regarding aerobic system because fatigue has been shown to have a negative influence on 

performance of the players (Russell & Kingsley 2011; Moran et al. 2019).  

4.2 Yo-Yo Intermittent Recovery Test (Yo-Yo IR) 

The mainly used test for measuring intermittent physical ability of football players is yo-yo 

intermittent recovery test (YYIR). YYIR test consists of two different levels with common 

characteristic methods. Both levels have 20m shuttle runs where velocity will be increased 
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progressively with 10 seconds of active recovery until exhaustion (Rampinini et al. 2010). The 

only difference between the two levels is the progressive velocity of the tests. Accordingly, yo-

yo intermittent recovery test level 1 (YYIR1) is for young athletes with lower aerobic capacity 

which starts at 10 kilometers per hour; on the other end yo-yo intermittent recovery test level 2 

(YYIR2) starts at 13 kilometers per hour and it is directional for athletes with higher fitness 

capacity. Submaximal yo-yo intermittent recovery test is another form of YYIR test, where it 

concentrates during in-season for injury rehabilitation, or athletes who have difficulties to 

perform maximal tests (Fanchini et al. 2014; Mohr, Krustrup & Bangsbo 2003).  

There are physiological differences between the two levels of Yo-Yo IR test, where Yo-Yo IR1 

is more correlated with maximal oxygen consumption (Rampinini et al. 2010) examining 

athlete’s ability to perform repeatedly high-intensity aerobic bout (Fancini et al. 2014; Walker 

2016). On the other hand, Yo-Yo IR2 is more related with the demands of anaerobic capacity 

(Rampinini et al. 2010) investigating athlete’s ability to perform intense intermittent activities 

with a remarkable aerobic support (Fanchini et al. 2014; Bangsbo et al. 2008). 

4.3 Repeated Sprint Ability (RSA) 

Repeated sprint ability is a quality when a person can sprint with high intensity back to back 

with a short recovery phase (Dawson, Fitzsimons & Ward 1993, Impellizzeri et al. 2006). In 

football players, fatigue occurs during the match temporarily and it increases toward the end of 

the match, at the same time notifies the reduction in repeated sprint ability (RSA) (Collins et al. 

2018). The ability to repeat activities such as jogging, jumping and sprinting are important in 

football players (Mohr, Krustrup & Bangsbo 2003; Stolen et al. 2005; Impellizzeri et al. 2006). 

That is the reason why RSA exercises getting more popular among football players and it is 

important for their physical performance (Impellizzeri et al. 2006). In addition to ability of 

performing several repeated sprints, RSA is also an important determinant of performance in 

football players that can be used as a good sign of high-intensity performance during a match 

(Rampinini et al. 2007). In a football match, players perform repeatedly maximal sprints for 

duration of 1-7s with a short period of recovery (Bangsbo, Norregaard & Thorso 1991; 

Impellizzeri et al. 2006).  
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Repeated sprint ability tests consist of many sprints with short periods of time, which happens 

during an actual football games and it is a quality of a high-level athlete (Spencer et al. 2005, 

Svensson & Drust 2005). The most important feature in RSA tests is that it should reflect the 

physical demands of a real football match (Impellizzeri, Rampinini & Marcora 2005).  

 

There are many repeated sprint ability tests that have been developed and used in different 

studies Table 1, which has fifteen to fourty meters (15-40 m) of distance with repetition of 3-

15 including 15-30 s of recovery (Da Silva, Guglielmo & Bishop 2010; Rampinini et al. 2009). 

When choosing RSA protocol, the length of recovery should be carefully recognized by 

answering the physical demands of match play (Buchheit et al. 2010). 

 

Mostly total- or mean sprint time has been used for evaluating RSA in football players (Aziz et 

al. 2008, Impellizzeri et al. 2006).  According to Rampinini et al. (2007) RSA, the number of 

high intensity work and total distance during a football match has been an important factor of 

endurance in team sports and there is a strong statistical relationship between them. Analysis 

of football matches has given the information about the rest periods between each sprint by less 

than 30s, which does not have a good influence on the following sprint effort (Spencer et al. 

2004; Bishop and Spencer 2004).  

 

 

 

 

 

 

 

 

 

      

Study Test protocol TSD     Recovery  

Krustrup et al. 2010 3x30m 90 m    25 s 
Gabbett, 2010 6x20 120 m   <15 s 

Aziz et al. 2007  6x20m 120 m   20 s 

Mujika et al. 2009 6x30m 180 m   20 s 
Dellal et al. 2012 10x20m 200 m    30 s 

Dupont et al. 2010 7x30m 210 m   25 s 

Chaouachi et al. 2010 7x30m 210 m   20 s 

Meckel et al. 2009 6x40m 240 m   25 s 
Impellizzeri et al. 2008 6x20+20m 240 m   20 s 

Bangsbo et al. 1994  7x34.2m 240 m   20-25 s 

Wong et al. 2010 9x30m 270 m   25 s 

Tonnessen et al. 2011 10x40m 400 m   60 s 
Little & Williams 2007 15x40m 600 m   20-30 s 

      
TABLE 1. Repeated sprint field test protocols [sets x (repetitions x distance)] used on 

young elite or professional football players. TSD, total sprinting distance. Modified from 

(Haugen et al. 2013).  
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There are variations and differences regarding timing in testing RSA make the situation 

complicated. However, most of the RSA tests simulate an intensive game period along with 

short recovery between each sprint. Therefore, it is a possibility of overrating the aerobic 

demands of the test. Total time in RSA tests are extremely in correlation with single sprints, 

therefore it is determined that RSA has a relation with short sprint than endurance capacity 

(Pyne et al. 2008).  Balsom et al. (1992) reported that short sprints (15m) are better compared 

to longer sprints (30-40m) concerning harmful effects. This might be the reason behind the 

developed RSA tests which include small amount of sprinting.  
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5 SMALL-SIDED GAMES (SSGS) 

5.1 Small-sided games in football 

If football players want to reach the optimum performance, they need to control their training 

load. There are two different ways that coaches and scientists can clarify training loads of an 

individual. Training loads can be monitored internally by heart rate and blood lactate, rating of 

perceived exertion or externally by monitoring distance covered, maximum speed, and quantity 

of different intensity running (Helgerud et al. 2007). High-intensity training is used for 

improving football player’s endurance performance, but football players have an alternative 

training in the form of small-sided games (SSG) (Impellizzeri et al. 2006; Radziminski et al. 

2013).  

Coaches use small-sided games (SSG) to improve physical fitness, technical and tactical 

abilities of football players (Hill-Haas et al. 2009; Impellizzeri et al. 2006; Rebelo et al. 2016). 

Physical and physiological qualities of athletes are important and it should be well developed 

(Hoff 2005; Lacome et al. 2017), but there are match contextual factors that prevent poorly 

trained players to profit their physical potential during games (Paul, Bradley and Nassis 2015; 

Lacome et al. 2017).  

5.2 Influence of mental fatigue in small-sided game  

A psychobiological factor such as mental fatigue is recognized when an athlete feels tired with 

small amount of energy that is the result of slow periods of demanding cognitive activity 

(Boksem, Meijman, Lorist 2005). There are studies that have shown mental fatigue can 

influence the effort during an endurance-based physical activity (Brownsberger et al. 2013; 

Marcora, Staiano, Manning 2009; Pageaux, Marcora, Lepers 2013; Smith et al. 2016).  As 

football is an endurance-based sport, therefore mental fatigue may influence how much distance 

a player could cover during a match. As physical quality of an athlete decreases, the quality and 

quantity of technical performance will reduce (Carling & Dupont 2011; Bradley et al. 2011). 

Lately researchers reported that there has been a decrease in football-specific physical and 

technical performance when it is related to mental fatigue players (Smith et al. 2016). Therefore, 
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SSG are general training protocol for football players because it accurately reflects the physical 

and technical demands of a real game (Hill-Haas et al. 2011; Dellal et al. 2011; Casamichana 

& Castellano 2010).  

Coaches and scientists are interested in how much SSG and football game play replicate each 

other in regarding of physical demands. They are mostly concerned with optimizing training 

stimuli. Therefore, it is important to understand differences in physical requirements between 

SSG and match play (Casamichana, Castellano & Castagna 2012; Rampinini et al. 2007).    

It is reported that elite young central midfielders and strikers only reach 85% to 94% of their 

maximal running speed during a game (Al Haddad et al. 2015).  

According to Bordonau and Villanueva (2014) elite players are physically fit enough but they 

are not necessarily at their best. In the past years, the methodology behind football training 

related to physical training in se the sense of training with ball has been developed. This type 

of training is referred as “the tactical periodization model” and gives the players a great lead 

regarding physical development on both quality and density of athletes’ specific actions and 

intercommunication (Bordonau & Villanueva 2014; Lacome et al. 2017). Football games 

demand endurance, speed and strength, which are the three important base for fitness and in 

“tactical periodization model”; its important principle is the overload relative to football games 

(Impellizzeri et al. 2006; Lacome et al. 2017). Impellizzeri et al. in (2006) noted that training 

must include exercises involved endurance, speed and strength in a football-specific way during 

the week not only in a single session. This helps the coach to improve the tactical principles 

during this type of session and as match-overload could be reached, therefore there would be 

an improvement in physical fitness of athletes using SSG. (Impellizzeri et al. 2006; Lacome et 

al. 2017).  
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5.3 Small-sided games as a drill 

 

There are five different parameters related to planning training loads of high intensity endurance 

exercises that should be paid attention on. These parameters are duration period, intensity, 

recovery time between period, intensity during recovery period and total training duration 

(period number x period duration) (Seiler & Sjursen 2004). Coaches use SSG as a training drill 

to improve the physical fitness, technical and tactical qualities of football players (Rebelo et al. 

2016; Hill-Haas et al. 2009; Impellizzeri et al. 2006). There are components that are important 

in maintaining physical demands of SSG (Casamichana, Castellano & Castagna 2012; 

Rampinini et al. 2007). When planning a SSG drill, the field size (Table 3) (Casamichana & 

Castellano 2010; Rampinini et al. 2007), number of players Table 2 (Brandes, Heitmann & 

Muller 2012), rules (Hill-Haas et al. 2010), feedback of the coach (Brandes & Elvers 2017, 

Rampinini et al. 2007), duration (Ferraz et al. 2018), using goalkeepers and training regimen 

(Castellano, Casamichana & Dellal 2013) must be recognized to make a perfect SSG drill that 

can develop the physical and tactical abilities of an athlete. Therefore, those factors have a great 

benefit on physical qualities of SSG training (Hill-Haas et al. 2011).  

