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ABSTRACT 

The study was conducted to assess the effect of plyometric training on the skill-related 
components of fitness of male adolescents in Lokoja metropolis, Nigeria. The School 
population comprised of 105 Secondary Schools in Lokoja metropolis. A sample size of 50 
male adolescents was drawn from the population using purposive sampling technique. A pre-
posttest experimental design was adopted for the study. The participants were pre-tested in 
the skill-related fitness components, which includes explosive power, speed and agility. The 
participants underwent plyometric training, for 12 weeks, 3 times per week on alternate days. 
Training duration was increased from an initial 25 minutes for 4 weeks and was increased to 
30 minutes and 35 minutes after the 4th and 5th week respectively. Training intensity was 
raised from an initial 40% of HRmax to50% and 55% respectively. Three researches 
questions and null hypothesis were formulated for this study. The data collected were 
statistically analyzed using SPSS version 20. Descriptive statistics of mean and standard 
deviation were used to describe the demographic characteristics of the participants and the 
observed variables of the study. The null hypotheses were tested using depended-t test to test 
for significant effect between the pre and post-tests at 0.05 alpha level of significance. The 
findings of this study showed that plyometric training significantly improved on explosive 
power (P =0.01), agility (P=0.04) of male adolescents in Lokoja metropolis. However, 
plyometric training had no significant effect on speed (P =0.18) of male adolescent in Lokoja 
metropolis. On the basis of these findings, it was recommended that students should be 
encouraged to engage in plyometric training as part of their structured daily physical activity 
to improve skills related components of fitness. 
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OPERATIONAL DEFINITION OF TERMS 

Some terms used in this study were defined in their operational sense as follows: 

Adolescent: This is the age between 10 and 18 of male adolescents in Lokoja Metropolis 

Area of Kogi State.  

Skill Related Fitness: Consist of those components of physical fitness that have a 

relationship with proficiency in physical activities of male adolescents in Lokoja Metropolis. 

Physical Fitness: Is an integral part of good and wholesome health of the male adolescents in 

Lokoja metropolis. 

Plyometric: is a training that increase the explosive for production through powerful 

contractions of a muscle group immediately following a stretching or eccentric (lengthening) 

phase of male adolescents in Lokoja Metropolis. 
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<:  Less Than 

>: Greater Than 

ACSM: America College of Sport Medicine 

BMI: Body Mass Index 

KG: Kilogram 

N: Number of participants 

REE: Resting Energy Expenditure 

RPE: Rate of Perceived Exertion  

RM: Rate of Motion 

SD: Standard Deviation 
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CHAPTER ONE 

     INTRODUCTION 
1.1 Background of the Study 

Plyometric has been a very popular training technique used by many coaches and 

training experts to improve speed, explosive power, reaction time and eccentric muscle control 

during dynamic movements (Coetzee, 2007; Davies, Murphy,  Whitty, &Watsford, 2013).  It is 

considered a high-intensity physical training method, consisting of explosive exercises that 

require muscle groups to adapt rapidly from eccentric to concentric contractions (Chu, 2011).  

Plyometric training (PT) consists of physical exercises in which muscles exert maximum force 

at short intervals to increase dynamic performance. In this training, muscles undergo a rapid 

elongation followed by an immediate shortening (stretch-shortening contraction), utilizing the 

elastic energy stored during the stretching phase. There is consensus on the fact that when used, 

PT contributes to improvement in vertical jump performance, acceleration, leg strength, 

muscular power, and overall sport-specific skills. 

Adolescence is a time of many transitions for the teens and the family. During the teen years, 

adolescents experience changes in their physical development at a speed unparalleled since 

infancy. The biological changes include increase in the individual’s height (Steinberg, 2008), 

weight (Tanner, 2015) and body fat distribution and muscle mass. Physical development 

includes rapid gains in height and weight. During a one-year growth spurt, boys and girls can 

gain an average of 4.1cm and 3.5cm in height respectively (Steinberg, 2007; Cossor & Mason, 

2012). This spurt typically occurs two years earlier for girls than for boys. Weight gain results 

from increased muscle development in boys and body fat in girls.  During puberty, changing 

hormonal levels play a role in activating the development of secondary sex characteristics. 

These include growth of pubic hair; menarche (first period for girls), voice changes (for boys); 
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growth of underarm hair; facial hair growth (for boys); and the increased production of oil, 

increased sweat gland activity and the beginning of acne (Tanner, 2015). 

Currently, typical plyometric training comprises three phases in which the first phase is 

a rapid muscle lengthening movement known as the eccentric phase. The second phase involves 

a short resting period known as the amortization phase and the third phase involves an explosive 

muscle shortening movement, termed the concentric phase which primarily improve muscular, 

tendon and nerve functions. The increase in physical power make athletes run faster, jump 

higher and hit harder and develop specific skills relative to specific practiced sport (Tanner, 

2015). 

Power is the ability to move body parts swiftly while applying the maximum force of the 

muscles with the combination of both speed and muscular strength.For example, fullbacks in 

football their way through other players and speeding to advance the ball and volleyball players 

getting up to the net and lifting their bodies high into the air, thus a high level of strength can 

determine the rise in power, resulting in an increased level of speed, swiftness and agility 

(Lyttle & Benjanuvatra,  2016). 

Agility is an important aspect of almost every sport. One way to improve this attribute is 

through plyometric training (Tanner, 2013). They reported that plyometric training when 

incorporated in a sport performance training programme of elite athletes, supplemented with 

plyometric exercises, appear to improve adolescent agility and power. Agility is defined as the 

ability of a fast whole-body movement involving the changing of direction or speed in response 

to a given stimulus (Matavulj. Kukoli, Ugarkovic, Tihanyi,  & Jaric, 2017). Speed is the 

quickness of movement of limb legs of an athlete, or the arm of the shot putter. Speed forms an 

integral part of every sport and can be expressed as one of the combination of maximum speed 

and elastic strength for individual to perform a movement or cover a distance in a period of time 

(Chu, 2011).  
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Therefore, plyometric training is inherently dangerous, but the highly focused and 

intense movements used in repetitions may increase the potential level of stress on joints and 

musculotendinous units. Thus, safety precautions are strong prerequisites to this particular 

method of exercise. Low-intensity variations of Plyometric Training are frequently utilized in 

various stages of injury rehabilitation, indicating that the application of proper technique and 

appropriate safety precautions can make plyometric safe and effective for many categories of 

people ( Ozmun,  Mikesky, &. Surburg, 2017). However, guidelines have been prescribed to 

assist in developing appropriate programmes for adolescents. To reduce the risk of injury and 

facilitate the performance of plyometric exercises, programmes must initially focus upon 

technique using low impact exercises before progressing onto higher impact activities (Tanner, 

2015). 

1.2 Statement of the Problem 

Plyometric training are used to develop an athlete’s power, increase response time from 

stationary, promote agility, and increase acceleration and therewith, ultimate speed (Blazevich, 

2009). Plyometric exercises are suitable for improving various measures and components of 

muscle power such as vertical jumping ability, speed and acceleration (Ebben,  VanderZanden,  

Wurm, & Petushek,  2010). Despite the hundreds of research studies that investigated the 

effects of this kind of exercises on vertical jumping performance and running velocity, the vast 

majority of them have performed to adults (Chu, 2011). Few studies have accomplished to 

prepubertal boys (Kotzamanidis, 2006). The relevant studies have reported that plyometric 

exercises improve jumping power and running velocities (Tanner, 2015). Studies on plyometric 

training on boys have not been conducted using sprint test and jump have not been conducted 

on male adolescents. Furthermore, there is uncertainty as to whether exercise training sessions 

alone will offer enough stimuli to develop short-speed and agility performance, development of 
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muscular skeletal system, and increase muscular strength and power (Meylan & Malatesta, 

2009); Findings supporting the benefits of repeated and intense physical efforts in young 

subjects and adolescents, thereby improving motor skills and body composition in terms of 

reducing fat mass and enhanced bone health (Diallo, Dore, Duche & Van Praagh, 2014). 

Prospective studies showed that muscular strength improvement from childhood to 

adolescence are inversely associated with regular involvement in exercise training (Myer, Ford, 

Palumbo & Hewett, 2000; DiStefano, Padua, Blackburn, Garrett,  Guskiewicz & Marshall, 

2010).Plyometric training is a short-term programme that could also be effective for the 

increment of fitness in adolescent. Thus, it would be interesting for coaches and practitioners to 

investigate whether the programme would have any effect on speed, muscular strength, power 

and agility performance of adolescent’s athletes (Lyttle & Benjanuvatra, 2016).   

 As previously reported by Chu et al, (2006) that plyometric training improved jumping 

performance in teenage basketball players and Committee on Sports Medicine and Fitness. 

(2009), reported that plyometric training enhanced jumping performance and running velocity 

in prepubertal boys. None has been conducted to investigate skill related components (Muscular 

Strength, Speed) in Nigeria. With this fact, little research has been conducted on adolescent 

athletes to investigate the skill related components using 10m sprint and jump test among 

adolescent’s boys in Lokoja Metropolis. Therefore, the study was undertaken to investigate the 

effects of plyometric training and selected skill-related components (agility, explosive power 

and speed) among adolescent boys in Lokoja Metropolis, Nigeria. 

1.3 Purpose of the Study 

 The purpose of this study was to determine the effects of plyometric training among 

adolescent boys in Lokoja Metropolis, Nigeria. The study had the following objectives:  



5 

 

i To assess the effect of plyometric training on agility among male adolescent in Lokoja 

Metropolis, Nigeria. 

ii To assess the effect of plyometric training on explosive power among male adolescent in 

Lokoja Metropolis, Nigeria. 

iii To assess the effect of plyometric training on speed ability among male adolescent in 

Lokoja Metropolis, Nigeria. 

1.4 Research Question 

 The following research questions were raised for the study: 

i Would participation in plyometric training improve agility of male adolescents in 

Lokoja Metropolis, Nigeria? 

ii Would participation in plyometric training improve explosive power of male adolescents 

in Lokoja Metropolis, Nigeria? 

iii Would participation in plyometric training improve speed of male adolescents in Lokoja 

Metropolis, Nigeria? 

1.5 Basic Assumptions 

The following assumptions were made for the study: 

1. Plyometric training enhances motor unit recruitment which decreases the amount of time 

needed to produce work, thus leading to improved power output. 

2. Plyometric training is an efficient training exercise to increase sport performance of 

adolescents in competitive events.  

3. It is assumed that plyometric training exercise improve power of adolescents. 

4. Plyometric training enhances motor unit recruitment which decreases the amount of 

timeneeded to produce work, thus leading to improved power output. 



6 

 

1.6 Hypotheses 

On the basis of the research questions, the following hypotheses will be tested  

Major Hypothesis   

 There is no significant effect of plyometric training on skill-related components of 

fitness of adolescent boys in Lokoja metropolis, Nigeria. 

 

Sub-Hypothesis  

i There is no significant effect of plyometric training on agility of male adolescent in 

Lokoja Metropolis, Nigeria. 

ii There is no significant effect of plyometric training on explosive power of male 

adolescent in Lokoja metropolis, Nigeria. 

iii There is no significant effect of plyometric training on speed of adolescent boys in 

Lokoja Metropolis, Nigeria. 

1.7 Significance of the study 

This study served as a platform for ministry of education, youth and sport development to 

evolve strategies and policies that were contribute to the development of skill related 

component of fitness among adolescents in Nigeria using plyometric training. Creating 

awareness among the adolescents and the general populace on the effect of plyometric training 

in enhancing skill related component of fitness. Were also enable physical educators, coaches 

and exercise and sport scientists to establish basis for including plyometric programme in 

Lokoja metropolis Nigeria. Were also contribute to the existing body of knowledge on the 

effects of plyometric training programme on skill related component of fitness among 

adolescents, by serving as a useful reference material on how plyometric training programme 

can be integrated in secondary school curriculum in Lokoja metropolis. 
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1.8 Delimitation 

 This study was delimited to the following; 

i. Male adolescent between the ages of 13 and 14 years in Lokoja Metropolis, Nigeria. 

ii.  Skill-related component fitness of agility, power, speed was tested on adolescent’s boys 

in Lokoja Metropolis, Nigeria 

iii. Plyometric training exercise was undertaken for a duration of 12 weeks. 

iv. The participants was have no underlying health risk factors which could posed a threat 

to the participants in carrying out the exercise programme 
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CHAPTER TWO 

REVIEW OF THE RELATED LITERATURE 

2.0 Introduction 

The main purpose of this study is to determine the effects of plyometric training among 

adolescent boys in Lokoja Metropolis, Nigeria. These skill-selected components are muscular 

strength, power, speed, flexibility and agility on selected skills related components fitness 

among adolescent boys. This chapter reviewed some of the related literature on plyometric 

training. 

The review is conducted under the following subtitles.  

2.1 Plyometrics 

2.2 Fundamentals of Plyometrics 

2.3 Plyometric Exercises 

2.4 Plyometric Skill Components 

2.5 Plyometric Training and its effects on Performances of Adolescents 

2.6  Studies conducted on adolescent on Plyometric Training 

2.7  Plyometric programme development and intervention 

2.8 Summary 
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2.1 Concept of Plyometric Training 

Plyometric training is defined as a quick, powerful movement involving an eccentric 

contraction, followed immediately by an explosive concentric contraction (Bosco, Viitasalo, & 

Komi, 2010; Verhoshanski, 2012; Wilt, 2012). 

Plyometric training is a specific exercise regime that is needed to develop muscles that 

contract maximally in the shortest possible time (Chu, 2013; Siff & Verkhoshansky, 2010). 

Plyometric training is also defined as quick, powerful movements, which lead to the activation 

of the stretch-shortening cycle (Voight, Draovitch & Tippett, 2012). This training method was 

initiated about 30 years ago. The system of plyometric training, as a discrete training approach, 

can be applied effectively in most sports today (Grantham, 2004; Faigenbaum, Farrell,  Radler, 

Zbojovsky, Chu, Ratamess, Kang, & Hoffman, 2015). Plyometric is a valid and viable training 

method to develop muscular strength, speed and explosive power. One principle factor in 

plyometric training is that the nervous system is trained to respond to stimuli and to improve 

neuromuscular skills and muscular strength coordination (Blazevich, 2009; Brown, Mayhew & 

Boleach, 1986; Faigenbaum, Kraemer, Blimkie, Jeffreys, Micheli, Nitka, & Rowland, 2014).  

Plyometric training may be used to develop an athlete’s power, increase response time 

from stationary, promote agility, and increase acceleration and therewith, ultimate speed 

(Blazevich, 2009). Sport-specific exercises, when combined with plyometric training, have been 

shown to effectively correspond with power training (Jacoby & Gambetta, 1989; Siff & 

Verkhoshansky, 2010). Recently, plyometric research has focused on the positive effects of this 

training method on a variety of sports and the prevention of injury (Diallo, Dore, Duche, & Van 

Praagh, 2001; Granata, Wilson & Padua, 2001; Matavulji, Kukolj, Ugarkovic, Tihanyi & Jaric, 

2001). 

With the emphasis in rugby being on strength, explosive power and agility would be a 

key aspect in a player’s overall performance (Turnbull, Coetzee & McDonald, 2012). There are 



10 

 

numerous phases in rugby where speed, stamina, power and agility are required and in many 

cases fairly simultaneously (Anon, 2009; Pearson, 2001; Guy, 2009). Plyometric requirements 

in rugby are not conformed solely to forward play, because the modern game emphasises the 

need for all team members to be powerful, fast and agile. Such modern requirements emphasise 

the potential for the application of plyometric exercises in rugby training (Noakes & Du Plessis, 

2013). There is, however, no information available on systematic investigation of plyometric as 

applied to rugby. This may be due to “team secrecy”, a problem that had previously occurred in 

plyometric research (Siff & Verkhoshansky, 2010).  

The relative importance of stamina, speed, power and agility will vary according to 

playing position (Turnbull, et al, 2012; Haga, 2010). Physical conditioning for rugby players, 

therefore, has to account for at least these four aspects of physical fitness, which in turn must be 

integrated into factors such as skill development and physiological preparation during training 

and playing phases. Whether a player is training for speed, strength endurance or power, there 

are elements, which are common to all training programmes for these fitness components 

(Pearson, 2001; Jenkins, 2008; Ingle, Sleap, & Tolfrey, 2010).  

Skill selected components of fitness games players have different body types and 

positional requirements (Biscombe & Drewett, 2012). The nature of this sport is physical, 

therefore, players have to be physically strong and sturdy (Bloomfield, Ackland & Elliott, 1994; 

Levac, Wishart, Missiuna, & Wright, 2013). Running, as a training modality, is a very 

successful way of achieving an effective aerobic and anaerobic capacities. The major problem 

with running is that it is a potentially stressful and injurious activity due to the impact loading 

which occurs every time the feet make contact with the ground (Collier, 2008). 

Speed is the essence of the excitement in rugby. It is the essential ingredient, which lifts 

a player or team’s performance to a higher level. In rugby, the term ‘speed’ is more complex 

than simply getting from point A to point B in the shortest possible time (Pearson, 2001). It 
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manifests, inter alia, in ‘speed to the breakdown’, ‘accelerating through space’, ‘getting across 

in cover defense’ (Misson, 2008; Greene, 2017). 

Many of the specific movements in a rugby game are plyometric (explosive) in nature 

(Pearson, 2001). Whether players are jumping in the lineout, going for a high ball or simply 

launching themselves into a tackle, the muscle’s stretch reflex is continually being relied upon 

(Turnbull, et al., 2012). It is, therefore, important to include plyometric training in a speed-

conditioning programme. Many jumping and agility movements on the field are dictated by a 

player’s ability to move his body weight rapidly and efficiently (Biscombe & Drewett, 2012). 

Players should vary their starting positions to facilitate a plyometric training effect in sprint 

sessions, for example, ten times ten meter sprint from an off-ground start or three times squat 

jumps (replicating a line-out), followed by a shuttle run. Combining plyometric movements and 

sprint running will assist in the replication of many match-specific movements (Misson, 2008; 

Kotzamanidis, 2014).  

According to Hawley and Burke (2012) previous research highlighted the sustained 

high-intensity pattern of team sports and the stochastic (stop-start) nature of skill selected 

games. Explosive events that include jumping, throwing or speed movements, benefit from the 

use of plyometric exercises. These observations have been extensively confirmed by Gambetta 

(2010), Matavulji et al. (2001), Robberds (2012) and Yessis, (1991), although Gambetta (2010) 

commented that plyometric must be accompanied by power training to maximize the power to 

explosive power ratio. He further stated that a basis of power training is necessary to maximize 

plyometric-training effects, and such a mixture should provide a recipe for success (Gambetta, 

2010). A combination of weight training and plyometric exercises has gained popularity as a 

strategy to improve muscle power and athletic performance (Ebben, 2012).  
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2.2  Development and Fundamental of plyometric 

Plyometric, when first developed in success-hungry Eastern European countries, was 

initially termed “jump training” (Chu, 2012). As Eastern Block successes in track and field 

events, gymnastics and weightlifting began to accrue, the training methods employed were 

scrutinized. In the West, plyometric was referred to as the “Russian Training Secret”, a term 

that did not demystify the training system (Siff & Verkhoshansky, 2010). Initiated in Russia, 

since its scientific formulation as a discrete training system in the 1960’s, it was well 

established in the Eastern Block when the demand came for explosive power training. 

Verkhoshansky, the originator of the system, always favoured the term “shock” training to 

distinguish between naturally occurring plyometric action in sport and the effects of his discrete 

training methods (Chu, 2012). Much earlier sport physiological work used different terms to 

describe what is now termed “plyometric”, the most popular being “stretch-shortening”. 

“Plyometric”, as a training term, was wined in America, deriving from the Latin term meaning 

“measurable increases”. Plyometric was responsible for the increasing competitiveness and 

growing superiority of Eastern Block athletes in track and field events (Chu, 2011). Driven by 

the success of the Eastern Block athletes, plyometric training became essential for all power 

athletes (Siff & Verkhoshansky, 2010). As a conditioning method, plyometric became widely 

employed for the development of leg power (Young, 1991).  

Plyometric is valuable due to the different ways in which muscle group contract and are 

manipulated to maximize the “load up” before explosive movements (Blazevich, 2009; 

Kessel, 2012). As plyometric training became more valuable, other, less explosive, sports began 

employing plyometric concepts linked to their specific movements and activities. This gradual 

acceptance began in the late 1970’s, but only became widespread at the end of the 1980’s. This 

successful progress was retarded by the lack of plyometric expertise in American coaches, who 
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believed that there must be a “better alternative”. Once the quality of the plyometric exercises 

were accepted, the quality rather than the quantity, was emphasized (Chu, 2011).  

During the 1980’s much effort has been expended in reproving the efficacy and safety of 

plyometric training. Some mixed results have been reported, although many of the problems 

might have been generated by comparing trained national and untrained athletes under variable 

conditions. Most poor results can be attributed to the fact that athletic development follows its 

own time curve, which cannot easily be reflected in short-term programmes, when development 

may occur throughout a whole athletic career. For some, this time span may be as short as a 

single season, for others it may be thirty years of competitive activities. Bearing this in mind, 

the athlete’s skill, injury history and many other variables can compromise long-term athletic 

development. Realistic expectations for plyometric training can, thus, only be learned as a result 

of applied research (Chu, 2011).  

2.2.1  Fundamental of Plyometric Theory 

Plyometric is designed to enable muscles to contract to the maximum extent in the 

shortest possible time (Chu, 2013). This training involves quick, powerful movements that 

require stretching or counter movements to activate the stretch-shortening cycle (Siff & 

Verkhoshansky, 2010). During this training, the athlete’s neuromuscular system showed 

reactions to stimuli by the training of their nervous system (Voight et al., 2012). Normal daily 

and sport requirements of stretch-shortening exercises produce the need for functional exercises 

undertaken before sport-specific plyometric. Theoretically, plyometric can close the gap 

between speed and power (Voight et al., 2012). Although speed and power are the most 

common products of a plyometric training programme, the promotion of agility cannot be 

totally ignored (Pearson, 2001). In this regard, plyometric exercises reduce the amortisation 

phase, where the eccentric phase transforms to the concentric. Generally, this conversion from 
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eccentric (negative) energy to concentric (positive) energy is termed the “amortisation” which 

occurs within a few one hundredths of a second (Siff & Verkhoshansky, 2010). A formula has 

been proposed which links the efficiency of contraction time to the relationship between “time 

spent on the ground” and the height achieved during jumping (Voight et al., 2012). This 

approach was further validated by work illustrating that sprinters and jumpers (i.e. athletes that 

rely on the speed and strength capability of leg muscles) actually spend very little time in 

contact with the ground (Duda, 2008). These athletes store energy (from the eccentric and 

concentric phases) in their leg muscles, then partially release this energy during the concentric 

contraction. Energy from the eccentric phase cannot be stored indefinitely in the leg muscles, as 

it disperses in the form of heat, unless the concentric phase immediately follows the eccentric 

phase. Typically, elite high jumpers amortize in about 0.12 seconds (Duda, 2008). Plyometric 

exercises have been developed to minimize the amortization phase, although the duration of 

their phases have been demonstrated to also depend on learning. Therefore athletes may shorten 

their personal amortization phase by learning from skills training within strength development 

(Chu, 2012).  

It is well recognized that whilst many coaches realize the importance of explosive power 

as an ingredient of sport performance, very few of them are familiar with the functioning of the 

mechanism that develops and improves this essential power (Brown et al., 1986; Markovic, 

2014). 

Plyometric exercises that enable muscles to reach maximum strength within the shortest 

time possible, develop speed-strength, which manifests as explosive power in athletes (Diallo et 

al., 2001). Diallo et al. (2001) stress the fact that physiological considerations were increasingly 

essential to optimal performance, not only in adults, but also in young children. In this regard a 

clear understanding of the way in which muscles function physiologically, would demonstrate 

the straightforward, yet complex, way in which plyometric training relates to showed 
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performance in sport, which, according to Gambetta (2010) is indispensable for a thorough 

understanding of plyometric. 

2.3 Plyometric Exercises 

Plyometric exercises enable the athlete to overload and train his/her body in a specific 

position required for a specific competition situation. Today the high level of professional sport 

focuses on specific training and plyometric training is a form of overload exercise. Plyometric 

exercises, in conjunction with a weight-training programme, can lead to the execution of 

specific aspects of exercises (Siff & Verkhoshansky, 2010). 

Wilson, Murphy and Giorgi (2013) as well as Bosco (2012) state that plyometric 

exercises can increase participants’ ability to use elastic energy. Researchers state that 

plyometric exercises can change the elasticity of muscles and tendons, to enable them to store 

bigger quantities of elastic energy during a given stretch-shortening movement. The faster the 

execution of the plyometric activity, the more elastic energy gets stored when the muscles and 

tendons are stretched to produce more power. In this way the delay between the stretch-

shortening cycle is minimal causing maximum energy storage. Another advantage of plyometric 

exercises is that it includes movements, which cause elastic energy to maximize the stretch-

shortening cycle (Blazevich, 2009). This is accomplished through the stretch-shortening cycle 

or an eccentric-concentric coupling phase. The eccentric concentric coupling phase is also 

referred to as the integrated performance paradigm (Fig. 1), which states that in order to move 

with precision, forces must be loaded (eccentrically), stabilized (isometrically), and then 

unloaded/accelerated (concentrically). Plyometric exercise stimulates the body’s proprioceptive 

and elastic properties to generate maximum force output in a minimum amount of time (Voight 

& Brady, 2009). 
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Adopted from American College of Sports Medicine. (2010) 
Figure 1: Integrated Performance diagram 

 

Plyometric training is an effective mode of training as it enhances motor learning and 

neuromuscular efficiency by promoting the excitability, sensitivity, and reactivity of the 

neuromuscular system to increase the rate of force production (power), motor-unit recruitment, 

firin frequency (rate coding), and synchronization.  Muscles produce the necessary force to 

change the direction of an object’s center of mass (Voight & Brady, 2009). All movement 

patterns that occur during functional activities involve a series of repetitive stretch shortening 

cycles. The neuromuscular system must react quickly and efficiently following an eccentric 

muscle action to produce a concentric contraction and impart the necessary force (or 

acceleration) in the appropriate direction. Therefore, specific functional exercises that 

emphasize a rapid change in direction must be utilized to prepare each athlete for the functional 

demands of a specific activity. 