5.4 Number of players in SSGs 

Number of players on the field has a great impact on intensity, technical, tactical and 

physiological effect of the game (Rampinini et al. 2007). Rampinini et al. in 2007 mentioned 

that in order to understand the intensity of the SSG influenced by the number of players, the 

field size must be kept the same. Table 2 shows the differences between different set ups during 

SSG in some studies. 

In the study of Hill-Haas et al. (2009), 2 v 2 sub-phased lead to greater amount of time spent at 

490% heart rate (HR) max than the 4 v 4 and 6 v 6 sub-phases. These results give the 

information that fewer number of players caused higher HR responses with players spent more 

time in the higher heart zones (Hill-Haas, Dawson, Coutts & Rowsell, 2009). Also in study of 

Athanasios &  Eleftherios in (2009), 3 v 3 appeared to be harder in intensity compared to 6 v 6 
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situations. Adding players to SSG drills can decrease heart rate, which means when there is an 

increase in number of players during SSGs drills it will decrease heart rate and physical 

demands of the athletes (Owen, Twist & Ford 2004).  

 

TABLE 2. Set up of SSG in different studies.  

Modified from Clemente et al. 2012.  

Also, Rampinini et al. (2007) study showed that, when there were less players in the field during 

SSG drill there was an increase in intensity of the game. At the same time when there were less 

players on the field the frequency of ball touches by each athlete increased (Rampinini et al. 

2007).  

5.5 The field size in SSGs 

The space that players must move is depended on the field size and according to that passing 

and receiving ball and complete the task during SSG may be influenced because of the field 

size. That is why coaches have the responsibility to plan an accurate SSG drill to achieve the 

main goals of the training (Clemente et al. 2012). Even though there is not much literature 

information regarding the physical aspect influenced by the field size, but Rampinini et al. 

(2007) stated that HR of the players were higher in larger fields than small ones. Also, 

Casamichana and Castellano (2010) found similar results in their study that players had higher 

physical and physiological values when they played in a bigger field Table 3. 

 

 

 

     

Study Numver of players  Field size   Duration 

Little & Williams 2007 5v5 45x30 m   4x6 min 

Rampinini et al. 2007  5v5 30x40 m  4 min 

Jones & Drust, 2007 4v4 30x25 m  10 min 

Dellal et al. 2008 5v5 30x25 m  2x4 min 

Hill-Haas et al. 2009  4v4 40x30 m   24 min 
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HID, high intensity distance; TD, total distance 

 

The size of the field can effect in different ways; for example smaller field may bring more 

braking, change of direction or acceleration, on the other hand larger field gives players more 

time to react and move (Clemente et al. 2012). There can be an increase or a decrease in the 

distance between players and it can affect the match-play technically, which means that players 

had more actions in larger fields than smaller ones (Casamichana & Castellano 2010, Clemente 

et al. 2012). 

5.6 Rules in SSGs 

Rules are important factors in SSGs that can be used as a tool to achieve the goal of the training. 

It helps players to focus on the specific information in terms of perception. Hence, rules limit 

the movement of the players during a match-play and it is depended on instructions (Clemente 

et al. 2012). An example of rules can be, “keep the ball in possession”, which Mallo and Navarro 

(2008), did in their study. They founded by that rule, players touched the ball more and short 

distance passes increased in SSGs. This type of rules or instructions can have an impact on 

technical side of the game (Mallo & Navarro 2008). Also, there were differences in physical 

and tactical part of the game when goalkeepers were included in the SSG. According to Mallo 

and Navarro (2008) the presence of goalkeeper put players in the situation that they tried to 

play more carefully and defensively, at the same time the intensity and distance covered by 

players decreased.  

       

Study 
Number of 

players 

Field 

size 

(m)  

  Duration  TD HID 

Casamichana & Castellano 5v5 32x23   8 695.8m 50.3m 

 5v5 50x35  8 908.9m 155.4m 

 5v5 63x44  8 999.6m 180.9m 

              

TABLE 3. The results in total and high intensity distance in Casamichana & Castellano 2010 study.  

Modified form Clemente et al. 2012.  
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In study of Hill-Haas et al. (2009) there were significant differences between intermittent and 

continuous exercises. Intermittent exercises increased the amount of moderate to high speed 

running compared to continuous in SSG. Therefore, physical level of the players is depended 

on recovery time, and the effects of continuous and intermittent exercises are physically in 

different levels during SSG (Hill-Haas et al. 2009, Clemente et al. 2012). Hill-Haas et al (2009) 

added that the reason behind the number of sprints might be the additional passive rest between 

the games, which allowed players to have more recovery time.  

 

These results show (in 3 previous sub-chapters) that coaches can effect on the intensity of the 

drill depending on what is the goal of the training. SSG drill can be either beneficial or 

ineffectual, therefore coaches should be aware of what they want to achieve by training SSG. 

Physical, tactical and technical level of each team must be carefully considered. This means 

that the same exercise for two different teams may not be as beneficial for both of them. 

Consequently, coaches need to understand how to use several factors in order to adjust the SSG 

to training objectives (Clemente et al. 2012). 
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6 AIMS OF THE STUDY 

There are many different approaches to improve physical performance of the athletes. Many 

studies have shown that strength training and plyometric training together lead to a greater 

improvement in physical demands of football players. (Adams et al. 1992; Harris et al. 2000; 

Chaouachi et al. 2012). Therefore, the aim of this study was to design a training program 

including strength and plyometric exercises that could improve the physical ability of young 

football players and to increase the game intensity after the training intervention.   

Research Question 1: Does the combination of strength and plyometric training influence 

physical performance of young football players?  

Hypothesis: Yes, the combination of strength (ST) and plyometric (PT) training has beneficial 

impacts on physical performance of young football players. Many studies proved that young 

football players can improve their physical ability including speed, endurance, and strength by 

having ST and PT combined in their training program (Ronaldo et al. 2016; Smilios et al. 2005; 

Ronnestad et al., 2008). Combination of ST and PT training induced important gains in 

countermovement jump and sprint ability of young football players (Marquez et al. 2015). 

Research Question 2: Is there a relationship between game intensity (small-sided game) and 

physical ability of young football players?  

Hypothesis: Yes, there is a relationship between small sided game and physical ability of young 

football players. Chaouachi et al. (2014) and Los Arcos et al. (2015) found a positive 

relationship between small-sided game, 30-m sprint and countermovement jump. In the study 

of Dello Iacono. (2016), Radziminsky et al. (2012) and Hill-Haas et al. (2009) the physical 

factors of football players including sprint, jump, yo-yo intermittent recovery and repeated 

sprint ability were in a significant relationship with small-sided game.  
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7 METHODS 

7.1 Subjects 

There were 32 youth football players (age: 16.3 ±0.5, weight: 66.2 ±8.7, height:177.3 ±6.6, 

BMI: 21.1 ± 2.3) from two different football club competing in first division of Finland, 

participated in this study. One team was recruited fully for the training group (TG: additional 

strength training twice per week during 8 weeks of training intervention) and the other one as 

control group (CON: normal football training during the intervention of 8 weeks). The training 

group had no experience in strength training. On the other hand, the control group was just 

started to have a session of strength training per week. The training group had only some 

experience of muscle condition training using their own bodyweight. Therefore, all the 

important information was given carefully to the subjects and all the coaches. All the 

information including risks and benefits involved in this study was told accurately to the 

subjects and coaches. In addition to the strength training program for training group, the 

subjects had also football training sessions including technical and tactical training twice a week 

and some friendly matches were also involved during the training intervention.  When the pre-

test was done; the control group had normal football training four times in a week including 

one session of strength training and friendly matches were also involved during the intervention.  

Before starting of the research each player was asked to bring an informed consent form signed 

by their parents. The research was revealed by the University of Jyväskylä Ethical Committee.  
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Table 6. Age, height, weight, number of participants and body mass index in both groups before 

and after the intervention.  

The subjects in TG group were divided into two different groups (8 players per group) 

according to their pre-test results (the closest 1RM results were placed in the same group), 

because of saving time during training sessions. The subjects had no injuries before pre-test 

measurements.  

7.2 Study design 

The experiment was completed during in- and off-season of Finnish first division competition. 

Due to various barriers that came across to this research’s study design; there were various 

changes that came along with the new team and different tests, also the time of the intervention 

was set totally at different times. Due to different challenges in control group; there were only 

four to eight (4 to 8) players in different tests, who completed the research Table 6. Number of 

player’s and every other change regarding groups are considered in statistical analysis.  

The control group’s (CON) intervention took place at the end of the season and training group’s 

(TG) intervention took place in off-season after their vacation was over.  The intervention lasted 

for ten (10) weeks including two (2) weeks of pre- and post-test measurements. 

Group Age Height (cm)  Weight (kg) BMI (kg/m²) 

TG pre-test (n=16) 16.3±0.5 176.3±7.9   65.9±11.2 21.1±2.6 

CON pre-test (n=16) 16.2±0.4 178.3±4.8  65.5±5.3 20.9±1.9 

TG post-test (n=15) 16.3±0.5 177.2±7.3  67.3±11.5 21.3±2.8 

CON post-test (n=4-6) 16.2±0.4 178.6±4.6  65.9±4.8 20.3±1.6 

 

TG, training group; CON, control group; BMI, body mass index.  
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7.3 Training programme 

In this study, the TG group had their own football training twice a week and two sessions of 

combination of ST and PT training. CON group was instructed not to have any ST or PT 

exercises in their program. Only football training was allowed for CON group. ST training was 

consisted of leg press and dumbbell stepping lunge. Between each set both in PT and ST 

training, there was at least three minutes of rest. The load for each week was counted from the 

1RM results Table 7. TG group was divided into two groups regarding their 1RM results. The 

players whose load was near to each other was placed into the same group. Due to small number 

of adjustable dumbbells the training order was also different. Therefore, ST training LP (leg 

press) and DSL (dumbbell stepping lunge) was performed alternately between the groups Table 

4. There was always warm up included in each exercise with less weights.  

TABEL 4 ST training programme of the TG group ST, Strength training; REPS, repetitions; 

LP, leg press; DSL, dumbbell stepping lunge.  