Plyometric training provides the opportunity to train specific movement patterns in a 

biomechanically correct manner at a more functionally appropriate speed. This provides 

functional strengthening of the muscle, tendon, and ligaments specific to the demands of 

everyday activities and sports. The ultimate goal of plyometric training is to improve the 

reaction time of the muscle action spectrum (eccentric deceleration, isometric stabilization, and 

concentric acceleration).  

The speed of muscular exertion is limited by neuromuscular coordination. This means 

that the body will move most effectively and efficiently within a range of speed that the nervous 
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system has been programmed to allow. Plyometric training improves both neuromuscular 

efficiency and the range of speeds set by the central nervous system. Optimum reactive 

performance of any activity depends on the speed at which muscular forces can be generated 

(Wilkerson, Colston, & Short, 2008). 

2.3.1 Types & Phases of Plyometric Exercise 

There are three distinct phases involved in plyometric training including the eccentric, or 

loading, phase; the amortization, or transition, phase; and the concentric, or unloading, phase 

(Chmielewski, Myer & Kauffman, 2006). 

A. The Eccentric Phase 

The first stage of a plyometric movement can be classified as the eccentric phase, but it has also 

been called the deceleration, loading, yielding, countermovement, or cocking phase (Lundin, 

2010). This phase increases muscle spindle activity by pre-stretching the muscle prior to 

activation (Kubo, Kanehisa, & Kawakami, 2012). Potential energy is stored in the elastic 

components of the muscle during this loading phase. A slower eccentric phase prevents taking 

optimum advantage of the mystatic stretch reflex (Verhoshanski, 2012). 

B. The Amortization Phase 

This phase involves dynamic stabilization and is the time between the end of the eccentric 

contraction (the loading or deceleration phase) and the initiation of the concentric contraction 

(the unloading or force production phase) (Wilk, Voight, & Keirns, 2014). The amortization 

phase, sometimes referred to as the transition phase, is also referred to as the electromechanical 

delay between the eccentric and concentric contraction during which the muscle must switch 

from overcoming force to imparting force in the intended direction (Voight & Wieder, 2010). A 

prolonged amortization phase results in less-than-optimum neuromuscular efficiency from a 

loss of elastic potential energy (Chimera, Swanik, & Swanik, 2009). A rapid switch from an 
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eccentric contraction to a concentric contraction leads to a more powerful response (Wilk, 

Voight, & Keirns, 2014). 

C. The Concentric Phase 

The concentric phase (or unloading phase) occurs immediately after the amortization phase and 

involves a concentric contraction (Wilk, Voight, & Keirns, 2014; Voight & Wieder, 2010), 

resulting in enhanced muscular performance following the eccentric phase of muscle 

contraction. This occurs secondary to enhanced summation and reutilization of elastic potential 

energy, muscle potentiation, and contribution of the myotatic stretch reflex (Gollhofer, Strojnik 

& Rapp, 2009; Fukunaga, Kawakami,  & Kubo, 2012) 

 

2.3.2. Physiological Principles of Plyometric Training 

Plyometric training utilizes the elastic and proprioceptive properties of a muscle to 

generate maximum force production (Wilk, Voight, & Keirns, 2014; Voight & Wieder, 2010) 

by stimulating mechanoreceptors to facilitate an increase in muscle recruitment in a minimal 

amount of time. Muscle spindles and Golgi tendon organs (GTOs) provide the proprioceptive 

basis for plyometric training. The central nervous system then uses this sensory information to 

influence muscle tone, motor execution, and kinesthetic awareness (Lundin, 2010). Stimulation 

of these receptors can cause facilitation, inhibition, and modulation of both agonist and 

antagonist muscle activity. This enhances neuromuscular efficiency and functional strength 

(Fig. 2) (Astrand,  Rodahl & Dahl, 2009; Jacobson,  2008; O’Connell & Gardner, 2004). 

 

2.3.3  The basics of Plyometric Training 

According to Heiderscheit et al. (2013), plyometric have become a popular training 

method. It is extremely important to distinguish clearly between plyometric actions, occurring 

as part of many elements in sport and plyometric training, which applies plyometric actions as a 
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distinct goal-directed training modality according to a definite methodology. There is an 

argument as to whether plyometric training is a specific training system in its own right (Siff 

&Verkhoshansky, 2010). It is argued that resistance to movement is encountered in all sports, 

which also questions resistance training as a specific training entity. The critics of plyometric as 

a definite training method should agree that it could therefore be logical to conclude that 

resistance training should not be regarded as a distinct training system. Basic biomechanical 

analysis of the forces and tensions involved, clearly show that high levels of resistance and 

muscle tension are involved in many sports (such as gymnastics, swimming, rowing, and 

wrestling).  

Running or cycling over distances are examples of resistance training methods, as the 

athlete overcomes resistance and produces high levels of muscular tension in both sports. It is 

therefore easy to justify objections regarding resistance training as a separate training method. 

In a similar manner, specific training for stretch-shortening actions – the development of a 

shortened amortization phase - which results in shortened response time, coupled with powerful 

movement, is a very specific training system in its own right. Siff and Verkhoshansky (2010) 

clearly and comprehensively explained the plyometric method of training. It is stated that 

prolonged research in the direction of special strength training led to the development of the so-

called ‘shock’ (plyometric) method of developing explosive strength and reactive ability. The 

plyometric training method stimulates the muscles by means of a sudden stretch preceding any 

voluntary effort (Blazevich, 2009). Kinetic energy, and not heavy weights, accumulated by 

means of the body, or a load falling from a certain height, should be employed. Depth jumps 

and medicine ball rebounding are two of the exercise regimens commonly used in plyometric. 

Plyometric or the shock method requires the use of mechanical shock to stimulate the muscles 

to produce the highest possible tension. This training method is characterized by minimal 

duration impulsive action between the end of the eccentric (breaking) phase and initiation of the 
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concentric (acceleration) phase. It relies on the production of a very brief explosive-isometric 

and eccentric-isometric phase preceding the release of the elastic energy stored in the tendons 

and other muscle components of the series of the eccentric (deceleration) phase. With a 

prolonged transition phase, also called “coupling phase”, of more than 0,15 second, the action 

may be considered to constitute ordinary jumping and not plyometric training. This may be 

visualized as if the surface, being touched by the hands or feet during the plyometric contract 

phase, is red hot, so that prolonged contact would be dangerous (Siff &Verkhoshansky, 2010). 

They further stated that it was important to note that true plyometric training usually involves 

ballistic rather than concentric processes. Their contention was that the activity was not purely 

plyometric if the athlete relies on feedback processes to control the isometric and concentric 

actions, instead of on feed forward programmes established before any movement begins.  

A key factor in plyometric training is the development of explosive strength and reactive 

ability in the athlete. Explosive movements are required in many sports and are typically 

performed at high speeds against resistance (Robberds, 2012). The flexibility, strength and 

aerobic training of the athlete, are also important considerations in plyometric training. The 

development of explosive strength and reactive ability will be discussed later, with brief 

reference to flexibility, strength and aerobic training. Thereafter submaximal plyometric drills 

and specific movements and means that could be identified and organized into a discreet 

training programme for reactive ability development and explosive strength as well as important 

training considerations will be discussed.  

2.3.4 The development of Explosive Strength and reactive ability 

Siff and Verkhoshansky (2010), stressed the fact that for an athlete to successfully 

develop a high level of explosive strength - a motor quality - certain specific movements and 

means need to be identified in and organized into a discreet training programme. They 
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explained that effective methods for the development of explosive strength and reactive ability 

logically begin with an analysis of traditional speed-strength methods. As an example, athletes 

frequently attempt to develop explosive leg strength by using heavy barbell squats and 

dumbbell step-ups, but the muscles work very slowly (quasi isometrically) with a relative 

constant load of tension being produced. Even though this causes the leg muscles primarily to 

develop isometric strength, it does not mean that speed strength, or explosive strength cannot be 

developed in this way. Fast and dynamic contractions are required (Bosco, 2012). The weight 

should not be increased, as is often done to improve strength fitness, because this places large, 

unnecessary loads on the spine. It has been demonstrated that exercises with heavy weights, for 

example, squat thrusts carrying a 60 kg barbell on the athlete’s shoulders, tend to increase the 

muscle’s strength potential combined with a large dynamic maximum force, whilst fast 

exercises with light weights improve speed excitation of muscles and thus the rapid changing 

from eccentric to concentric work. 

These and related skills require that a more specific training regime be implemented 

which is impossible to imitate using only one resistance exercise. Stimulation of muscular 

activity slows resistance movements, and lifting a barbell in preparation for squatting or 

jumping with it, removes the possibility of controlling the mechanisms which are crucial to the 

rapid switching of muscles to the active state (Dick, 2012). At the same time, a decrease in the 

resistance diminishes the dynamic effort required and creates a vicious cycle from which there 

is no apparent escape.  

2.3.7 Warm-up: Submaximal plyometric drills 

An important basic tenet of all exercise programmes is that major efforts of training 

should be preceded by lower-level activities. These “warm-up” activities can take on different 

forms and could be general or specific in nature. The choice of exercises when using plyometric 
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should be specific and related to the larger efforts. These exercises are not classified as true 

plyometric as they require less effort, focus and concentration to complete. They are, however, 

used to develop fundamental movement skills and are therefore helpful in establishing motor 

patterns that directly carry over to speed development and jumping ability (Chu, 2012). 

Gambetta (2010) stated that activities fitting into the warm-up (or submaximal plyometric 

category), should be performed as skill enhancement drills aimed at teaching or rehearsing 

certain motor patterns and not as conditioning drills. Therefore, they are performed over 

distances of 10 to 20 meters, with a relatively long recovery period between exercises.  

Chu (2012) recommended several (eight to 12) of the following exercises, which could 

be grouped into “sets” of three repetitions each, to truly become warm-up activities that will 

both raise the athlete’s core temperature and aid in motor development. 

Marching drills are intended to mimic running movements. They deliberately break down the 

act of running into its components. This allows the coach to stress components such as posture, 

joint angles, range of motion, foot placement and other biomechanical features, often 

overlooked when the whole activity is simply asked to be performed (Chu, 2012). 

Jogging drills comprise many variations that can be modified into being plyometric in nature 

and used to emphasize speed development, for example, jogging on the toes with special 

emphasis on quick ground reaction by not allowing the heel to touch the ground, is a mini-

plyometric activity. Similarly, jogging with straight legs and limiting knee flexion prepares the 

athlete to expect the sharp impact of performing a maximal-effort plyometric drill (Chu, 2012). 

Skipping drills can be used to warm up the athlete and prepare him or her for more complex 

plyometric skills. The synchronization of limb movements is basic to normal motor 

development. So-called reciprocal movements occur between the legs and arms during running. 

Generally, efficient running requires a runner to move his left arm and right leg backward as the 

left leg comes forward, the limb movements then switch to the opposite side of the body as the 
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runner moves forward. Skipping is an ideal submaximal plyometric activity because of the 

requirement to perform reciprocal limb movements with the emphasis on quick take-off and 

landing (Chu, 2012). 

Footwork drills such as the shuttle drills, multidirectional side shuffle drills, and “drop” step 

drills are all considered excellent submaximal plyometric drills (Chu, 2012). 

Lunging drills are exercises taken from the basic exercise movement known as the “lunge”. 

When used as submaximal drills, lunging drills can take on many forms, known as forward, 

sideward, crossover, multidirectional, reverse, and walking lunges. They can, and should 

always, be used as preparation before doing long amplitude jumps (Chu, 2012). 

Alternative movement drills include those movements not previously classified, for example, 

backward running and Carioca. The carioca is a very familiar movement to football coaches. 

This exercise is used to improve hip rotation and foot placement. The upper body is held 

relatively stationary as the player travel down a line sideways, then the feet are switched from a 

crossover position to a reversed position in a rapid fashion. Each activity is aimed at a specific 

area of the body with a special effect in mind when doing the drill (Chu, 2012). 

2.3.8  Plyometric exercises 

Plyometric exercises are focused on the development of a shorter amortization phase 

(Siff& Verkhoshansky, 2010). Chu (2012) reasoned that plyometric training was very specific 

in nature but very broad in application. For the lower extremities, the athlete develops either 

vertical or horizontal acceleration, all movements in running and jumping being simply the 

exertion of some vertical or horizontal force against the ground. Even changing direction falls 

into this category. Medicine ball exercises train the upper extremities and can also be used in 

combination with lower extremity training (Reilly, 1997). 
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Specificity is the key concept to keep in mind when planning a plyometric training 

programme (Blazevich, 2009; Rubley, Haase, Holcomb, Girouard, & Tandy, 2009). The sport 

and the skill to be developed must be analyzed carefully to select suitable exercises. For 

instance, to develop starting speed from a crouched position, for example, an offensive line-man 

in American football, it does not make sense to spend too much time on depth-jumping skills, 

which develop vertical power. A more worthwhile exercise would be the standing long jump or 

double leg hops, which develops horizontal force (Chu, 2012). 

Early jump-training exercises were classified according to the relative demands they 

placed on the athlete. All jump-training exercises can, however, be progressive in nature, with a 

range of low to high intensity in each type of exercise (Young, 1991; Saez-Saez de Villarreal, 

Requena, & Newton, 2009). Kessel (2012) pointed out that high-intensity plyometric drills 

include repetitive hops or jumps using only one leg or both legs with additional external 

resistance provided by a medicine ball or barbell. The variety of running and jumping, as well 

as medicine ball exercises that is part of plyometric training will be discussed briefly below. 

Jumps-in-place: Young (1991) and US Department of Health and Human Services (2010). 

stated that a jump-in-place is a jump completed by landing in the same spot where it started. 

These exercises are relatively low in intensity, yet they provide the stimulus for developing a 

shorter amortisation phase by requiring the athlete to rebound quickly from each jump.  

Standing jumps stress single maximal effort, either horizontally or vertically (Young, 1991). 

Multiple hops and jumps combine the skills developed by jumps-in-place and standing jumps 

(Young, 1991; Witzke & Snow, 2012). 

Bounding: Bounding exercises exaggerate the normal running stride to stress a specific aspect 

of the stride cycle. They are used to improve stride length and frequency and are typically 

performed for distances greater than 30m (Young, 1991; Witzke & Snow, 2012). 
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Box drills combine multiple hops and jumps with depth jumps. They can be low in intensity or 

extremely stressful, depending on the height of the boxes used (Young, 1991). 

Depth jumps use the athlete’s body weight to exert force against the ground. Depth jumps are 

performed by stepping out from a box and dropping to the ground, then attempting to jump back 

up to the height of the box. The key to performing this exercise and decreasing the amortization 

phase, is to stress the “touch and go” action off the ground (Young, 1991). 

Drop jumps: Athletes perform drop jumps by jumping from a raised platform and, upon 

touching the floor, executing a maximal vertical jump (Baca, 1999). Drop jumps are exercises 

in which the athlete, by forced eccentric contraction, attempts to enhance subsequent exercise 

performance (Baca, 1999; Witzke & Snow, 2012). Matavulji et al. (2001) maintained that drop 

jumps could prove to be a powerful tool for improving jumping performance in high-level 

athletes. A study by Walshe and Wilson (1997) found numerous mechanisms that influenced 

drop jump achievement. These findings offer important additional insight into the limitations of 

the dynamic stretch-shortening cycle performance. They stated that muscle-tendon complex 

stiffness may well be an important link to performance inhibition at high eccentric loads. This in 

turn may have implications on the development of flexibility training programmes for activities 

incorporating these contractions. Stiffer performances recorded significantly poorer drop jump 

achievement under high stretch shortening-cycle load conditions when compared to more 

compliant subjects. This finding could possibly be ascribed to greater Golgi-tendon inhibition, 

or a less functional response to the effects of elastic recoil on contractile mechanics, 

consequently retarding the stretch-shortening cycle ability (Walshe & Wilson, 1997). 

Furthermore, Baca (1999) found that video-based methods seem to be a promising means to 

analyse drop jumps.  

Squat jumps: Driss, Vandewalle, Quièrvre, Miller and Monod (2001) compared the effects of 

external loading, on power output in a squat jump, on a force platform in athletes specializing in 
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strength and power events and in sedentary individuals. These results indicated that the effect of 

external loading on power output in a squat vertical jump depends on physical activity. During 

squat jumps, mean and peak power decreased with increasing load in sedentary individuals. The 

magnitude of this decrease was similar to that previously reported for the same loads during 

vertical jump with countermovement in sedentary individuals. In contrast, mean power was 

significantly higher with a 5 kg load in power-trained athletes. Peak power did not vary 

significantly in the three load conditions (0.5 and 10 kg) in power-trained athletes. These results 

suggest that peak power is independent of load, provided that peak velocity is higher than the 

optimal velocity for power output. The velocity of the centre of mass at the peak power was 

significantly lower in the sedentary individuals than in the strength and power athletes. It is 

presumed that peak power on a force platform underestimates maximal power in sedentary 

individuals (Driss et al., 2001; Witzke & Snow, 2012). 

In a study by Humphries et al. (2012) it was found that the use of an electronic braking 

device on the plyometric power system was effective in reducing vertical ground impact force 

(155%) and the passive impact impulse at landings (200%). These results indicate that by 

successfully reducing these impact parameters, the likelihood of sustaining an injury from 

excessive impact forces could be decreased. It was furthermore found that the braking 

mechanism did not interfere with the dynamic concentric nature of the jumping action. The use 

of the braking device, therefore, not only has the potential to reduce injury, it can also be used 

in dynamic closed kinetic chain movements, such as squat jumps, which could then be 

performed without large impact forces (Humphries et al., 2012). 

2.3.9  Training considerations 

Programmes must be prudently planned and administered. Plyometric training is a 

relatively high-stress method that needs to be progressively incorporated into the athlete’s 
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programme (Kessel, 2012). One of the major tasks is to conduct a needs analysis, taking into 

account the athlete’s sport and specific movements to participate effectively. The results of the 

study by Witzke & Snow (2012), emphasized the importance of sports specificity, especially for 

in-season training. Other issues to consider are the athlete’s age, experience and athletic 

maturity. The actual combination of drills and volume of repetitions will depend on the athlete’s 

level of conditioning and the specific types of power the athlete wants to work on (Kessel, 

2012). The best coaches are not always successful, but they do make training an enjoyable, 

organized, and progressive activity that ultimately takes the athlete to higher performance levels 

(Chu, 2012).  

According to Chu (2012) the myth that females must train differently than males still 

exists in some circles. It was stated that there is no reason why female athletes cannot perform 

plyometric with the same degree of skill, proficiency, and intensity as males. The controlling 

factor of having a strength base is applicable to both sexes. Any athlete who chooses to ignore 

complementary strength training is headed for difficult times and possibly injuries (Chu, 2012).  

Age: Children will always run and jump while playing. As adults we tend to take thiselement of 

play – also known as fun – out of training programmes by rigidly applying specific regimens 

(Blazevich, 2009; Chu, 2012). 

Young athletes: Elementary school children can successfully perform plyometric training as 

long as the coach does not call it plyometric. Young athletes can benefit more from direct 

training as they approach pubescence (Blazevich, 2009). 

Pubescent athletes: Plyometric for this group should always start off as gross motor activities 

with low intensity. They should be introduced into warm-ups and then added to sport-specific 

drills (Blazevich, 2009). 
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Adult athletes: As athletes approach the stage of individualization, they can begin to look at 

developing off-season and pre-season training programmes as preparation for performance 

(Blazevich, 2009; Chu, 2012). 

According to Siff & Verkhoshansky, (2010) coaches can add a new dimension to an 

athlete’s programme with an effective and efficient training method. Eccentric training might be 

one way to respond to an athlete’s training schedule. Research suggests that this way of training 

might be the most efficient form of exercise, yielding greater overall strength gains, with less 

effort, than other methods. Finding ways to integrate eccentric training into sessions may help 

athletes to perform more work while exerting less effort, accomplish more in each workout by 

reducing the time spent on an exercise and reduce overall strength training time, allowing more 

time for flexibility and cardiovascular training in same workout period. 

  Isokinetic power of the shoulder internal rotators increased isokinetic power, but neither 

isokinetic nor plyometric training resulted in a functional improvement of the softball throw 

(Heiderscheit et al., 2013). 

Differences exist between male and female knee deceleration, although they are not sufficient to 

explain the rate of injury. In the two-leg landing females exhibited significantly greater hip 

flexion while males tended towards greater dorsiflexion and eversion. This may suggest that at 

landing the males were executing different strategies for stability on landing. In the study it was 

suggested that the action of the two joint muscles that act on the knee and hip might have an 

important impact on what ultimately occurs at the knee (Shapiro et al., 2001; Witzke & Snow, 

2012). 

Research suggests that limb alignment may influence neuromuscular timing and activation 

patterns (Shultz et al., 2001). This study was, however, done on a limited number of subjects, 

with no attempt to control for gender balance between groups or the influence of other lower 

extremity misalignments that may confound the results obtained (Shultz et al., 2001).  
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Gender differences exist in active muscle stiffness. There is, however, no theory to explain 

these differences (Granata et al., 2001; Witzke & Snow, 2012).  

Stiffness recruitment strategies may be utilized during functional tasks to influence 

neuromuscular and biomechanical factors to compensate for reduced effective muscle stiffness 

(Granata et al., 2001). 

There is a difference between the two genders pertaining to both biomechanical and 

neuromuscular variables during landing activities (Lephart et al., 2001; US Department of 

Health and Human Services, 2010). 

Male athletes have a greater amount of knee flexion when subsequent to impact. The larger 

flexion displacement serves to attenuate impact forces, reducing loads imposed on the knee 

joint. The absence of controlled knee flexion in females may be related to the weaker 

quadriceps and hamstring group, which leads to stiffening of the knee joint and the promotion 

of anterior cruciate ligament (ACL) injuries in the female athlete (Lephart et al., 2001). 

2.3.10 Development of Power programmes 

Power training has to be seen as an essential part of good performance, but it is 

important to know that power training is only one of the ingredients that can lead to success. 

Power training plays an essential role in the general training programme of successful sports 

people. According to Yessis (1991), Witzke & Snow, (2012) and US Department of Health and 

Human Services (2010), it is not advisable to do plyometric- and power training during the pre-

competition period. These two training systems can be included into the training programme in 

the preparation phase that follows the base training phase.  

Research has showed that sports people need to complete a base-training phase where 

they prepare or strengthen the muscles and joints to be able to do plyomertric training and 

thereby intensify their power training. The development of power is based on the principle of 
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overload. This researcher did not include power training, to be able to determine the 

effectiveness of the six-week intervention programme. 

2.4 Plyometric Skill Components 

2.4.1 Agility 

Agility is the ability of a player to make changes in body direction and position rapidly 

and accurately without losing balance, in combination with fast movements of limbs (Ellis et 

al., 2000; Kent, 2004). Roozen (2004) found what determined agility was the ability to combine 

muscle strength, starting strength, explosive strength, balance, acceleration, and deceleration. 

Agility requires rapid force development and high power output, as well as the ability to 

efficiently utilize the stretch shortening cycle in ballistic movements (Plisk, 2008; US 

Department of Health and Human Services, 2010). Plyometric training reduces the time 

required for voluntary muscle activation, which may facilitate faster changes in movement 

direction 

Miller et al. (2006) studied the effects of a six-week plyometric intervention on agility 

performance. Untrained male and female participants were divided into two groups, a 

plyometric training (PT) (n=14; age: 22.3 ± 3.1 years) and a control-group (n=14; age: 24.2 ± 

4.8 years). All participants participated in two agility tests, the T-test and the Illinois Agility 

Test, and a Force Plate Test for ground reaction times both pre- and post-testing. PT-group had 

quicker post-test times compared to the control-group for the agility tests. T-test times improved 

by 4.86% (p<0.05), with a significant group effect (p=0.0000). The Illinois agility test improved 

by 2.93% (p<0.05), with a significant group effect (p=0.000). The PT-group reduced time on 

the ground on the post-test compared to the control-group. Ground contact times measured by a 

force plate, improved 10% (p<0.05), with a significant group effect (p=0.002). PT improved 
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performance in agility tests either because of better motor recruitment or neural adaptations. 

Therefore, PT showed to be an effective training technique to improve an athlete’s agility. 

Contrary to the above research,   Wrotniak,  Epstein, Dorn, Jones, & Kondilis, (2017), 

showed no significant improvements in T-test times after the completion of a six-week 

combined plyometric and pre-season basketball conditioning programme by female basketball 

players. Greater measurable performance changes in agility for this trained population would 

have been detected with a longer training period for both the PT experimental group and 

control-group, which just completed basketball pre-season conditioning. The above literature 

indicated that PT could be utilized as an effective training modality to improve an athlete’s 

agility. PT induced performance in agility may be due to better motor recruitment or neural 

adaptations in the PT-trained participants. Significant improvements in agility can also be 

attributed to using untrained male and female participants than trained participants, where the 

degree of improvement was smaller. 

2.4.2 Power 

Power is the product of strength and speed and refers to the ability of the neuro muscular 

system to produce the greatest possible impulse in a given time period (Stolen et al.,2005:503). 

According to Wisloffet al. (2004), muscle strength of lower limbs is significantly associated 

with vertical jump height. Stolen et al. (2005:503) acknowledged that maximal strength is one 

basic quality that influences power performance, because an increase in maximal strength is 

usually connected with an improvement in relative strength hand, therefore, improvement of 

power abilities. Different studies have shown that the leg power of football players measured 

with vertical jumps is between 38 and 45 cm (Comettietal., 2001; Tumilty, 1993). Various 

vertical jump heights have been reported by previousstudies, up to 55 cm in English (Shephard, 

1999; Strudwick, Reilly & Doran, 2002;Wisloffet al., 2004) and Norway elite football players, 
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whereas lower jump heights(39.5 cm) were observed in Icelandic elite football players, as noted 

by Arnason et al.(2004:280). In contrast to these studies, Dowson, Cronin and Presland (2002) 

found that younger players have jumped shorter heights. In the study done by Arnasonet al. 

(2004), a significant relationship was observed between the team average for jump height 

(counter-movement jump and standing jump)and team success (final league standing). Gissis et 

al. (2006) also found that the jumping ability of national-level football players is significantly 

higher than the ability of players at sub-elite and recreational levels. A study done by Reilly et 

al. (2000) has also shown significant differences in vertical jump height among football players 

of different competition levels. Interestingly, McMillan et al. (2005) noted that after a 10 week 

high-intensity aerobic training intervention, squat jump (SJ) increased from 37.7 (6.2) to 40.3 

(6.1) cm and counter-movement jump (CMJ) increased from 52.0 (4) to 53.4 (4.2) cm, thus 

concluding that the addition of high-intensity interval training at 90-95 % HRmax will have no 

negative interference effects on strength, jumping ability and sprint performance. 