PT training was consisted of squat jump, skater jump, scissor jump, forward box jumps and 

drops. Forward box jumps and drops performed on three different height. The height of the 

boxes was set at 20cm, 40cm and 60cm during the whole intervention. All the PT exercises was 

performed at the same time with using only body weight Table 5. 

 

 

 

        

ST TRAINING        

Weeks Load % Sets   REPS Rest Group 1  Group 2 

Week 1-2  60% 4   5 3+ LP DSL  

Week 3-4 70% 4  4 3+ DSL  LP 

Week 5-6 80% 4  3 3+ LP DSL 

Week 7-8 90% 4  2 3+ DSL  LP 
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TABLE 5. PT training programme of the TG group 

PT, plyometric training; REPS, repetitions; BW, body weight 

7.4 Testing procedures 

All the tests were completed inside a football facility including running tracks.  Pre- and post-

test measurements were taken place in three different days separated by twenty-four hours for 

training group. Due to distance and schedule problems, two days of testing sessions separated 

by twenty-four hours was completed for the control group. All the tests were measured during 

the same time of the day. Players had their own warming up routine that was instructed by their 

captains before starting the testing sessions both in training- and control group. Before pre- and 

post-test measurements height and weight of each player were clarified.  

      

PT TRAINING      

Weeks Load Sets    REPS REST 

Week 1-2 BW 3   6 3+ 

Week 3-4 BW 3  6 3+ 

Week 5-6 BW 3  6 3+ 

Week 7-8 BW 3  6 3+ 
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7.4.1 Countermovement jump (CMJ) 

The captains lead the warm-up for about 15 minutes before the countermovement jump test. 

Each player had 3 submaximal countermovement jumps to learn the movement and technique 

of the concerned jump. The CMJ was performed in basic infrared jump and speed analyzer 

Figure 2. Each player performed 3 maximal jumps with hands on the hip following 2-3 minutes 

of rest period between each attempt. The result of each jump was counted automatically by the 

device. The highest jump achieved out of three attempts was counted as their CMJ height and 

used for data analysis.  The test was fully supervised and instructed.  

 

FIGURE 2 The device that was used for countermovement jump test (infrared jump and speed 

analyzer). 

Each player was instructed to start the jump in standing position with hands on hip and then 

fast drop into the squat position and immediately jump as high as possible as demonstrated in 

Figure 3.  



 

23 

 

 

 

 

 

 

 

 

 

FIGURE 3 Countermovement jump test (A: starting point → F: ending point).  
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7.4.2 One-repetition maximum (1RM in leg press and dumbble stepping lunge) 

One-repetition maximum was used to measure the maximal strength of the players. Players did 

not have any experience of one repetition maximum testing. The test quality was set at the best 

to get subject’s maximum strength accurately both in dumbbell stepping Figure 4 lunge and leg 

press Figure 5. A set of warm-ups for 15 minutes was leaded by the captain. The load was added 

progressively, and repetition was reduced to one until to the failure to get an accurate 1RM for 

each player in both 1RM tests. The two tests were separated by twenty-four (24) hours. There 

were three to four (3-4) minutes of rest periods between each attempt. Concentric and eccentric 

phase were involved in both 1RM tests.  

FIGURE 4. 1 repetition maximum test in dumbbell stepping lunge (A: starting point → F: 

ending point).  
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FIGURE 5. 1 repetition maximum test in leg press (A: starting point → F: ending point). 
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7.4.3  30 m-sprint  

The sprint test was measured to see the speed of each player and acceleration ability of the 

subjects on an indoor running track. Subjects had a quick warm-up with different types of run 

because they already had a session of warming-up before earlier test. Each subject did only one 

submaximal run before the actual test. Basic infrared speed analyser FIGURE 6 including 

timing gates were used to measure the speed of each player by taking time and it were located 

thirty (30) meters apart each other. The rime resolution was set at 0.01s. There was a line 

marked one meter behind the first timing gates, where each player had to start the run and 

accelerate towards the end to get the best result. Each player had three maximal runs with two 

to three (2-3) minutes rest between each attempt, and the best run was counted for data analysis.  

 

 

 

 

 

 

FIGURE 6. The set up in 30-m sprint test.  
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7.4.4 Repeated sprint ability (RSA) 

Plyers were already warmed-up and ready to proceed the test protocols. Repeated sprint ability 

is a test that is mostly used in team sports to evaluate the aerobic ability of athletes. The test 

equipment was setup in an indoor running track. Timing gates were used in this test and located 

30 meters apart each other. The starting point was marked one meter behind the first timing 

gates. As the name of the test says, each player had to run back to back with a 30 seconds (s) 

of active rest Figure 7. The passive rest was to jog back to starting point and getting ready for 

the next sprint. Each player had to sprint 5 times and the average of 5 runs was counted for data 

analysis. 

 

 

 

 

 

 

 

FIGURE 7. The set up in Repeated sprint ability (RSA) test.  
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7.4.5 Yo-Yo intermittent recovery test level 1 (YYIR1) 

The Yo-Yo tests are used to evaluate the endurance ability of athletes. The Yo-Yo intermittent 

test level one was used in this research in an indoor football facility on turf with cleats on. There 

were clear instructions provided to the athletes and they jog two shuttles just to get the idea of 

the test protocol. The 15 minutes session of warm-up including stretching before the test was 

leaded by the captains of the teams. The setup of the yo-yo test is shown below in Figure 8. The 

test was finished, if the player did not complete the run in time before the audio cue. Each 

shuttle run was twenty (20) meters and there was five (5) meters of recovery area. The audio 

cue came from James B. Lansing (JBL) speaker that was connected to a mobile. 

 

 

 

 

 

 

FIGURE 8. The set up in yo-yo intermittent recovery test level 1 (YYIR1).  

20m 

Sprint area 

5m 

Recovery area 

Yo-Yo Intermittent Recovery Test Level 1 
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7.4.6 Small sided-game (SSG) 

Small sided game was done on turf inside a football facility to reflect an actual football game 

to monitor the maximal speed, total distance and distance in different zones covered by the 

athletes. All the information was recorded by Polar Team Pro Figure 9. 

 

 

 

 

 

 

FIGURE 9. Polar Team Pro device that was used in small-sided games to monitor total distance 

covered, maximal speed and distance in different zones.  
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The size of field was set at 30x40m (width x length) shown in Figure 10. Each session was 4 

minutes long with a high intensity and 2 minutes of rest between each session. There were lots 

of footballs around the area to make sure that the game continues immediately after the ball 

goes out. Goalkeepers were instructed to get a new ball and open the game as soon as the ball 

is in the goal or out of the field. Players were instructed to play with a high intensity and as 

close as a real football game. The polar team sport system was used to measure all the 

information needed for this test including heartrate, distance covered, sprints and speed of the 

players. 

 

 

 

 

 

 

FIGURE 10. The set up in small-sided game. The width of field was set at 30 meters and the 

length was set at 40 meters.  
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7.5 Statistical analysis 

Statistical analyses were executed with IBM SPSS statistics 26. In this study all data is reported 

as mean ± standard deviation (SD) and mean rank. The normality of all data was examined by 

Kolmogorov-Smirnov normality test. Homogeneity of the variances was revealed by Levene 

Test. P-value in every test was set at 0.05. In case if, p<0.01 and p<0.001 are reported 

seperately.  

The differences within the groups after the training intervention were analysed by Paired 

Samples T-Test. The Independent Samples T-Test (Levene’s test for equality of variances) was 

used for analyzing the results of pre-tests between the two gropus. There were a big difference 

in the number of subjects after the training intervention. Therefore, the Two-Independent-

Samples test (Nonparametric Test; Mann-Whitney Test) was used to analyse the differences 

between training group (TG) and control group (CON).  

Due to lack of players in the control group, the results were only analysed for the training group 

in small-sided game before and after the intervention.  
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8 RESULTS 

8.1 Results of pre- and post-tests in training group (TG) 

The next table presents anthropometrical data and the results of physical performance tests of 

the training groups before and after the intervention. The normality of the results in pre- and 

post-tests were tested by Kolmogorov-Smirnov test.  

In training group (n=16) players participated in pre-test measurements. After the training 

period, there were  less players in some post-test measurements and (Table 7) presents, how 

many palyer particiapted in each measurements.   
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TABLE 7. Anthropometrical results of the physical performance before and after the 

intervention in training group (TG). The table shows mean, standard deviation, minimum and 

maximum for each test including individual’s information.  

Min, minimun; Max, maximum; SD, standard deviation; BMI, body mass index; RSA, repeated 

sprint ability; CMJ, countermovement jump; 1RM-LP, leg press 1 repetition maximum; 1RM-

DSL, dumbbell stepping lunge; YYIR1, yo-yo intermittent recovery test level 1 

The results are presented within the TG group as means and standard deviation. Precise analysis 

has done seperately for each test and is shown in figures in the next chapters.   

        

 n Mean  SD Min Max 

Pre-test       

   Age (years)  16 16.3   0.5 16 17 

   Height (m) 16 176.3  7.95 160 190 

   Weight (kg) 16 65.9  11.25 50 94 

   BMI kg/m² 16 21.1  2.68 16.90 26.88 

   30m-sprint (s) 16 4.28  0.21 3.90 4.55 

   RSA (s) 16 4.55  0.21 4.17 4.94 
   CMJ (cm) 16 33.14  3.72 27.80 38.70 

   1RM-LP (kg) 16 178.33  55.79 110 260 

   1RM-DSL (kg) 16 39.17  10.83 40 60 

   YYIR1  12 1603.33   529.99 1040 3440 

Post-test       

   Age (years) 

 

15 16.3   0.48 16 17 

   Height (m) 15 177.2  7.36 160 190 

   Weight (kg) 15 67.3  11.51 53 96 

   BMI kg/m² 15 21.3  2.87 17.59 27.45 

   30m-sprint (s) 15 4.20  0.28 3.77 4.59 

   RSA (s) 15 4.43  0.23 4.10 4.87 

   CMJ (cm) 15 34.66  3.89 28.60 40.20 

   1RM-LP (kg) 15 239.16  42.12 175 330 

   1RM-DSL (kg) 12 48.46  7.56 40 60 

          YYIR1 

   YYIR1 

  

 

7 1565.71   633.16 1120 2960 
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8.1.1 Changes in 30m-sprint in training group (TG) 

The training group (TG) decreased their mean time by 3.3 % after the intervention Figure 11. 