2.4.3 Speed 

Sprint running, in varying degrees, is an essential element of successful performance in 

many sports. It represents a complex ballistic movement and multidimensional movement skill. 

It requires both concentric and SSC explosive force production of most leg extensor muscles. It 

follows that, sprint performance could benefit from plyometric training (PT) (Rimmer & 

Sleivert, 2000; Markovic & Mikulic, 2010). For the transfer of PT to sprinting, it is likely that 

the greatest improvements in sprinting will occur at the velocity of muscle action that most 

closely matches the velocity of muscle action of the plyometric exercises employed in training 

(Rimmer & Sleivert, 2000). Rimmer and Sleivert (2000) studied the effects of a plyometric 

programme on sprinting performance in a group of 26 male participants (age: 24 ± 4 years), 

consisting of 22-rugby players and four touch-rugby players, playing at elite or under- 21 level 
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of competition. Participants were divided into a plyometric-group (n=10) performing sprint-

specific plyometric exercises, a sprint-group (n=7), performing sprints and a control-group 

(n=9). All three groups performed sprint tests before and after the eight week intervention (15-

sessions), consisting of three to six maximal sprint test efforts between 10- and 40-metres (m). 

During the 40-metre sprint, time was also recorded, at the 10-, 20-, 30-, and 40-m marks. The 

stride frequency was determined with a video camera in the 10- and 40-m sprints. Ground 

reaction time was measured with a force plate platform between the seven and 10-m marks, and 

also between the 37- and 40-m marks. The plyometric-group showed a significant decrease in 

time over the 0–10-m (2.6%; p=0.001) and 0–40-m (2.2%; p=0.001) distances, with the greatest 

improvement within the first 10-m of the sprint. These improvements were not significantly 

different from those observed in the sprint-group. However, there were no significant 

improvements in the sprint-group. The control group also showed no improvements in sprint 

times. There were no significant changes in stride length or frequency for any of the groups 

during the study. PT-group was the only group to show a significant decrease (4.4%) in ground 

contact time, and this only occurred between the 37-m and 40-m mark. The results showed that 

sprint specific plyometric exercises can improve sprint performance to the same extent as 

regular sprint training, especially over the first 10-m (acceleration phase) of the sprint, possibly 

due to shorter ground reaction times. In sports where speed up to 40-m are important, benefits 

would be derived by adding sprint-specific exercises to a regular sprint training programme, 

especially when acceleration adds to enhanced performance. 

Rimmer and Sleivert (2000) concluded that PT with its greater emphasis on 

powerdevelopment but lesser specificity was as effective as the sprint training with its greater 

specificity but lesser potential for power development. In contrast, Markovic et al. (2007b) 

showed sprint training to be significantly superior to PT in improving 20-m sprint performance 

time (p=0.02), in a 10-week plyometric and sprint training comparative study. PT exercises used 
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in the study were not sprint specific, which possibly made the power transfer from PT to sprint 

performance more difficult. This study supports the use of sprint training as an applicable 

training method for improving explosive performances of athletes in general. 

On the other hand, a plyometric intervention within an athlete’s periodization does not 

always improve a player’s sprint speed. Thomas et al. (2009) compared the effect of either DJ 

or CMJ six-week, bi-weekly PT intervention upon trained adolescent soccer players. For this 

sport-specific population, sprint speed was assessed for 20-m with five metre splits, from a 

standing start. Post-training analysis showed that both groups experienced no change in sprint 

speed performance (p>0.05), nor was a significant difference shown between the intervention 

groups. These results were potentially due to the fact that plyometric exercises were not 

performed at sprint-specific velocities of muscle action or movement. In accordance with the 

velocity specificity principle of training, the ground contact times were not short enough to 

elicit an increased ability to generate explosive ground-reaction forces during sprinting.  

From the findings of the above three-studies, there appears to be no evidence that PT 

was superior to traditional sprint training for speed improvement (Markovic & Mikulic, 2010). 

In terms of specificity, sprint training has been shown to improve explosive performances 

significantly greater than PT in a 20-m sprint in untrained male university students. Sprint-

specific plyometric exercises did improve sprint performances to the same extent as regular 

sprint training in elite rugby players, over the first 10-m, and up to 40-m. PT must be performed 

at sprint-specific velocities of movement, to decrease ground contact times to enhance explosive 

sprint performances. 

2.5 Plyometric Training and its effects on Performances of Adolescents 

Primarily used by martial artists, sprinters and high jumpers to improve the 

performances of athletes, PT has emerged in two forms that have evolved since 1980. An 
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original version defined as the ‘shock method’ was created by the Russian scientist Yuri 

Verkhoshansky, the second version is widely used in the United States. In the first form, the 

athlete is required to drop down from a height and experience a ‘shock’ upon landing. This in 

turn led to a forced eccentric contraction, which was then immediately switched to a concentric 

contraction as the athlete jumped upward. The landing and take-off were executed in an 

extremely short period of time (0.1–0.2 sec). The shock method is the most effective method 

used by athletes to improve their speed, quickness, and power after development of a strong 

strength base. The second version of plyometric widely used in the United States, relates to 

doing any form of jump regardless of execution time. This involves jumps that are lower in 

intensity and execution, while the time required for transitioning from eccentric to the 

concentric contraction is much greater. 

2.6 Studies conducted on adolescent on Plyometric Training 

The study of Eskandar, Asghar, &Ebrahim, (2014), investigated the effect of plyometric 

and resistance training on agility, speed and explosive power in soccer players. The results 

showed that eight weeks of plyometric training had significant effects on agility records 

reduction. The results were consistent with Tanner (2015) but did not match with Alemaglu et al 

(2012). Plyometric training affects muscle spindles, Golgi-tendon, tendons, joints, balance and 

body position controlling. Maybe neuromuscular adaptations caused by plyometric exercises 

affects muscle spindles, Golgitendon, tendons, joints, balance and body position controlling 

favorably and this led to agility improvement in these athletes. The results showed that eight 

weeks of plyometric training had significant effects on speed records reduction. These results 

were consistent with Chu (2012) but did not match with Lyttle & Benjanuvatra, 2016. A 

number of factors such as muscle length, strength, age, gender, temperature, body shape, force 

and flexibility can have profound impacts on speed. Probably plyometric exercises led to speed 
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improvements by affecting muscle length, force, muscle temperature, strength and flexibility 

during the eight weeks.  

The results showed that eight weeks of plyometric training increased explosive power 

significantly. The results were consistent with Lyttle & Benjanuvatra, 2016 but did not match 

with Tanner, 2015. Plyometric is a training method, which is widely used to improve muscular 

strength to generate explosive power. This method led to increased explosive power in subjects 

by rapid strength production and nervous system improvement after eight weeks. 

The results showed that eight weeks of resistance training had significant effects on reducing 

agility records. These results were consistent with Miller et al (2006) but did not match with 

Tartibyan et al., (2012). Agility along with other factors such as balance, coordination, speed, 

power, and reaction speed is one of the physical fitness factors related to skills. Probably, 

muscle fibers hypertrophy due to resistance training led to the subjects' ability to change 

situation and direction rapidly without losing precision and balance. The results showed that 

eight weeks of resistance training had not significant effects on reducing speed records. The 

results were consistent with Tartibiyan et al.,(2012) but did not match with Shahidi et al., 

(2012). 

Research results show that resistance training improves speed in professional soccer 

players by affecting leg extensor muscles. Apart from increasing power, other factors such as 

muscle length and temperature, body shape and flexibility also should be noted in speedy 

performances. The results showed that eight weeks of resistance training had significant effects 

on increasing explosive power. These results were consistent with Shahidi et al., (2009) but did 

not match with Lamontage et al., (2011). Nerves adaptation improves strength in the first 3-4 

weeks of resistance training. Muscle hypertrophy creates an increase in the size and function of 

muscle fibers after 8-12 weeks of resistance exercise. Probably neural adaptations and 

hypertrophy caused by resistance exercises, improved explosive power in these subjects. The 
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results showed that the plyometric group registered better records in agility, speed and explosive 

power compared with the resistance group after eight weeks. Maybe neuromuscular adaptations 

caused by plyometric exercises affected muscle spindles, Golgi-tendon, tendons, joints, balance 

and body position controlling more favorably and this led to agility improvements in these 

athletes. Also in the plyometric group maybe the increased speed of message transfer from 

muscle to the nerve center and vice versa led to better records in speed test compared with the 

resistance training group.  

Moreover, about explosive power, probably fast twitch motor units are more called in 

plyometric exercises in comparison to resistance exercises. By calling for this type of fiber the 

larger motor units which have higher discharge, frequencies will be involved and they produce 

more power than other types of muscle fibers. 

2.6.1 Upper body plyometric training 
 

Upper body plyometric training (PT) is essential for athletes who require upper body 

power (Wilk et al., 1993; Newton et al., 1997). Any exercise using an eccentric prestretch 

followed by an explosive concentric contraction is plyometric in nature. Various forms of 

exercise can be used to exploit the stretch reflex, as the musculature of the upper body possesses 

the same physiological characteristics of the lower body (Potash & Chu, 2008). The push-up 

exercise can be used within a simple PT programme to develop power in the shoulder girdle 

region (Voight et al., 1995). Vossen, Kramer, Burke and Vossen (2000) compared the effects of 

dynamic push-up training and plyometric push-up training on upper body strength and power. A 

group of 35 recreationally active women were randomly divided into a dynamic push-up group 

(n=17) and a plyometric push-up group (n=18), completing 18-training sessions, three days per 

week, over a six-week period. The participants performed two-tests of measuring the power and 

strength of shoulder and chest, before and after the six-week intervention. Tests included the 
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two-handed medicine ball put, and one repetition maximum (1RM) seated chest press. In the 

medicine ball put, the plyometric push-up group experienced significantly greater increases than 

the dynamic push-up group (p<0.05).  

In the chest press, the plyometric push-up group demonstrated a slightly greater 

improvement than the dynamic push-up group pre-to post-test, but there were no significant 

differences between the two groups. These results showed that the plyometric push-up was 

more effective than dynamic push-up in developing upperbody power and strength. It still 

remains unclear whether upper body PT could translate into improvements in athletic 

performance. Santos and Janeira (2011) studied the effects of PT explosive strength in 

adolescent male basketball players (age: 14 to 15 years). An experimental group and control 

group were utilized. The experimental group performed a 10-week in-season PT programme, 

twice weekly, along with regular in-season basketball practice.  

Simultaneously, the control-group participated in regular basketball practice only. 

Forthe upper-body, explosive strength test-battery in the 3-kg medicine ball throw, the 

experimental group improved 14.9% pre- to post-testing, as against the control improving 5.5% 

after the 10-week intervention. This shows a significant difference between the groups 

(p<0.001). Conclusively, PT showed positive effects on upper and lower-body explosive 

strength in adolescent male basketball players. Faigebaum et al. (2007) showed similar results 

in a study exploring the effects of combination training (PT and weight training) as against 

weight training (WT) only, in adolescent participants. For the upper-body explosive power test, 

the combination training group improved 14.4% upon the 3.6-kg medicine ball throw pre- to 

post-testing, versus the WT of 5.6% in the six-week intervention. It was thus significantly 

greater than the WT (p<0.05). 

The above upper body PT literature found the plyometric push-up could be a more 

effective in developing upper-body power and strength than a dynamic push-up, in 
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recreationally active females. In active adolescent males, upper body power was significantly 

improved with concurrent in-season training and additional PT than participants just 

maintaining in-season training. Furthermore, combination training demonstrated greater gains in 

upper body explosive power than WT alone, in adolescent males. 

Upper body PT is acknowledged as a highly viable, useful, and necessary PT modality, but was 

not the focus of this theoretical review of lower body plyometric. Further study would be highly 

recommended for exploring upper body PT alone, or alternatively, combined with lower body 

PT in trained and untrained athletes participating in power-based sports such as rugby union. 

The use of upper body PT in water compared to land-based upper body PT would be a useful 

addition to research. 

2.6.2 Combination training for athletic performance 

 
An effective optimal training strategy to enhance dynamic athletic performance appears 

to be a hybrid; plyometric training (PT) combined with other training modalities, most 

commonly with some form of weight training (WT). The combination of these exercises may 

better facilitate the neural and mechanical mechanisms that enhance performance in activities 

that require maximal force. WT protocols have been modified by incorporating more dynamic 

and explosive movements aimed toward power development. WT protocols are becoming 

increasingly effective in improving mechanical power in movements requiring explosiveness 

(Komi & Bosco, 1978; Wilson et al., 1993). For example, the combination of PT and WT 

appears to have a greater potential to enhance vertical jumping (VJ) performance when 

compared with PT alone (Markovic & Mikulic, 2010; Sáez-Sáez De Villarreal et al., 2010). 

Kubo et al. (2007) studied the effect of PT and WT on the mechanical properties of the muscle–

tendon complex and muscle activation during jumping. Results showed that PT improved 

concentric and stretch-shortening cycle (SSC) jump performances through changes in 
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mechanical properties of the muscle-tendon complex. WT-induced changes occurred only in the 

concentric jump performances due to increased muscle hypertrophy and neural activation of 

plantar flexors. 