There was a significant differnce between (p<0.001) pre- and post-test measurements. Most of 

the players had an imporvement in their sprint ability.  

 

 

 

 

 

 

 

 

 

FIGURE 11. The results of 30-m sprint before and after the training intervention in TG group; 

SD, standard deviation.  Mean time within the training group. *** significant difference within 

the group after the intervention.  
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8.1.2 Repeated sprint ability changes in training group (TG) 

The training group decreased their mean time by 2.5 % in RSA after the intervention Figure 12. 

Even though the change is small after the training period, but the paired samples test confirmed 

that; there was an extremely significant change in repeated sprint ability by p-value (p=0.004) 

being smaller than 0.01, therefore p<0.01 and, there was a significant difference within the 

group after training period.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 12. The results of repeated sprint ability before and after the training intervention in 

TG group; SD, standard deviation. Mean time in training group. ** significant difference 

within training group in repeated sprint ability after the training intervention.  
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8.1.3 Changes in countermovement jump in training group (TG) 

The training group improved their mean height by 1.65 % in CMJ after the intervention Figure 

13. There was a significant change (p<0.001) in countermovement jump. As the results show; 

each player’s mean height in CMJ was improved after training period. 

 

 

 

 

 

 

 

 

 

FIGURE 13. The results of countermovement jump (CMJ) before and after the training  

intervention in TG group; SD, standard deviation. Mean height in training group. *** 

significant difference within the group in countermovement jump after the training  

intervention.  
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8.1.4 Changes in 1RM leg press in training group (TG) 

The training group improved their maximal strength mean by 25% in leg press after the 

intervention Figure 14. The results are highly significant (p<0.001) in 1RM leg press in training 

group. The results show that each subject did improve their 1RM after the training period.  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 14. The results of 1 repetition maximum in leg press before and after the training  

intervention in TG; SD, standard deviation. Mean weight within the training group. ***  

significant difference within the group after the training intervention.  

 

8.1.5 Changes in 1RM Dumbbell stepping lunge (DSL) in training group (TG) 

The training group improved their 1RM dumbbell stepping lunge (DSL) by 19% after the 

intervention Figure 15. There was differences between pre- and post-tests with p<0.05. 

Therefore, the training period of 8 weeks was beneficial for young football players. 
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FIGURE 15. The results of 1 repetition maximum in dumbbell stepping lunge before and after 

the training intervention in TG group; SD, standard deviation. Mean weight in training group. 

* significant difference between before and after the intervention. 

8.1.6 Yo-Yo intermittent recovery test level 1 changes in training group (TG) 

Before the intervention (n=15) players participated in Yo-Yo intermittent recovery test level 1. 

During the test (n=3) players droped out due to nausea. After the training intervention due to 

injuries and sickness; there were only (n=8) players, who compeleted the YYIR1 (yo-yo 

intermittent recovery test level 1) and (n=7) of them were qualified for data analyzing. 

Therefore, (n=12) players compeleted the test before the intervention and (n=7) players after 

the intervention. 

 

There was an increase in mean distance by 3.83% in YYIR1 after the intervention Figure 16. 

There was no significant changes (p>0.05) in YYIR1. Even though there was no significant 

changes after the intervention, but the results show that each player had an improvement in 

distance after training period. Out of seven players, who did compelete the test; only one player 

(ID3) had a decrese in distance of YYIR1 test.  
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FIGURE 16. The results of yo-yo intermittent recovery test level 1 before and after the 

training intervention in TG group; SD, standard deviation. Mean distance within training 

group. ns, not significant; there were no significant differences between before and after the 

intervention in training group. 

 

8.2 Small-sided game (SSG) in training group (TG) 

In training group there were (n=14) players, who completed 4 session of SSG before and after 

the intervention. During small-sided game total distance, maximal speed and distance in 

different speed zones were measured by Polar Team Pro. There were only a decrease in mean 

distance in zone 2; at the same time, there were an increase in maximal speed, total distance 

and distnace in zone 1, zone 3, zone 4 and zone 5 Table 8.  

 

TABLE 8. presents anthropometrical data and the results of the physical performance tests 

before and after the intervention including standard deviation and mean for small-sided game. 

The table also shows the distance (m) in different speed zones, maximal speed and total distance 

covered during all the small-sided sessions.   
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SD, standard deviation; BMI, body mass index.  There were significant changes found p<0.01 

in total distance with 7.1%, zone 1 with 9.5%, and zone 4 with 33.4% increase in distance. 

There were also statistically significant changes in maximal speed with 7.5% differences in 

sprinting speed and 88.3% increase in distance in zone 5 with p<0.001. Due to significant 

change in zone 2 with a speed of 7.00-10.99 km/h, there was a decrease in distance, which is 

not beneficial in this case. And there were no significant changes found in zone 3 with p>0.05. 

** significant changes within training group after the intervention. *** significant changes 

withing training group before and after training period.  

  
  Pre-test 

   
  Post-test   

 n Mean SD    n Mean SD 

Age (years) 14 16.3 0.47    14 16.2 0.46 

Height (m) 14 178.3 4.89    14 178.6 4.60 

Weight (kg) 14 65.5 5.34    14 65.9 4.85 

BMI kg/m² 14 20.9 1.92    14 20.3 1.65 

Total distance (m) 14 451.20 51.06     14 485.95** 71.44 

Maximal speed (km/h) 14 19.13 1.89    14 23.20*** 3.12 

Zone 1 (3.00-6.99 km/h)  14 153.50 21.37    14 169.71** 25.21 

Zone 2 (7.00-10.99 km/h) 14 160.52 30.56    14 141.12 37.97 

Zone 3 (11.00-14.99 km/h) 14 91.68 31.55    14 93.27 35.12 

Zone 4 (15.00-18.99 km/h) 14 29.91 18.32    14 42.96** 23.18 

Zone 5 (19.00- km/h) 14 3.46 6.06    14 29.55*** 34.60 
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8.3 Results of pre- and post-tests for control group (CON) 

In control group there were (n=16) players, who took part in pre-testing protocol. After the 

intervention period, there were 4 to 6 players out of total (n=16) players in different 

measurements; who participated into post-testing. Therefore, there was a big difference 

between the number of the players in pre- and post-testing measurements. The next table shows, 

how many players took part in each measurement during pre- and post-testing.  

After all the data was gathered only 30-m sprint, RSA, CMJ and YYIR1 results were 

statistically analysed.  

TABLE 9 presents anthropometrical data and the results of the control group’s physical 

performance tests before and after the intervention including standard deviation and mean for 

each test. The normality of the results in pre- and post-tests were tested by Kolmogorov-

Smirnov test.  

SD, standard deviation; BMI, body mass index; RSA, repeated sprint ability; CMJ, 

countermovement jump; YYIR1, yo-yo intermittent recovery test level 1. The results of pre- 

and post measurements are presented within the CON group as means and standard deviation. 

Precise analysis has done seperately for each test and are shown in figures in the next chapters.  

 
Pre-test      Post-tes   

 n  Mean SD    n Mean SD 

Age (years) 16 16.2 0.47    8 16.2 0.46 

Height (m) 16 178.3 4.89    8 178.6 4.60 

Weight (kg) 16 65.5 5.34    8 65.9 4.85 

BMI kg/m² 16 20.9 1.92    8 20.3 1.65 

30m-sprint (s) 16 4.10 0.14     6 4.17 0.13 

RSA (s) 16 4.30 0.17    5 4.44 0.19 

CMJ (cm) 12 38.60 6.34    4 37.10 4.28 

YYIR1 (m) 12 2430 193.08    5 1696 260.15 

          



 

42 

 

8.3.1 Changes in 30m-sprint in control group (CON) 

The control group lengthen their mean time by 1.6% after the intervention Figure 18. Therefore, 

there was a significant change (p<0.05) between pre- and post-test. Therefore, control group 

did not improve their mean time in 30-m sprint. It was taken into account that (n=6) players 

participated in sprinting post-test measurements.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 18. The results of 30-m sprint before and after the training intervention in CON 

group; SD, standard deviation. Mean time within control group. * Significant differences were 

fround in control group after the intervention.  

8.3.2 Repeated sprint ability changes in control group (CON) 

The control group lengthen their mean time by 3% in repeated sprint ability (RSA) after the 

intervention Figure 19. There was no significant changes p>0.05 in pre- and post-test in control 

group. There was a small change after training period, but players did not improve their mean 

time and their mean time was increased.  
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FIGURE 19. The results of repeated sprint ability (RSA) before and after the training 

intervention in CON group. Mean time within control group. ns, no significant differences 

between before and after the intervention in control group.  

8.3.3 Changes in countermovement jump in control group (CON) 

There was a small increase in control group’s mean vertical jumping height by 0.5% after the 

intervention Figure 20. Therefore, there were no significant changes (p>0.05) in 

countermovement jump.  
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FIGURE 20. The results of countermovement jump (CMJ) before and after training 

intervention in CON group; SD, standard deviation. Jumping height within control group. ns, 

no significant changes were fround within control group after intervention.  

8.3.4 Yo-Yo intermittent recovery test level 1 changes in control group (CON) 

There were changes in number of players in pre- and post-testing measurements. There were 

(n=12) players participating in pre-test measurements and after 8 weeks of intervention; (n=8) 

players took part in post-testing measurements; and (n=5) of the players were qualified for 

results analyzing. 

 

There was a decrease in mean distance by 20% in YYIR1 after intervention Figure 21. 

Therefore, there was significant difference (p<0.01) in YYIR1. All 5 players decreased their 

distance in YYIR1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 21. The results of yo-yo intermittent recovery test level 1 (YYIR1) before and after 

training intervention in CON group; SD, standard deviation. Mean distance within control 

group. * significant changes were found in control group after intervention.  
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8.4 Comparison between the groups before the intervention 

The normality of the test between groups was revealed by Kolmogrov-Smpirnov normality test. 

Analysis for yo-yo intermittent recovery was exectued with Mann-Whitney test due to 

differnces in number of players. Therefore, to find the differences in pre-test Independent 

Samples Test was executed. As the Table 10 shows the mean for each test; control group (CON) 

performed better in pre-test measurements than training group (TG). Therefore, the physical 

ability of the players were different on the baseline.  

 

TABLE 10. Pre-test results both in training and control group as means and standard deviations.  

 

RSA, repeated sprint ability; CMJ, countermovement jump; YYIR1, yo-yo intermittent 

recovery test level 1; CON, control group; TG, training group; SD, standard deviaiton. N, 

number of participants.  

 

From the start point of the intervention, there was statistically signifcant differences in repeated 

sprint ability (RSA) by approximately 5% of difference in mean time with p<0.01. The 

difference between groups in countermovement jump (CMJ) was approximately 14% in mean 

height with p<0.01. Also, there was a signficant change p<0.05 in 30-m sprint between groups 

by approximately 4% in mean time.  

8.5 Comparison between groups after the intervention 

As it was mentioned earlier in subject session about the decrease of subjects in control groups 

post-test measurements; the Nonparametric test was executed in comparison between the 

  Pre-test CON      Pre-test TG   

 n Mean SD    n Mean SD 

30m-sprint (s) 16 4.10* 0.12     16 4.28 0.21 

RSA (s) 16 4.30** 0.14    16 4.54 0.21 

CMJ (cm) 12 38.60** 4.15    16 33.21 3.66 

YYIR1 (m) 12 2430  324.12    12 1603.33 731.56 
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groups after the intervention. Homogeneity of the varinces was examined by Levene Test. 

Therefore, to find the differences in post-test Mann-Whitney U test was executed. No 

significant differences were found p>0.05 in all four post-test measurements. The results has 

shown that the null hypothesis should be retained. Even though, there was no significant 

changes were found; but training group (TG) had an improvement in repeated sprint ability in 

comparison between the groups. 

 

In 30-m sprint, countermovement jump (CMJ) and yo-yo intermittent recovery test level 1 

(YYIR1) CON group still performed better after the training intervention than TG group. On 

the other hand after the intervention; CON group had a weaker performance in each post-test 

measurement.  Table 11. shows the mean rank and differnces between the groups in each post-

test measurement. At the end of the intervention; regarding to this results both groups were 

physically closely at the same level. Therefore, there were no significant differences between 

the groups after the intervention. Figure 22. presents the differences in the level of physical 

performance of each participant after the training period.  

 

TABLE 11. The comparison between the groups after training period as mean rank.  

RSA, repeated sprint ability, CMJ, countermovement jump; YYIR1, yo-yo intermittent 

recovery test level 1; Sig., significance. ns, no significant changes were found between groups 

after the training intervention. 

 

  Pre-test  Post-test   

 n  Mean rank    n Mean rank Sig. 

30m-sprint (s) 15 11.20     6 10.50 0.81  

RSA (s) 15 10.27    5 11.20 0.76  

CMJ (cm) 15 9.83    5 12.50 0.38  

YYIR1 (m) 7 5.36    5 8.10 0.19  
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FIGURE 22. Post-test results for all the participants in 30-m sprint, repeated sprint ability 

(RSA), countermovement jump (CMJ), yo-yo intermittent recovery test level 1 (YYIR1) both 

in CON and TG group.  
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9 DISCUSSION 

The study was consisted of the combination between plyometric and strength training to find 

any physical fitness improvement in young football players and game intensity. Football 

training including strength and plyometric training led to considerable improvements in 

physical performance of young football athletes. (Helgerud et al., 2001). It was also 

hypothesized the combination of PT and ST will be beneficial for young football players. TG 

group improved their mean time in 30-m sprint and RSA, vertical jump height in CMJ, 

maximum strength in 1RM leg-press and dumbbell stepping lunge throughout the intervention 

(Table 7). The only test that was not improved in TG group was YYIR1. Even though there 

were no significant changes after the intervention, (n=6) players out of (n=7) players improved 

in YYIR1 distance after the training period. Due to these results strength training should be 

included in the training program for reaching greater maximum strength (Cormie, McGuigan 

& Newton 2011). To find any changes in the game intensity SSG was performed before and 

after the intervention.  In this research the main findings were mostly linked seperately within 

the groups.  

Due to lack of players after the training period in CON group only 4-6 players did complete 4 

tests including 30-m sprint, CMJ, RSA and YYIR1. Those, who completed the tests did not 

have any improvemetns after the training period. Therefore, there was a decrease in time (s), 

height (cm) and distance (m) in all four tests that were analysed in this study within the CON 

group (Table 9). This explains that strength and plyometric training will induce beneficial 

effects in physical performance of young football players. This supports that combining ST and 

PT may have a greater positive impact in muscle capacity and physical performance of young 

football players (Ronaldo et al. 2016). 

Due to smaller number of participants after the intervention in CON group, the comparison 

between the groups is not reliable enough. The baseline of physical performance of CON group 

before the training period was better than TG group (Figure 10), which took this research to 

another level and all the aspects regarding training history of both teams had to take account.  
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Both groups did not have any regular strength and plyometric training. CON group was just 

started to train strength once a week and TG group had only some physical training using their 

own body weights. Both teams compete in the first division of Finland, therefore the level of 

both teams should be the same. Still, CON group was physically in a better shape before starting 

the intervention. 

In this study, there was a big difference in the intervention time. CON group started their 

intervention at the end of the season with some games left. On the other hand, TG group started 

their intervention during off-season, just right away after their vacation was over. It is clear, 

that CON group had a better performance in pre-tests, because they had been active, and all the 

tests were done almost at the end of the season. TG group had summer vacation and performed 

the pre-tests at off-season, which can be one of the reasons for the poor pre-test results.  

When teams do not have any intensive training and they only compete in some friendly matches, 

the condition of the players will undergo the normal requirements. The post measurements were 

during the different phase of the season as well. TG group’s post measurements took place 

before starting pre-season and CON group’s post-measurements were done just before off-

season. The pre-test measurements in TG group and post-test measurements in CON group both 

took on off-season proved that young football players are physically fit during off-season of 

football timeline. After the training intervention CON group did not have improvement in any 

of the tests. After the training period TG group reached almost the physical level of CON group 

in post measurements. TG group performed even better in 30-m sprint after the intervention.   

The results in this study are in line with hypothesis and regarding to previous studies the 

combination of strength and plyometric trainings had a positive effect on physical performance 

of young football players. Marquez et al., 2015 also noted that the combination of strength 

training and plyometric training had sepecific effects on physical ability of young football 

players. In the study of Smilios et al., 2005 is noted that most of the imrovements in young 

football players are mostly correlated with strength training. In a recent study Ramirez-campillo 

et al., 2018 found that, if athletes train only plyometric, they will only improve plyometric 

aspects of physical performance requirments; and, if strength training is included in physical 
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training of young football players then only strength aspects of physical fitness will be 

improved. Therefore, we can hypothesize that the combination of ST and PT might have a 

beneficial increase in physical fitness comparing with ST and PT alone (Ronaldo et al. 2016).  

Actions such as jumping and sprinting with high endurance ability are the most important 

factors that lead to success in a football game (Arnason et al., 2014). To get a great endurance 

ability and reach the optimum performance in football players requires controlling of their 

training load. As it was mentioned earlier, an effective way to monitor physiological aspects of 

the players is to take blood lactate during training or just following heart rate. What is important 

in this case, is to get important data from the physical fitness level of the players. Many coaches 

and scientists have used different small-sided games to monitor the improvement of their 

athletes (Helgerud et al. 2007).  

High-intensity training induced player’s endurance performance and, in many studies coaches 

used different ways to get the most beneficial information out of their players physical 

performance (Impellizzeri et al. 2006, Radziminski et al. 2013). However, in this research in 

the small-sided game, distance covered by each player, maximum speed and distance in 

different speed zones have taken account as an important data that was analyzed.  

In this present research only TG group completed four sessions of SSG in pre- and post-test 

measurements. The results showed that TG group had a significant improvement in most of the 

speed zones and maximal speed and total distance covered during all sessions. The 

improvement in total distance was by 7.1%, zone 1 speed (3.00-6.99 km/h) increased in distance 

by 9.5%, and zone 4 speed (15.99-18.99) increased in distance by 33.4%. Also, a 7.5% 

improvement in maximal speed and 88.3% increase in zone 5 speed (19.00- km/h) distance was 

found after the training period. There was not any improvement in distance in zone 2 speed 

(7.00-10.99 km/h) and zone 3 speed (11.00-14.99 km/h). Even though SSG was a success in 

this study with TG group mental fatigue, which is a  physiological factor that should be taken 

in account deeply when dealing with SSG (Boksem, Meijman, Lorist 2005; Lorist, Boksem , 

Ridderinkhof  2005).  
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When analysing distance in SSG, it is important to remember that mental fatigue may influence 

how much an athlete could cover during a match and at the same time physical quality of a 

player may decrease (Carling & Dupont 2011, Bradley et al. 2011).  

In this study SSG was used to express the physical aspects of a real game to see if combination 

of strength and plyometric training could affect the intensity of the match play. Therefore, SSG 

is a good protocol for football players to test the physical and technical level of their ability 

because it accurately reflects a real game (Hill-Haas et al. 2011; Dellal et al. 2011; Casamichana 

& Castellano 2010).  

This research showed that strength and plyometric together may have an influence on physical 

performance of young football players. The training group was not physically fit at the start of 

the intervention and they performed very poorly in pre-test measurements, even though they 

play in the second-high division in Finland youth championship. There was an important 

finding that TG group had a significant improvement in physical performance aspects of SSG. 

But what is important these days in a football match? In the study of Bordonau and Villanueva 

(2014) is noted that elite players may be enough physically fit, but they are not necessarily at 

their best. In the recent years, there has been a lot of discussion about football is going to be 

developed to be more tactical and training with ball is getting more attention in a football society 

(Bordonau & Villanueva 2014, Lacome et al. 2018). We must remember that there are many 

studies that have already proved that football players need strength, endurance and speed to be 

a complete athlete that can be successful in a football game (Impellizzeri & Marcora 2006; 

Lacome et al. 2017).  