Faigebaum et al. (2007) further explored the effects of a six-week combination training 

(PT and WT) compared with static stretching and WT, on performance variables in adolescent 

male participants aged between 12- to 15 years. Performance variables tested pre-to post-testing 

were vertical jump, long jump, 3.6-kg medicine ball toss, 9.1-m sprint, pro agility shuttle run 

and sit-and-reach flexibility. The combination training-group made significantly (p<0.05) 

greater improvements than WT in long jump (10.8 cm versus 2.2 cm), medicine ball toss (39.1 

cm versus 17.7 cm) and Pro-agility shuttle run time (-0.23 s versus -0.02 s) following training. 

Results established that adding PT to a resistance training programme was more effective than 

resistance training and static stretching, in improving upper and lower body power performance 

in boys. Therefore combination training would be a valuable addition to a conditioning 

programme aimed at maximizing power performance in youth. 

Fatourus et al. (2000) also supported the use of combination training comprising of 

traditional and Olympic-style weightlifting exercises and plyometric drills to improve VJ ability 

and explosiveness in untrained men. The combination training (PT plus WT) group exhibited 

significantly (p<0.05) better performance than the PT and the WT groups in VJ height, jumping 

mechanical power and flight time. Leg strength was measured by the leg press and barbell back 

squat. The combination-group presented significantly (p<0.05) greater improvement compared 

to the PT-group but not to the WT-group. WT showed greater improvement than PT in maximal 

leg strength measured by the leg press, whereas maximal strength measured by the back squat 

showed equal increases in both groups. These findings were attributed to the nature and 

specificity of the plyometric and WT exercises prescribed during the intervention. 
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However, the structure of the 12-week intervention, with three days per week training 

would be unpractical within an in-season intervention for a power-based sport, and would be far 

more beneficial in a off-season or pre-season periodization. Athletic training programmes must 

be varied between PT, WT, and combination of both modalities to fully complement an 

athlete’s physical conditioning and preparation for in-season competition. Mihalik, Libby, 

Battaglini and McMurray (2008) studied the efficacy of two forms of combination training 

programmes (complex and compound) for enhanced VJ height and increased lower body power 

production. A group of 31 competitive club volleyball players (11 men and 20 women; age: 

20.6 ± 2.3 years) were assigned to either a complex training group or a compound training 

group, based on gender, or matching the participants on pertaining vertical jump height (VJH). 

Both groups trained twice a week for four weeks. The complex training group alternated WT 

and PT on each training day, whereas the compound training group consisted of WT on one day 

and PT on the other. The participants underwent a single test of a VJ (with countermovement 

arm swing) upon a force platform measuring the VJ height and lower body power output. VJ 

testing sessions were performed pre-training, post weeks one, two, three, and four of training. 

Both groups improved significantly for VJH (p<0.0001) and power production (p<0.0001) over 

the four weeks of training. The complex training group increased VJH by 5.4%, while the 

compound training group increased VJH by 9.1%. The complex training group increased mean 

power output by 4.8%, while the compound training group increased mean power output by 

7.5%. Neither group improved significantly better than the other, nor did either group 

experience faster gains in vertical leap or power output (p>0.05). Compared to pre intervention 

measures, both groups significantly increased VJH and power in the post week three and four 

sessions. VJH was significantly higher for men in both groups (p< 0.0001). Men jumped 24.8% 

and 22.3% higher than their female counterparts in the complex and compound training groups. 

Power outputs were significantly higher in the men for both groups (p<0.0001). The complex 
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training group was 31.4% greater and the compound training group was 26.4% greater. No 

significant difference in the rate of improvements in VJH or power output occurred between 

genders (p>0.05). 

Mihalik et al. (2008) found that both forms of training resulted in similar improvements 

in VJH and power for both genders, regardless of training experience. A minimum of three 

weeks of either complex or compound training was effective for improving VJH and power 

output. The choice of training programme might therefore be dependent upon how the WT and 

plyometric fit best into the overall training programme of a team or athlete’s periodization. 

Combination of PT and WT may better facilitate the neural land mechanical 

mechanisms to enhance performance requiring maximal force, and developing power through 

more dynamic and explosive movements. Combination of PT and WT could have a greater 

potential to significantly enhance VJ performance than with PT alone in both trained and 

untrained populations (US Department of Health and Human Services, 2010).. Combination 

training also produced significant results in upper and lower power, agility and sprint speed, in 

adolescent males. Combining WT with upper body and lower body PT produced greater 

improvements than WT-trained boys in VJ, long jump, medicine ball toss, 9.1 m sprint, and an 

agility shuttle run. Complex or compound training produces similar results in VJ height and leg 

power in trained male and female volleyball players. 

2.7 Plyometric programme development and intervention 
 

Gambetta (2007) and US Department of Health and Human Services (2010),  stated that 

plyometric training (PT) is appropriate for virtually any sport if properly applied in the context 

of the sport. The goals of PT are to raise explosive power, better attenuate ground reaction 

forces, and learn to tolerate stretch loads. There is not a sport that could not profit from one or 

all three goals. The most important consideration in implementing and administering a land-
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based plyometric training (PT) programme is the athlete. Age, experience, and athletic maturity 

are all important criteria in establishing and modifying PT (Chu, 2011). Development of a 

plyometric programme should begin with establishing an adequate strength base that will allow 

the body to withstand the large stresses during ground contact (Voight & Tippett, 2004; US 

Department of Health and Human Services, 2010). An effective PT programme must 

accomplish specific goals through the manipulation of these factors: mode, intensity, frequency, 

duration, recovery, and progression (Chu, 2011; Potash & Chu, 2008).  

The only reported recommendations for implementing an aquatic plyometric programme 

were from Witzke & Snow (2012). These recommendations advised that an aquatic plyometric 

training (APT) programme should be based on the same principles as those of land-based PT 

with regards to the rules for intensity, volume, height of jumps, and frequency (Miller et al., 

2001). Although the study by Martel et al. (2005) was the first to combine sport specific 

conditioning with an APT programme. This APT programme provided a useful template for 

power-based sports, especially those where power endurance was important. Miller et al. (2001) 

also provided training guidelines for PT performed within the aquatic environment. With the 

physical properties of water in mind, these training guidelines optimized APT programme 

prescription, and included the use of aquatic plyometric equipment, as well as safety 

considerations for the participant performing these explosive exercises. 

2.7.1 The Elastic Properties of Muscle 

The concept of plyometric is based on the three-component model of muscle. Muscle is 

modeled with a contractile element and two elastic elements that are named according to their 

relationship to the contractile element—one in line with (the series elastic element) and one in 

parallel (the parallel elastic element). When a muscle contracts, tension is not directly 

transmitted to the ends of the tendon and the load is not overcome, leading to movement. This 
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would only happen if the connection between the contractile element and its insertion were rigid 

and inelastic. 

In reality, the contractile element develops tension, stretching the series elastic element; 

the degree of stretch is dependent on the load to be moved. After sufficient tension has been 

generated the tension at the ends of the muscle is sufficient to overcome the load and the load is 

moved. When a load is applied to a joint (eccentric phase), the elastic elements stretch and store 

potential energy (amortization phase) prior to the contractile element contracting (concentric 

phase). An eccentric contraction immediately preceding a concentric contraction significantly 

increases the force generated concentrically as a result of the storage of elastic potential energy 

(Bosco, Viitasalo, & Komi, 2010). 

During the loading of the muscle, the load is transferred to the series elastic components 

and stored as elastic potential energy. The elastic elements then contribute to the overall force 

production by converting the stored elastic potential energy to kinetic energy, which enhances 

the contraction (Bosco, Viitasalo, & Komi, 2010; Asmussen & Bonde-Petersen, 2010). The 

muscle’s ability to use the stored elastic potential energy is affected by the variables of time, 

magnitude of stretch, and velocity of stretch. Increased force generation during the concentric 

contraction is most effective when the preceding eccentric contraction is of short range and is 

performed without delay (Wilson, Wood & Elliott, 2010). A simple example of the use of the 

energy stored in the elastic element is the basic vertical, or countermovement, jump. The initial 

squat (the countermovement) is the eccentric phase that stretches the elastic elements and stores 

elastic energy (amortization phase). When the jump is performed (the concentric phase), the 

stored energy is “added” to the tension produced leading to a higher jump. The amount of stored 

energy used is inversely proportional to the time spent in the amortization phase.  
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Adopted from American College of Sports Medicine. (2010)  

Figure 2: Physiological principles of Plyometric training 

When doing a vertical jump, the longer one waits at the end of the countermovement 

before performing the jump, the lower the eventual jump height due to the inability to recover 

the stored elastic energy. The improved muscular performance that occurs with the pre-stretch 

in a muscle is the result of the combined effects of both the storage of elastic potential energy 

and the proprioceptive properties of the muscle. The percentage that each component 

contributes is unknown at this time, but the degree of muscular performance, as stated earlier, is 

dependent upon the time in transition from the eccentric to the concentric contraction. Training 

that enhances neuromuscular efficiency decreases the time between the eccentric and concentric 

contraction, thereby, improving performance. 

Plyometric exercises involve the quick pre-stretching of a muscle (eccentric 

contraction), immediately followed by the shortening of that same muscle. This eccentric-

concentric muscle contraction is often described as the stretch-shortening cycle and occurs 

naturally in running and jumping activities (Blazevich, 2009). Chu (2013), Wilt (1976), Wilson 
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et al. (2013), Voight et al. (2012) and Maarten (1990) support the principle of plyometric 

exercises and the stretch-shortening cycle. If muscles are stretched before the concentric 

contraction, the result is a more powerful contraction, due to: 

• the series elastic component of the muscle, that includes the tendon and cross bridges 

characteristic of the actin-myosin. 

• the sensors in the muscle spindle (proprioreceptors) that play a big role in preparing the right 

muscle tension. 

• the variation of sensory information that relates to the quick stretching of the muscle for the 

activation of the stretch reflex. 

Muscle elasticity is an important characteristic of muscle tissue that explains how the 

stretch-shortening cycle can produce more power than a simple concentric contraction 

(Blazevich, 2009). As previously illustrated the muscles can develop the tension through quick 

stretching that is only stored for a short while so that it contains a sort of elastic energy. For 

example, if one would take an elastic and stretch it out, the elastic has potential energy to return 

quickly to its original length (Wilt, 1976; Witzke, & Snow, 2012). The quick stretching of the 

muscles and tendons causes energy storage, which can lead to the recuperation during the 

concentric contraction which makes the execution easier (Wilson et al., 2013). Plyometric 

exercises can develop elastic characteristics of muscles and tendons, so that greater amounts of 

energy can be stored and used during the stretch-shortening cycle (Young, 1991; Wrotniak, 

Epstein, Dorn, Jones, & Kondilis, 2017). 

The stretch reflex is another mechanism of the stretch-shortening cycle. This indicates 

that the particular muscles in any specific action have much stronger contraction values than 

when following a gathering phase, which contains the stretching of the muscles (Wilt, 1976; 

Markovic, 2014). The muscles resist overstretching. Through stimulation of the stretch 

receptors of the muscle spindle, which causes the proprioceptive nerve impulses to move to the 
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spinal cord and back to the same muscle, strong contractions take place to prevent the 

overstretching of the muscle (Duda, 2008). This is called the stretch/miotic reflex (Wilt, 1976; 

Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2017). A general example of the stretch reflex is 

the knee’s shock reaction when the doctor taps on the patella tendon with a rubber-hammer. The 

tap on the patella tendon causes the quadriceps tendon to stretch. 

The stretching is observed by the quadriceps muscle, which in turn contracts to stimuli. 

The stretch reflex gets activated when the muscle spindle activates stretching and leads to a 

powerful concentric contraction (Lundin, 1989; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 

2017). Fast stretching or high stretch loads can lead to the activation of the Golgi-tendon organs 

(GTO’s). They are stimulated in the tendons and have an inhibiting effect on the power of the 

next concentric contraction. The reflex acts as a protective mechanism for the musculoskeletal 

system through the prevention of contractions, which can lead to injury. Plyometric exercises 

can lead to the increase of the functioning of the stretch reflex, and this will lead to a decrease in 

the activation of the Golgi-tendon mechanism resulting in a more powerful stretch-shortening 

cycle (Young, 1991; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2017). 

The stretch or miotic reflex responds to the rate of the muscle stretch and this reflex is of 

the fastest in the human body, due to the direct connection between the sensory receptors in the 

muscle and the cells in the spinal cord, responsible for the contraction (Baechle & Earle, 2000; 

Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2017). Other reflexes are slower than the stretch 

reflex because they have to be carried over through different canals (interneuron) to the central 

nervous system (brain) before the reaction (Chu, 2012).  

The importance of the small delays in the stretch reflex is that the muscles contract 

faster during the stretch-shortening cycle than during any other contraction method (Blazevich, 

2009). Any action that has to be thought through before the muscle can be stretched will cause a 

delay if an athlete wants to jump or throw. Apart from the reaction time, one also has to 
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consider the intensity of the response when determining the relationship between plyometric 

exercises and sport performance. Although the reaction time of the stretch reflex remains the 

same after exercise, the power of the response in terms of the muscle contraction changes 

during exercise (Chu, 2013). The faster a muscle stretches or lengthens, the bigger the 

concentric power of the stretch. This results in a more powerful movement to overcome the 

power of the object, if the power is the body weight of the individual, or an external object, for 

example, in shot put or a blocking bag (Chu, 2012). 