To plan a great SSG drill, there are factors such as field size, number of players and rules should 

be carefully designed to get the best out of the drill; it depends on what kinds of goals each 

coach has. Many researchers have used different types of SSG (Table 2) in their studies and 

after a lot of searching and findings it was decided to go with 5 vs. 5, recovery of 2 minutes 

passive rest and a field size of 30x40 (width x length) with no rule in SSG in this research. 

There was no rule added, because each session lasted 4 minutes and to reflects SSG into the 

real game it was needed that intensity of the SSG is high all the time. Therefore, it was the aim 

to make sure that each player could reach the maximum intensity during SSG and get a reliable 

result in SSG measurements, thus monitoring and analyzing data gives valuable information. 
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Football training must include strength, speed, and endurance to induce the improvements in 

physical performance of young football players.  

9.1 Limitations and strengths of the study 

This study started with lots of challenges that usually comes along with team sports. TG group 

was changed during this intervention three times, therefore the intervention time was set at 

different times of the season. This limitation set a different layout in the results, because the 

pre-test measurements were totally apart from each other between CON and TG group. In this 

study, it was clear finding that during off-season young football players are not physically in a 

great shape, which was found both in CON and TG group. The more season is getting closer to 

the end, young football players decreases the level of their physical ability.  

One of the major limitations in this study was the number of the players after training period in 

CON group, which did not allow to analyze all the results by parametric test. Also, there were 

differences in players during pre- and post-measurements. Most of the players, who completed 

pre-tests did not participate in post-testing measurements. Therefore, most of the results 

regarding CON group were uncompleted. In association with the results all the comparison 

between group is not unique and the reliability of this study suffers.  

One limitation regarding one repetition maximum was to get the accurate results. Players did 

not have any experience in strength training especially in one repetition maximum testing. 

Nevertheless, players were carefully supervised, and all the instructions were clearly given to 

get the best accurate results as possible.   

The strength of this study was that TG group’s players and the staff of the team was fully 

involved and their determination was appreciative. All the players participated almost in every 

training session and only in three sessions the team was no assembled. When a player was 

absent and could not participate in training session, it was instructed to perform the exercise on 

his own. Other than that, the facility and all the equipment were used in this study were high 

level equipment. All the sessions were supervised carefully, and players were completely active 

in every session. The set-ups in pre- and post-test measurements were set the same.  
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9.2 Conclusion  

It has been proven that players must train to reach a high level of fitness that can lead to success 

in football (Svensson & Drust 2005). To be a successful athlete in football society aerobic and 

anaerobic power are main factors to maintain a good level fitness during a football match 

(Bangsbo, Norregaard & Thorso 1991; Cometti et al. 2001; Korzamanidis et al. 2005; Stolen et 

al. 2005; Wisloff, Helgerud & Hoff 1998). There are many different training methods that can 

reach the required level of fitness that a football player must own. One of the most used protocol 

is strength and plyometric training (Lamas et al. 2012; Markovic & Mikulic 2010).  

Combination of strength and plyometric training together will have a beneficial impact on 

physical ability of young football players. Young football players can improve their physical 

performance such as speed, maximal strength, and endurance by training twice a week. The 

training should consist of regular football training including strength and plyometric training 

together and it must be scheduled weekly in the program of young football players. This is a 

sufficient way to strengthen the qualities that requires for success in a football athlete. Without 

ST and PT training the improvement in football players is not at the best and players could not 

be physically fit, and improvement will not be progressive enough.  

The finding of the present study shows that the season time plays an important role in 

development of physical ability of young players. Young football players have a poor physical 

fitness during off-season phase of their timetable. During pre-season players train hard to gain 

their lost physical abilities, which do not take a long period of time. In TG group 8 weeks of 

training program including PT and ST training twice a week improved their sprint, endurance, 

and maximal strength. There was also a correlation between game intensity and combination of 

PT and ST training. When ST and PT training was combined and was included in young football 

players regular weekly program, they also increased their physical ability during SSG, which 

was made to reflect the actual football game. The training intervention was successful in TG 

group and there was a positive effect on the intensity of the game. Furthermore, combination 

of ST and PT training twice a week has beneficial adaptations on physical performance of young 

football players.  
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9.3 Practical recommendations 

There is a saying that says ”Well planned is half done”. Therefore, it is really important to plan 

the study carefully and think about any possible limiation and challenges that researcher might 

face during the study. When training with team sports; finding a team that can commit on the 

research and are motivated to participate in the study is really important. In researches, where 

sports teams are needed, it is important to remeber; if it is allowed, make the training program 

for off-season. During the season most of the team sports are not willing to participate in any 

study, because the season is on and they want to concentrate more on the season rather taking 

part in a study especially for CON group. The results of this study can be used in young football 

players for the future researches and it can be beneficial in desgining training programs. 

Furtheremore, more studies with different combinatios between training types can use this study 

to get the information for this type of training that was desgined for this study.  

 

 

 

 

 



 

55 

 

REFERENCES 

Adams, K, O’Shea, KL, and Climstein, M. 1992. The effects of six weeks of squat, plyometric, 

and squat-plyometric training on power production. Journal of Applied Sport Science 

Research 6: 36–41. 

 

Al Haddad H, Simpson BM, Buchheit M, Di Salvo V, Mendez- Villanueva A. 2015. Peak match 

speed and maximal sprinting speed in young soccer players: effect of age and playing 

position. International Journal of Sports Physiology Performance. 10 (7): 888–896.  

 

Arnason, A, Sigurdsson, SB, Gudmundsson, A, Holme, I, Ferro, A, Villacieros, J, Floria, P, and 

Graupera, JL. 2014. Analysis of speed performance in soccer by playing position and a 

sports level using a laser system. J Hum Kin 44: 143–153. 

 

Asadi, Abbas & Arazi, Hamid & Young, Warren & Sáez de Villarreal, Eduardo. 2016. The 

effects of plyometric training on change of direction ability: A meta-analysis. 

International journal of Sports Physiology and Performance.  

 

Aughey RJ. 2011. Increased high-intensity activity in elite Australian football finals matches, 

hit J Sports Physiol Perfonn. 6 (3): 367—379. 

 

Aziz AR, Mukherjee S, Chia MY, Teh KC. 2008. Validity of the running repeated sprint ability 

test among playing positions and level of competitiveness in trained soccer players. 

International Journal of Sports Medicine. 29 (10): 833-838. 

 

Baker D. 2001. The effects of an in-season of concurrent training on the maintenance of 

maximal strength and power in professional and college-aged Rugby league football 

players. Journal of Strength Conditioning Research 15: 172– 177. 

 



 

56 

 

Baker D, Nance S, and Moore M. 2001. The load that maximizes the average mechanical power 

output during jump squats in power trained athletes. Journal of Strength Conditioning 

Research 15: 92–97. 

 

Balsom PD, Seger JY, Sjödin B, Ekblom B. 1992. Maximal intensity intermittent exercise: 

effect of recovery duration. International Journal of Sports Medicine. 13 (7): 528-33.  

Bangsbo J. 1994. The physiology of soccer: with special reference to intense intermittent 

exercise. Acta Physiologica Scandinavica Supplementum. 619: 1–155. 

 

Bangsbo J, Norregaard L, Thorso F. 1991. Activity profile of competition soccer. Journal of 

Sport Sciences 16, 110–116 

 

Bauer T, Thayer RE, Baras G. 1990. Comparison of training modalities for power development 

in the lower extremity. J Appl Sport Sci Res. 4:115-121. 

 

Behringer M, Vom Heede A, Matthews M and Mester J. 2011. Effects of strength training on 

motor performance skills in children and adolescents: a meta-analysis. Pediatric 

Exercise Science. 23: 186-206. 

 

Bishop, D., & Spencer, M. 2004. Determinants of repeated-sprint ability in well-trained team-

sport athletes and endurance-trained athletes. Journal of Sports Medicine and Physical 

Fitness 44,1. 

 

Brandes M, Heitmann A, Muller L. 2012. Physical responses of different small-sided game 

formats in elite youth soccer players. Journal of Strength and Conditioning Research. 

26: 1353–60.  

 

Boksem MAS, Meijman TF, Lorist MM. 2005. Effects of mental fatigue on attention: an ERP 

study. Brain Research and Cognitive Brain Research. 25 (1): 107– 116. 

 



 

57 

 

Bradley PS, Carling C, Archer D, et al. 2011. The effect of playing formation on high intensity 

running and technical profiles in English FA Premier League soccer matches. Journal 

of Sports Sciences. 29 (8): 821–830.  

 

Brandes M, Elvers S. 2017. Elite youth soccer players’ physiological responses, time-motion 

characteristics, and game performance in 4 vs. 4 small-sided games: the influence of 

coach feedback. Journal of Strength and Conditioning Research. 31: 2652–8.  

 

Brownsberger J, Edwards A, Crowther R, Cottrell D. 2013. Impact of mental fatigue on self-

paced exercise. International Journal of Sports Medicine. 34 (12): 1029– 1036. 

 

Buchheit M, Mendez-villanueva A, Simpson BM, Bourdon PC. 2010. Repeated-sprint 

sequences during youth soccer matches. International Journal of Sports Medicine. 31 

(10): 709–716. 

 

Carling C, Dupont G. 2011. Are declines in physical performance associated with a reduction 

in skill related performance during professional soccer match-play? Journal of Sports 

Sciences. 29 (1): 63–71. 

 

Casamichana D, Castellano J, Castagna C. 2012. Comparing the physical demands of friendly 

matches and small-sided games in semi-professional soccer players. Journal Strength 

Conditioning Research.  

 

Casamichana D, Castellano J. 2010. Time–motion, heart rate, perceptual and motor behavior 

demands in small-sides soccer games: effects of pitch size. J Sports Sci. 

2010;28(14):1615–1623.  

 

Castellano J, Casamichana D, Dellal A. 2013. Influence of game format and number of players 

on heart rate responses and physical demands in small-sided soccer games. J Strength 

Cond Res. 27: 1295–303.  

 



 

58 

 

Chamari K, Hachana Y, Kaouech F, Jeddi R, Moussa-Chamari I, Wisloff U. 2005. Endurance 

training and testing with the ball in young elite soccer players. Br J Sports Med. 39:24–

8. 

Chaouachi, A, Manzi, V, Chaalali, A, Wong del, P, Chamari, K, and Castagna, C. 2012. 

Determinants analysis of change-of-direction ability in elite soccer players. Journal of 

Strength and Conditioning Research 26: 2667–2676. 

 

Chaouachi A, Chtara M, Hammami R, Chtara H, Turki O, Castagn C. 2014. Multidirectional 

Sprints and Small-Sided Games Training Effect on Agility and Change of Direction 

Abilities in Youth Soccer, Journal of Strength and Conditioning Research.11: 3121-

3127. 

 

 

Cheng, K.B., Wang, C.H., Chen, H.C., Wu, C.D., Chiu, H.T. 2008. The mechanisms that enable 

arm motion to enhance vertical jump performance: A simulation study. Journal of 

Biomechanics 41: 1847–1854. 

 

Clemente F, Couceiro M, Martin F, Mendes, R. 2012. The usefulness of small-sided games on 

soccer training. Journal of Physical Education and Sport. 12. 93-102. 

 

Collins BW, Pearcey GEP, Buckle NCM, Power KE, Button DC. 2018. Neuromuscular fatigue 

during repeated sprint exercise: underlying physiology and methodological 

considerations. Applied Physiology, Nutrition, and Metabolism = Physiologie 

Appliquee, Nutrition et Metabolisme. 43 (11): 1166-1175. 

 

Cometti G, Maffiuletti NA, Pousson M, Chatard JC, and Maffulli N. 2001. Isokinetic strength 

and anaerobic power of elite, subelite and amateur French soccer players. International 

Journal of Sports Medicine 22: 45–51. 

 

Cormie, P, McGuigan, MR, and Newton, RU. 2011. Developing maximal neuromuscular 

power: Part 2-training considerations for improving maximal power production. Sports 

Medicine 41: 125–146. 



 

59 

 

 

Cormie, P, McCaulley, GO, and McBride, JM. 2007. Power versus strength-power jump squat 

training: Influence on the load-power relationship. Medicine and Science in Sports and 

Exercise. 39: 996–1003. 

 

Da Silva JF, Guglielmo LG, Bishop D. 2010. Relationship between different measures of 

aerobic fitness and repeated sprint ability in elite soccer players. Journal of Strength and 

Conditioning Research. 24(8): 2115-21.  

 

Delgado-Bordonau JL, Mendez-Villanueva A. 2014. The tactical periodization model. In: Sum 

ME, ed. Fitness in Soccer: The science and Practical Application. 

 

Dellal A, Hill-Haas S, Lago-Penas C, Chamari K. 2011. Small-sided games in soccer: amateur 

vs. professional players’ physiological responses, physical, and technical activities. 

Journal of Strength and Conditioning Research. 25 (9): 2371–2381. 

 

Dello Iacono, Antonio & Ardigò, Luca & Meckel, Yoav & Padulo, Johnny. 2016. Effect of 

small-sided games and repeated shuffle sprint training on physical performance in elite 

handball players. The Journal of Strength and Conditioning Research. 

 

Dawson B, Fitzsimons M, Ward D. 1993. The relationship of repeated sprint ability to aerobic 

power and performance measures of anaerobic work capacity and power. Journal of 

Science and Medicine in Sport. 25 (4): 88-93.  

 

Dowson, MN, Nevill, ME, Lakomy, HKA, Nevill, AM, and Hazeldine, RJ. 1998. Modelling 

the relationship between isokinetic muscle strength and sprint running performance. 

Journal of Sports Sciences 16: 257–265. 

 

Fanchini, M., Castagna, C., Coutts, A.J., Schena, F., McCall, A., & Impellizzeri, F.M. 2014. 

Are the yo-yo intermittent recovery test levels 1 and 2 both useful? Reliability, 

responsiveness and interchangeability in young soccer players. Journal of Sports 

Sciences, 32(20): 1950-1957. 



 

60 

 

 

Ferraz R, Gonçalves B, Van Den Tillaar R, Jiménez Sáiz S, Sampaio J, Marques MC. 2018. 

Effects of knowing the task duration on players’ pacing patterns during soccer small-

sided games. Journal of Sports Sciences. 36: 116–22.  

 

Folland, JP and Williams, AG. 2007. The adaptations to strength training: Morphological and 

neurological contributions to increased strength. Sports Medicine 37: 145–168. 

 

Franco-Márquez, Felipe & Rodriguez Rosell, David & González-Suárez, José & Blanco, 

Fernando & Mora Custodio, Ricardo & Yáñez García, Juan & Badillo, Juan José. 2015. 

Effects of combined resistance training and plyometrics on physical performance in 

young soccer players. International Journal of Sports Medicine. 

 

Gathercole RJ, Stellingwerff T, Sporer BC. 2015 Effect of acute fatigue and training adaptation 

on countermovement jump performance in elite snowboard cross athletes. Journal of 

Strength Conditioning Research. 29 (1) :37–46. 

 

Harris, GR, Stone, MH, O’Bryant, HS, Proulx, CM, and Johnson, RL. 2000. Short-term 

performance effects of high power, high force, or combined weight-training methods. 

Journal of Strength and Conditioning Research 14: 14–20. 

 

Harrison CB, Gill ND, Kinugasa T, Kilding AE. 2015. Development of aerobic fitness in young 

team sport athletes. Sports Med. 45:969–83. 

 

Haugen T, Tønnessen E, Seiler S. 2013. The impact of footwear and running surface on sprint 

performance. Journal of Strength and Conditioning Research. (A review) 

 

Helgerud J, Engen LC, Wisløff U, Hoff J. 2001. Aerobic endurance training improves soccer 

performance. Medicine and Science in Sports and Exercise. 33(11):1925–1931.  

 

Helgerud J, Hoydal K, Wang E, et al. 2007. Aerobic high-intensity intervals improve VO2max 

more than moderate training. Medicine Science Sports Exercise. 39 (4): 665–671. 



 

61 

 

Hill-Haas SV, Coutts AJ, Dawson BT, Rowsell GJ. 2010. Time-motion characteristics and 

physiological responses of small-sided games in elite youth players: the influence of 

player number and rule changes. J Strength Cond Res. 24: 2149–56. 

  

Hill-Haas SV, Dawson B, Impellizzeri FM, Coutts AJ. 2011. Physiology of small-sided games 

training in football. Sports Medicine. 41 (3): 199– 220.  

 

Hill–Haas S, Coutts A, Rowsell G, Dawson B. 2009. Generic versus small sided game training 

in soccer. International Journal of Sports Medicine. 30: 636–42. 

 

Hoff J. 2005. Training and testing physical capacities for elite soccer players. Journal of Sports 

Sciences. 23: 573 582.  

 

Iaia MF, Rampinini E, Bangsbo J. 2009. High-intensity training in football. Int J Sports Physiol 

Perform. 4:291–306. 

 

Impellizzeri FM, Marcora SM, Castagna C, Reilly T, Sassi A, Iaia FM, Rampinini E. 2006 

Physiological and performance effects of generic versus specific aerobic training in 

soccer players. International Journal of Sports Medicine. 27:483–92. 

 

Impellizzeri FM, Rampinini E, Marcora SM. 2005. Physiological assessment of aerobic training 

in soccer. Journal of Sports Sciences. 23: 583–592 

 

Kalapotharakos, VI, Strimpakos, N, Vithoulka, I, Karvounidis, C, Diamatopoulos, K, and 

Kapreli, E. 2006. Physiological characteristics of elite professional soccer teams of 

different ranking. Journal of Sports Medicine Physical Fitness 46: 515–519. 

 

Katis, Athanasios & Kellis, Eleftherios. 2009. Effects of small-sided games on physical 

conditioning and performance in young soccer players. Journal of sports science & 

medicine. 8: 374-80. 

 



 

62 

 

Kobal, Ronaldo & Loturco, Irineu & Barroso, Renato & Gil, Saulo & Cuniyochi, Rogério & 

Ugrinowitsch, Carlos & Roschel, Hamilton & Tricoli, Valmor. (2016). Effects of 

different combinations of strength, power, and plyometric training on the physical 

performance of elite young soccer players. Journal of Strength and Conditioning 

Research.  

 

Komi, PV. 1984. Physiological and biomechanical correlates of muscle function: Effects of 

muscle structure and stretch-shortening cycle on force and speed. Exercise and sport 

sciences reviews. 12: 81–121. 

 

Komi, PV. 1992. Stretch-Shortening Cycle in: strength & power in sports. Blackwell Scientific 

Publication, Oxford, GB, 169-172. 

 

Kotzamanidis, C, Chatzopoulos, D, Michailidis, C, Papaiakovou, G, and Patikas, D. 2005. The 

effect of a combined high-intensity strength and speed training program on the running 

and jumping ability of soccer players. Journal of Strength and Conditioning Research 

19: 369–375. 

 

Kraemer, WJ and Ratamess, NA. 2004. Fundamentals of resistance training: Progression and 

exercise prescription. Medicine Science of Sports Exercise 36: 674–688. 

 

Lacome, Mathieu & M. Simpson, Ben & Cholley, Yannick & Lambert, Philippe & Buchheit, 

Martin. 2017. Small-Sided Games in Elite Soccer: Does One Size Fits All?. 

International Journal of Sports Physiology and Performance. 13: 1-24. 

 

Lamas, L, Ugrinowitsch, C, Rodacki, A, Pereira, G, Mattos, E, Kohn, A, and Tricoli, V. 2012. 

Effects of strength and power training on neuromuscular adaptations and jumping 

movement pattern and performance. Journal of Strength and Conditioning Research. 26: 

3335–3344. 

 

Lloyd, RS, Faigenbaum, AD, Stone, MH, Oliver, JL, Jeffreys, I, Moody, JA, Brewer, C, Pierce, 

K, McCambridge, TM, Howard, R, Herrington, L, Hainline, B, Micheli, LJ, Jaques, R, 



 

63 

 

Kraemer, WJ, McBride, MG, Best, TM, Chu, DA, Alvar, BA, and Myer, GD. 2014. 

Position statement on youth resistance training: The 2014 international consensus. 

British Journal of Sports Medicine. 48: 498–505. 

 

Los Arcos, Asier & JS, Vázques & Martín, Juan & Lerga, Javier & Sánchez, Felipe & Villagra, 

Federico & Zulueta, Javier. 2015. Effects of small-sided games vs. interval training in 

aerobic fitness and physical enjoyment in young elite soccer players. 