According to Jacoby and Gambetta (1989) and Kotzamanidis (2014), the base of 

plyometric exercises can be summarized as follows. A muscle concentric contraction 

(shortening action) is more powerful if immediately followed by an eccentric contraction 

(lengthening) of the muscle. Body weight movements that occur at a high speed, like throwing 

and jumping, is best executed when the movement is started in the opposite direction. When this 

opposite movement is stopped, a positive acceleration power is created for the opposite 

movement. An example of that is illustrated in the golf or baseball back swing. This change in 

movement in the opposite direction activates the stretch or miotic reflex. The muscle then offers 

resistance against overstretching. The stretch receptors in the muscles create a powerful 

contraction to prevent over-stretching (Blazevich, 2009; Kotzamanidis, 2014). 

The power produced during a concentric contraction, after a series of small 

eccentricmovements, is more than twice as much as what is taken up after the execution of a big 

eccentric movement (1004 Newton versus 421 Newton) (Hennesy, 1990; Kotzamanidis, 2014). 

The bigger the eccentric contraction, the bigger the elastic tension that is lost. Therefore, while 

executing plyometric exercises, for example, the single leg hop, the subject has to limit the 

amount of knee flexion. Many athletes have a lot of power, but cannot apply this power to their 

jumps or throws. They do not have the ability to convert their power into an explosive reaction. 

The answer to this is not to increase the muscle or explosive power, but to combine them. 
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Plyometric exercises stress the eccentric aspect of the muscle contraction, to improve the 

relation between maximal and explosive power. Suppose a rubber ball represents a dead body 

that is dropped from a certain height. When the ball makes contact with the ground the shape is 

changed to store energy. As the rubber ball returns to its normal shape the stored energy is 

released and the rubber ball is sent back to more or less the same height than where it was 

dropped from (Jacoby & Gambetta., 1989).  

Kotzamanidis, (2014) and Faigenbaum, Farrell,  Radler, Zbojovsky, Chu,, Ratamess, 

Kang, & Hoffman (2015), supports the research done by Hennessy (1990) on basketball players. 

He showed that the players that did three sets of ten repetitions of depth jumps (45cm), three 

times per week for twelve weeks, showed a statistical improvement in the vertical jump with the 

assistance of their arms, compared to the control group. It appears that this improvement in the 

vertical jump was caused by a combination of jumping skills and an increase in power. 

According to Voight et al. (2012) there is not a lot of research being done on exercises 

that can improve the speed of the stretch reflex, but it is speculated that the intensity of the next 

muscle contraction can be showed through more efficient strengthening of the motor unit. There 

is proof in the literature that the faster a muscle is loaded or lengthened eccentrically, the bigger 

the concentric power being produced (Chu, 2013; Maarten 1990; Voight et al., 2012; Wilt, 

1976). Eccentric lengthening also overloads the elastic component of the muscle system and the 

tension of the resulting reaction spring power.  

The stretch reflex can increase the tension of the muscle spring by recruiting additional 

muscle fibres. This is not possible with the concentric contraction (Voight et al., 2012). The 

additional stiffness allows the muscular system to use more of the external tension in the form 

of elastic reaction (Voight et al., 2012). The question whether one can improve the stretch/ 

miotic reflex, is still not answered. Another possible mechanism for an increase in power 

production with plyometric exercises, is the inhibiting effect of the GTO’s on the power 
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production. GTO’s have a protective mechanism that limits the amount of power produced in a 

muscle as well as the stimulation request. Voight et al. (2012), Bosco (2012) and Komi (2011) 

suggested that GTO’s could become insensitive due to the stressful explosive exercises. The 

level of inhibition is increased and a larger power load is allowed in the musculoskeletal system. 

Plyometric exercises could help to improve muscular performance, centred on the 

neuromuscular coordination. The speed of the strain can be limited through the neuromuscular 

coordination. This means that the body will only move in the speed range determined by the 

nervous system, notwithstanding the power of the muscle. Exercise with an explosive pre-

stretch, improves neural effectiveness which increases the neuromuscular execution. Plyometric 

exercises can cause changes in the nervous system that enables the individual to better 

coordinate the activity of the muscle groups. More power is generated, even in absence of 

morphological adaptation in the muscle itself. The positive changes in the nervous system that 

increase the power and strength of the execution is called the neural adaptation. The nervous 

system can be enlarged to become more automatic (Voight et al., 2012). 

2.7.2  Application of muscle physiology in plyometric training 

In many sport skills eccentric (lengthening) muscle contractions are rapidly followed by 

concentric (shortening) contractions. Duda (2008) explains the application of knowledge of 

these concepts in muscle physiology in training with clear examples. Whenever a long jumper 

makes contact with the take-off board, contact stresses are absorbed by the slight flexion of the 

hip, knee, and ankle, followed by a rapid extension of the take-off foot and legs as the jumper 

leaves the board. In similar fashion, the supporting leg of a basketball player, driving in for the 

slam-dunk, takes the last step toward the basket carrying the body’s full weight on one leg, 

absorbing all the horizontal inertia of the run-up. This “loads” the leg rapidly by forcing the 

muscles to stretch, to undergo rapid eccentric contraction. Nerves firing information to the 
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muscle then cause a concentric contraction. It is important to note that the muscle response 

occurs with no conscious thought on the part of the player, but without this response the 

player’s knee would buckle and he would collapse (Duda, 2008). 

Duda (2008) compared these muscle contractions to the functioning of a spring. 

Inbasketball, the run-up puts pressure on the take-off leg, equivalent to compressing the coils of 

the spring. The stored energy is released as the athlete leaves the floor. Kessel (2012) stated that 

the further and the quicker the “spring can be compressed”, the more force potential energy it 

stores and the greater the power it produces upon uncoiling. Kessel (2012), however, points out 

that this process places a great deal of stress on both joints and connective tissue, and that 

plyometric training, therefore, requires the athlete to possess adequate strength to absorb these 

forces in order to prevent injury. A voluntary response to muscle stretch would always be 

meaningless to an athlete during jump, run, or throw movements (Chu, 2012). Apart from the 

response time, the strength of response should also be considered when determining the 

relationship between plyometric and sport performance. Although the stretch reflex response 

time remains much the same, even after training, training modifies the response strength in 

muscle contraction terms. 

2.7.3  Elastic energy storing 

The basic principle of elastic energy storing in muscles is also applicable to the training 

process. Elastic energy is stored in tendons and muscles, but is independent of the level of 

muscle activity during the stretch phase. The greater the tension in the stretching muscles, the 

greater the amount of elastic energy that is stored. The muscle has to avoid the stretch phase to 

try and save elastic energy to the maximum (Wilson et al., 2013). Research shows that if the 

speed of the stretch phase increases from slow to relatively high speed, the storage of elastic 
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energy will increase. This occurs when speed increases or stretch power increases the muscle’s 

and tendon’s ability to store more energy (Wilson et al., 2013). 

2.7.4  Energy repair 

The recovery of elastic energy depends to a great extent on the time between the stretch 

shortening phases. Research showed that the use of elastic energy decreases, when there is a 

delay during the stretch-shortening cycle, because elastic energy gets released as heat during the 

delay. The longer the delay, the greater the loss of elastic energy (Wilson et al., 2013). 

Therefore, the stretch-shortening cycle of movements has to be executed with minimal delay 

between the stretch-shortening phases. The recovery of the stored energyseems to occur 

relatively quickly during the shortening phase. Adams (2012), Faigenbaum, Farrell, Radler, 

Zbojovsky, Chu, Ratamess, Kang, & Hoffman (2015), Chu (2013) and Gambetta (2010) 

showed that a highly professional athlete only has a few seconds of ground contact. The athlete 

knows that energy gets stored during the eccentric phase of muscle contraction, and that this 

stored energy is partly responsible for the recovery during the concentric contraction. The 

eccentric concentric contractions follow each other rapidly. Good jumpers have only 0,125 

seconds of ground contact.  

2.7.5  Plyometric and Sport Performance 

A considerable amount of research has been undertaken to show the positive effects of 

plyometric on sports performance. Brown et al. (1986) and Faigenbaum, Farrell, Radler, 

Zbojovsky, Chu,  Ratamess, Kang, & Hoffman (2015),  examined the effect of plyometric 

training on the vertical jump capability of male high school basketball players (N=26). These 

players were randomly assigned to an experimental training group (the plyometric group) and a 

control group. The experimental training group performed three sets of ten depth jumps, three 

days per week for twelve weeks, whilst the control group only performed regular basketball 



53 

 

training. Results showed that the plyometric group showed significantly (p<0.05) in the vertical 

jump with arm assistance compared to the control group. Neither group differed significantly 

(p>0.05) in the vertical jump without arm assistance. In the plyometric group, 57% of the 

vertical jump gain was due to jumping skill improvement, and 43% was due to strength gain. 

Plyometric training appeared to enhance arm coordination in addition to leg strength 

development and could, therefore, be regarded as a suitable in-season training method (Brown 

et al., 1986).  

In a recent South African study by Kemp (2012) three different training 

programmes,including a gymnasium programme, a plyometric and a combined gymnasium and 

plyometric programme, was implemented in order to see which of these programmes would 

have a positive effect on certain elements, relevant to netball players. These elements include 

speed, agility, suppleness, explosive power and strength. The results of this study showed that 

the combined programme would have a positive effect on the bio motor abilities of the netball 

players. Matavulji et al. (2001) looked into the effect of plyometric training on the jumping 

performance of junior basketball players. Although the plyometric training has showed its 

efficiency, it remains generally unknown whether a limited amount of plyometric training could 

improve movements in subjects who already demonstrate a high level of performance. While 

the control group participated only in regular midseason training activity, the other two groups 

performed a limited amount of plyometric training, employing drop jumps from the height of 

either 50 cm, or 100 cm. 

The heights of the maximal vertical jump, as well as the maximal voluntary force and 

the rate of force development of the hip and knee extensors were tested prior to as well as after 

the training. An increase in the maximal vertical jump, as well as maximal voluntary force of 

the hip extensors and rate of force development of the knee extensors was observed in both 

experimental groups, while no significant changes were recorded in the control group. Matavulji 
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et al. (2001) concluded that a limited amount of plyometric training could improve jumping 

performance in elite junior basketball players and that the improvement could be partly related 

to an increase in the force of the hip extensors and rate of force development of the knee 

extensors. The results obtained generally support the concept that plyometric training, 

employing drop jumps, could be a powerful tool to improve jumping performance even in high 

level athletes (Matavulji et al., 2001).  

Diallo et al. (2001) investigated the effectiveness of plyometric training and 

maintenance training regarding physical performance of prepubescent soccer players. They 

maintained that stretch-shortening cycle exercises (plyometric exercises) were often used to 

improve leg muscle power and vertical jump performance in adults but limited information is 

available regarding the effect of such exercises on children. The study group consisted of 20 

boys, aged 12-13 years, in the control group and 10 in the experimental group. The 

experimental group trained three days a week for 10 weeks. They performed various plyometric 

exercises, including jumping, hurdling and skipping. Their later, reduced training period lasted 

for eight weeks, during which all the subjects continued to undertake “normal” soccer training. 

At the end of this period maximal power was calculated, using a force-velocity cycling test. 

Jumping power was assessed, using the following tests: counter movement jump, squat jump, 

drop jump, multiple five bounds, and then a repeated rebound jump for 15 seconds. Running 

distances covered 20, 30 and 40m runs. Body fat percentage and lean leg volume were 

estimated by means of anthropometric tests. All baseline anthropometric characteristics were 

similar in both groups prior to the commencement of training, except for body fat percentage.  

After the training programme, maximal cycling power (p<0.01), counter movement 

jump (p<0.01), squat jump (p<0.01), multiple five bounds (p<0.01), repeated rebound jump 

(p<0.01) and running velocities 20m (p<0.05) performances had increased in the experimental 

group. After the eight weeks of reduced training, with the exception of maximal cycling power 
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(p<0.05) for the control group, no changes were observed in either of the two groups. It was 

thus concluded that short-term plyometric training programmes increase athletic performance in 

prepubescent boys. Furthermore, it was demonstrated that these improvements were maintained 

even after a period of reduced training (Diallo et al., 2001; Faigenbaum, Farrell, Radler, 

Zbojovsky, Chu, Ratamess, Kang, & Hoffman, 2015). 

A study by Schultz, Perrin, Gansneder, Granata, Adams and Arnold (2001), and Diallo, 

Dore, Duche, & Van Praagh, (2014), determined whether static measures influence muscular 

response times and activation patterns following lower extremity perturbation in a functional, 

single leg weight-bearing stance. These findings suggest that limb alignment may influence 

neuromuscular timing and activation patterns, although this work was done on a limited number 

of subjects. No attempt to allow for gender balance between the test groups or any influences of 

other lower extremity misalignments may confound their results obtained. In a study by Diallo, 

Dore, Duche, & Van Praagh, (2014), active muscle stiffness of both quadriceps and hamstrings 

were examined in male and female subjects. They found that gender differences exist in active 

muscle stiffness, as yet, but mechanisms to explain these differences remain unknown. During 

functional tasks, it was shown that stiffness recruitment strategies may be utilized to influence 

neuromuscular and biomechanical factors to compensate for reduced effective muscle stiffness 

(Granata et al., 2001). Faigenbaum, Farrell, Radler, Zbojovsky, Chu, Ratamess, Kang, 

&Hoffman (2015), evaluated impact forces, joint kinematics and muscle strength variables in 

female basketball, soccer, and volleyball players when compared to matched male athletes. 