 

Lorist MM, Boksem M, Ridderinkhof K. 2005. Impaired cognitive control and reduced 

cingulate activity during mental fatigue. Brain Res Cogn Brain Res. 24 (2): 199–205. 

Mallo, J & Navarro, Enrique. 2008. Physical load imposed on soccer players during small-sided 

games. The Journal of sports medicine and physical fitness. 48. 166-71. 

 

Markovic, G and Mikulic, P. 2010. Neuro-musculoskeletal and performance adaptations to 

lower-extremity plyometric training. Sports Medicine 40: 859–895. 

 

Markovic, Goran & DIZDAR, DRAZAN & Jukic, Igor & Cardinale, Marco. 2004. Reliability 

and factorial validity of squat and counter movement jump tests. The Journal of Strength 

and Conditioning Research. 18: 551-555. 

 

Marcora SM, Staiano W, Manning V. 2009. Mental fatigue impairs physical performance in 

humans. Journal Appl Physiology. 106 (3): 857–864.  

 

Markstrom, JL and Olsson, CJ. 2013. Countermovement jump peak force relative to body 

weight and jump height as predictors for sprint running performances: (In) homogeneity 

of track and field athletes? Journal of Strength Conditioning Research 27 (4), 944–953. 

 

McCambridge TM and Stricker PR. 2008. Strength training by children and adolescents. 

American Academy of Pediatrics Council on Sports Medicine and Fitness. 121: 835-

840. 

McLellan CP, Lovell DI, and Gass GC. 2011. The role of rate of force development on vertical 

jump performance. Journal Strength Conditioning Research 25: 379–385. 



 

64 

 

McMillan K, Helgerud J, Macdonald R, Hoff J. 2005. Physiological adaptations to soccer 

specific endurance training in professional youth soccer players. Br J Sports Med. 

39:273–7. 

 

Miller, Mike & J Herniman, Jeremy & Ricard, Mark & C Cheatham, Christopher & Michael, 

Timothy. 2006. The effects of a 6-week plyometric training program on agility. Journal 

of Sports science and Medicine. 5: 459-65. 

Mohr M, Krustrup P, Bangsbo J. 2003. Match performance of high-standard soccer players 

with special reference to development of fatigue. Journal of Sports Sciences. 21: 519–

528. 

 

Moran, J., Blagrove, R.C., Drury, B. et al. 2019. Effects of Small-Sided Games vs. 

Conventional Endurance Training on Endurance Performance in Male Youth Soccer 

Players: A Meta-Analytical Comparison. Sports Medicine 49: 731–742. 

 

Newton, R.U., and W.J. Kraemer. 1994. Developing explosive muscular power: Implications 

for mixed methods training strategy. Strength Conditioning. 16:20–31. 

 

Nuzzo, JL, Anning, JH, and Scharfenberg, JM. 2011. The reliability of three devices used for 

measuring vertical jump height. Journal of Strength Conditioning Research 25: 2580–

2590. 

 

Nyitrai M, Rossi R, Adamek N, Pellegrino MA, Bottinelli R, and Geeves MA. 2006. What 

limits the velocity of fast skeletal muscle contraction in mammals? Journal of Molecular 

Biology 355: 432–442. 

 

Owen, Adam & Twist, Craig & Ford, Paul. 2004. Small-sided games: The physiological and 

technical effect of altering pitch size and player numbers. Insight. 7: 50-53. 

 

Pageaux B, Marcora SM, Lepers R. 2013. Prolonged mental exertion does not alter 

neuromuscular function of the knee extensors. Medicine Science of Sports Exercise. 45 

(12): 2254–2264.  



 

65 

 

 

Paul DJ, Bradley PS, Nassis GP. 2015. Factors affecting match running performance of elite 

soccer players: shedding some light on the complexity. International Journal of Sports 

Physiology Performance. 10 (4): 516–519.  

 

Pyne DB, Saunders PU, Montgomery PG, Hewitt AJ, Sheehan K. 2008. Relationships between 

repeated sprint testing, 766 speed, and endurance. Journal of Strength and Conditioning 

Research. 22 (5): 1633-1637.  

 

Radziminski L, Rompa P, Barnat W, Dargiewicz R, Jastrzebski Z. 2013. A comparison of the 

physiological and technical effects of high-intensity running and small-sided games in 

young soccer players. International Journal of Sports Sciences. 8 (3): 455–466.  

 

Ramirez-Campillo, R., Sanchez-Sanchez, J., Gonzalo-Skok, O., Rodríguez-Fernandez, A., 

Carretero, M., & Nakamura, F. Y. 2018. Specific changes in young Soccer player's 

fitness After traditional bilateral vs. unilateral combined strength and plyometric 

training. Frontiers in Physiology. 9: 265. 

 

Rampinini, E, Coutts, AJ, Castagna, C, Sassi, R, and Impellizzeri, FM. 2007. Variation in top 

level soccer match performance. International Journal of Sports Medicine 28: 1018–

1024. 

 

Rampinini E, Sassi A, Morelli A, Mazzoni S, Fanchini M, Coutts, AJ. 2009. Repeated-sprint 

ability in professional and amateur soccer players. Appl Physiol Nutr Metab. 34 (6): 

1048-1054.  

 

Rampinini, E, Impellizzeri, FM, Castagna, C, Abt, G, Chamari, K, Sassi, A, and Marcora, SM. 

2007. Factors influencing physiological responses to small-sided soccer games. J Sports 

Sci 25: 659–666. 

 



 

66 

 

Rampinini E, Sassi A, Azzalin A, et al. 2010. Physiological determinants of yo-yo intermittent 

recovery tests in male soccer players. European Journal Appl Physiology. 108(2): 401–

409. 

 

Rebelo AN, Silva P, Rago V, Barreira D, Krustrup P. 2016. Differences in strength and speed 

demands between 4v4 and 8v8 small-sided football games. Journal of Sports Sciences. 

34: 2246–54.  

 

Ronnestad, Bent & H Kvamme, Nils & Sunde, Arnstein & Raastad, Truls. 2008. Short-term 

effects of strength and plyometric training on sprint and jump performance in 

professional soccer Players. Journal of Strength and Conditioning Research 22: 773-80. 

Russell M, Kingsley M. 2011. Influence of exercise on skill proficiency in soccer. Sports 

Medicine. 41:523–39. 

 

Saltin B., Gollnick P. D. 1983. Skeletal muscle adaptability: significance for metabolism and 

performance, in Handbook of Physiology, Skeletal Muscle, eds Peachey L. D., Adrian 

R. H., Gaiger S. R. Bethesda, MD: American Physiological Society. 555–631.  

 

Sargeant AJ. Structural and functional determinants of human muscle power. 2007. 

Experimental Physiology 92: 323–331. 

 

Seiler S, Sjursen JE. 2004Effect of work duration on physiological and rating scale of perceived 

exertion responses during self-paced interval training. Scandinavian Journal of 

Medicine Sciences Sports. 14 (5): 318–325. 

 

Smilios I, Theophilos P, Sotiropoulos K, Antonakis M, Tokmakidis S. 2005. Short-term effects 

of selected exercise and load in contrast training on vertical jump performance. Journal 

of strength and conditioning research 19: 135-9. 

 

Smith MR, Coutts AJ, Merlini M, Deprez D, Lenoir M, Marcora SM. 2016. Mental fatigue 

impairs soccer-specific physical and technical performance. Med Sci Sports Exerc. 48 

(2): 267–276.  



 

67 

 

 

Spencer, M., Lawrence, S., Rechichi, C., Bishop, D., Dawson, B., & Goodman, C. 2004. Time–

motion analysis of elite field hockey, with special reference to repeated-sprint activity. 

Journal of sports sciences. 22: 843-850 

 

Spencer M, Bishop D, Dawson B, Goodman C. 2005. Physiological and metabolic responses 

of repeated-sprint activities: specific to field-based team sports. Sports Medicine. 35: 

1025–1044 

 

Stolen, T, Chamari, K, Castagna, C, and Wisloff, U. 2005 Physiology of soccer: An update. 

Sports Med 35: 501–536. 

Stone MH, Sands WA, Carlock J, Callan S, Dickie D, Daigle K, Cotton J, Smith SL, and 

Hartman M. 2004. The importance of isometric maximum strength and peak rate-of-

force development in sprint cycling. Journal of Strength Conditioning Research 18: 

878–884. 

Stone, M, Plisk, S, and Collins, D. 2002. Training principles: Evaluation of modes and methods 

of resistance training- A coaching perspective. Sports Biomechanics 1: 79–103. 

 

Stowers, T, McMillan, J, Scala, D, Davis, V, Wilson, D, and Stone, M. 1983. The short-term 

effects of three different strength-power training methods. Journal of Strength and 

Conditioning Association 5: 24–27. 

 

Svensson M, Drust B. 2005. Testing soccer players. Journal of Sports Sciences. 23 (6): 601–

618.  

 

Taber, Christopher & Bellon, Christopher & Abbott, Heather & Bingham, Garett. 2016. Roles 

of maximal strength and rate of force development in maximizing muscular power. 

Strength and Conditioning Journal. 38: 71-78.  

 

Thompson, Brennan & Stock, Matt & Shields, JoCarol & Luera, Micheal & K Munayer, 

Ibrahim & Mota, Jacob & C Carrillo, Elias & D Olinghouse, Kendra. 2014. Barbell 



 

68 

 

Deadlift Training Increases the Rate of Torque Development and Vertical Jump 

Performance in Novices. Journal of strength and conditioning research. 

 

Toji H and Kaneko M. 2004. Effect of multiple load training on the force-velocity relationship. 

Journal of Strength and Conditioning Research 18: 792–795. 

 

Wang YC, Zhang N. 2016. Effects of plyometric training on soccer players. Experimental and 

Therapeutic Medicine. 12 (2):550-554.  

Westcott, WL. 2012. Resistance training is medicine: Effects of strength training on health. 

Current Sports Medicine Reports 11: 209–216. 

 

Wisloff, U, Helgerud, J, and Hoff, J. 1998. Strength and endurance of elite soccer players. 

Medicine and Science in Sports and Exercise. 30: 462–467. 

 

Young, WB, Wilson, GJ, and Byrne, C. 1999. A comparison of drop jumps training methods: 

effects on leg extensor strength qualities and jumping performance. International 

Journal of Sports Medicine 20: 295–303. 