Their conclusions were that there was a difference between the two genders pertaining to both 

biomechanical and neuromuscular variables during landing activities. Male athletes had a 

greater amount of knee flexion when subjected to impact. The larger flexion displacement 

served to attenuate impact forces and reduce imposed loads on the knee joint. Absence of this 

controlled knee flexion in females may relate to weaker quadriceps and hamstrings, leading to 
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stiffening of the knee joint. They also believe that these factors influence anterior cruciate 

ligament injuries in the female athlete. 

According to Heiderscheit, McLean and Davies (2013) numerous studies have been 

performed to establish the effectiveness of plyometric training for increasing lower extremities 

power, but that the efficacy of plyometric training for the upper extremity had not been 

documented. They compared the effects of plyometric and isokinetic concentric/eccentric 

training on the shoulder internal rotators. In this particular study 78 female subjects were 

randomly assigned to three groups: control, isokinetic training and plyometric training. Pre-

testing and post-testing measurements included concentric/eccentric isokinetic power 

measurements of the shoulder internal rotators at 60º/second, 180º/second, and 240º/second, 

kinesthetic measurements of shoulder internal rotation, external rotation <45º and external 

rotation >45º, and a softball distance test. Both groups trained twice a week for eight weeks. It 

was found that isokinetic training of the shoulder internal rotators increased isokinetic power, 

but plyometric training was not as effective in increasing power output. Neither isokinetic nor 

plyometric training resulted in a functional improvement with the softball throw. This study 

demonstrated that the isolated increase of shoulder internal rotation power did not produce an 

increase in functional throwing performance (Heiderscheit et al., 2013). Research has also been 

undertaken to compare different types of training to enhance performance. Wilson et al. (2013) 

conducted a study to gain greater insight into the adaptations invoked by plyometric and weight 

training. Forty-one (41) previously-trained males were randomly allocated to either a control, 

plyometric or weight-training group. The experimental groups trained for eight weeks, 

performing either heavy lifts or dynamic plyometric exercises. Vertical jump, a series of iso-

inertial concentric and eccentric tests, push-up tests and maximal bench press and squats lifts 

were performed prior to and after the completion of the training period. Plyometric training, 

which included depth jumps, significantly enhanced rapid eccentric force production. The 
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weight training dominantly facilitated concentric muscular function. These specific training 

adaptations would appear to be a direct result of the nature of stresses imposed during the 

training, with plyometric training involving the rapid development of eccentric force and weight 

training being limited by the concentric force potential of the musculature (Wilson et al., 2013). 

In a rather unique study, McLaughlin (2001) investigated the effects of a plyometric 

training programme and a traditional weight-training programme on the onset rate of fatigue in 

the vertical jump in women. It was claimed that fatigue rates had never been isolated for the 

purpose of study. Twenty-five (25) untrained college women, ranging in the age group from 18 

to 35, were randomly divided into three groups: a plyometric group, a traditional weight-

training group, and the untrained control group. For the purpose of the study, the traditional 

weight-training group had to perform three sets of ten repetitions at 70% of the subject’s one 

repetition maximum (1RM). Training took place over a 10-week period for both the plyometric 

and weight-training groups, after which the plyometric group prolonged their fatigue onset by 

3.85 seconds, compared to their pre-test data. The traditional weight-trained group fatigued 0.55 

seconds faster after training, compared to their pre-test data. These results showed significant 

differences between the groups in their fatigue onset rates (p < 0,05), producing the conclusion 

that a plyometric training programme prolongs the fatigue onset rate in vertical jump in women, 

when compared to the effects of a traditional weight-training approach. In the research of 

Hunter and Marshall (2012) different training methods were used to improve jumping 

techniques. The power training was designed to increase vertical jump height, with maximum 

height as the only goal. With power training the following changes were found in the drop 

jump: a decrease in eccentric lower limb stiffness, and an increase in the magnitude of counter 

movements and ground contact time. Flexibility training appeared to hold no benefits for drop 

jump height and had no significant effect on drop jump technique. Power training was 
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associated with the following changes in the counter-movement technique: an increase in 

eccentric lower limb stiffness and the magnitude of counter movement. 

Diallo, Dore, Duche, & Van Praagh, (2014), examined the effects of a plyometric 

training programme on freestyle tumble turns. Forty (40) age-group swimmers were assigned to 

a control group, which swam 1.5 hours, three times per week for twenty weeks, or an 

experimental group, which supplemented 1.25 hours of swimming with 15 minutes of 

plyometric for the same time frame. The same coach conducted all swimming and plyometric 

sessions to ensure uniformity. Swimming performance was assessed from 50m time. Freestyle 

turning performance was measured by 2.5 m round trip time (RTT), 5 m RTT, wall contact time 

and selected kinematic and kinetic variables associated with the turn. A plypower system was 

also used to test jump height and velocity. No significant differences between the groups (pre-, 

mid- and post-intervention) were found over the period of the study, for any swimming, kinetic 

or plypower measures. It is concluded that equal benefits were derived from normal practice 

time in water or land-based plyometric exercises. Some research is aimed at gender differences 

in the biomechanics of the human body to explain injuries or to enhance performance in certain 

plyometric exercises or movements. In a study by Shapiro, Yates, McClay and Ireland (2001) it 

was found that differences do exist between male and female knee deceleration, although these 

differences did not appear sufficient to explain the different rate of injury. Using the two-leg 

landing, females exhibited significantly greater hip flexion while males tended towards greater 

dorsiflexion and eversion. This suggested that, at landing, the males were executing different 

strategies for stability on landing. It was suggested that the actions of the two joint muscles, 

which act on the knee and hip, might have an important impact on what ultimate stresses that 

occur at the knee (Shapiro et al., 2001). 

Byrne and Eston (2012) assessed the effect of exercise-induced muscle damage on the 

knee extensor muscle strength during isometric, concentric and eccentric actions and vertical 
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jump performance while subjects were doing the squat-jump, counter-movement jump and drop 

jump. Eight subjects participated in this study; five males and three females. Strength loss of the 

exercise-induced muscle damage was independent of the muscle action being performed. 

However, the impairment of muscle function was attenuated when the stretch-shortening cycle 

was used in the vertical jump performance. The stretch-shortening cycle possibly attenuates the 

detrimental performance associated with exercise induced muscle damage. In the research of 

Hunter and Marshall (2012) different training methods were used to improve jumping 

techniques. The power training was designed to increase vertical jump height, with maximum 

height as the only goal. With power training the following changes in drop jump was found: a 

decrease in eccentric lower limb stiffness, and an increase in the magnitude of counter 

movement and ground contact time. Flexibility training appeared to offer no benefits to drop 

jump height and had no significant effect on the drop jump technique. Power training was 

associated with the following changes in counter-movement jump technique: an increase in 

eccentric lower limb stiffness and the magnitude of counter movement. 

Lloyd (2001) as well as Hewett and Stroupe (2013) are of the opinion that plyometric 

training may affect knee stabilization in order to prevent serious knee injuries. The study by 

Lloyd (2001) is of considerable importance, presenting the rationale for specific training 

programmes to reduce the incidence of knee injuries in football players. It was revealed that the 

external knee loading patterns during sidestep cutting, put the anterior cruciate ligament at 

greatest risk for injury. Lloyd examined the effects of different types of training on the control 

of joint stability. It is proposed that resistance training may not be appropriate because it 

enhances muscle stretch reflexes, which may reduce contraction, and produce no reductions in 

voluntary activation times and times to peak torque. Stability and balance training as well as 

plyometric training produce reductions in voluntary activation times and times to peak torque, 



60 

 

which may decrease muscle response times for players to perform rapid and unexpected sports 

maneuvers.  

Hewett and Stroupe (2013) tested the effect of a plyometric training programme on 

landing mechanics and lower extremity strength in female athletes involved in jumping sports. 

The parameters were also compared with those of male athletes before and after training. The 

programme was designed to decrease landing forces by teaching neuromuscular control of 

lower limb during landing and to increase vertical jump height. After training, peak landing 

forces from a volleyball block jump decreased by 22% and knee adduction and abduction 

movements (medially and laterally directed torques) decreased by approximately 50%. Female 

athletes demonstrated lower landing forces than male athletes and lower adduction and 

abduction movements after training. External knee extension movements (hamstring muscle 

dominant) of male athletes were three times higher than those of female athletes. Hamstring-to-

quadriceps muscle peak torque ratios increased by 26% on the non-dominant side and by 13% 

on the dominant side, correcting side-to-side imbalances. Hamstring muscle power increased by 

44% on the dominant side and by 21% on the non-dominant side with training. Peak torque 

ratios of male athletes were significantly greater than those of untrained female athletes, but 

similar to those of trained females. Mean vertical jump height increased by approximately 10%. 

Hewett and Stroupe (2013) conclude that plyometric training may have a significant effect on 

knee stabilization and prevention of serious knee injury among female athletes. 

Other research focused on methods of analyzing techniques to measure performance in 

popular plyometric training exercises or to improve the types of plyometric exercises in order to 

make them safer. Baca (1999) looked into the different techniques applied to determine 

parameter values quantifying drop jumps, such as jump height or the duration phase of 

downward and upward movements of the centre of mass during foot contact after dropping. 

Baca’s study was focused on determining which technique yielded the lowest errors compared 
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to the results obtained by the reference method, double force plate technique. In the 

investigation, two force plates were employed with one located under the drop platform. Flight-

time methods were used to calculate the jump height, this being the time between leaving the 

ground to landing. In video-based methods, markers were placed on the subjects’ skin to define 

the positions of individual body segments. Twenty-five (25) drop jumps were analyzed, by 

means of eight different methods. Large differences between the reference method and other 

methods were found. Using the height of the drop platform (0,39 m) to calculate the terminal 

velocity of the free fall, plus data from one force plate, resulted in a mean difference of 4,2% 

(SD: 9,6%) in calculated jump heights. Using video information to measure the time taken for 

the mass-centre velocity to reach zero after the drop phase, when combined with data from one 

force plate, resulted in calculated differences in the jump height from as high as 17%.  

Differences between the reference method and video-based methods were comparatively 

small, although not negligible. It was concluded that video-based methods were the most 

promising alternative for the reference method to determine accurate variables in the drop jump 

performance. Fowler and Lees (1990) conducted a study to compare the kinematic 

characteristics of drop jump and pendulum exercises. One of the most commonly used methods 

of plyometric training is the drop jump, in which a subject drops from a raised platform and 

immediately upon landing, initiates a rebounded vertical jump. Plyometric exercises are 

effective for improving strength and vertical jump performance. However, drop jumps also 

carry a high risk of injury due to the large ground reaction force. One training device that has 

been widely used in Eastern Europe as an alternative to the drop jump is the pendulum swing 

(Davies, Murphy, Whitty, &Watsford, 2013). 

It was found that pendulum exercises involved a greater range of motion at the ankle and 

knee, but less motion at the hip joint than drop jumps. Although different in absolute terms, 

pendulum exercises used a stimulus similar to that of drop jumps. The similarity between the 
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movement patterns for the two modes of exercise led to the conclusion that the pendulum 

exercises offer a training stimulus similar to that of drop jumps. The development of effective 

methods to develop explosive strength and reactive ability logically begins with an analysis of 

the speed-strength methods traditionally used for this purpose. Athletes used to do heavy barbell 

squats to develop explosive strength in the legs, and found that they only place a large and 

generally unnecessary load on the spine with the heavy weights. Athletes started training with 

lighter weights to improve their speed-strength. They found that fast exercises with light 

weights improved speed. The most common exercise used to improve speed-strength, was squat 

thrusts. Explosive strength is a motor quality requiring specific movements and training means. 

It has been found that barbell squats, as a strength-training exercise, did not adequately enhance 

specific components of explosive movements such as the rapid excitation of the muscles and the 

rapid changing from eccentric to concentric work (Siff & Verkhoshansky, 2010). 

In a study by Humphries, Newton and Wilson (2012) 20 subjects performed a series of 

loaded jumps for maximal height, with and without a breaking mechanism designed to reduce 

impact force during landing, called the Plyometric Power System (PPS). Plyometric training 

involves the union between strength and speed, using muscular contractions that are 

characterized by explosive stretch-shortening cycle (SSC) movements. This type of training, 

involving dynamic SSC movements, has become a popular training modality for many athletes, 

as it enables the development of high force production over a short period of time. This is 

achieved by utilizing exercises such as depth jumps, exaggerated hops, bounds and box drills. 

This training regime offers several advantages over the more traditional forms of resistance 

training such as weightlifting. Plyometric movements are more explosively performed, enabling 

the athlete to rapidly develop force and mimic the actual athletic performance by means of 

dynamic SSC movements. Despite the advantages of plyometric training, over other recognized 

training modalities, a problem did arise regarding repetitive impact loading or excessively high 
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eccentric impact forces. As a consequence of performing plyometric exercises, such as depth 

jumps, impact forces placed on the musculoskeletal system during landings can lead to potential 

injury. 

Humphries et al., (2012) found that the PPS significantly reduced ground impact forces 

without impeding concentric force production. The reduction of eccentric loading, using the 

breaking mechanism, may reduce the incidence of injury associated with landings from high 

intensity plyometric exercises. With regards to the research described above, it is clear that 

plyometric training, when combined with other methods of training, mostly enhances 

performance, especially in sports types where strength in the lower extremities play an 

important role. Many sports types, such as basketball, netball and soccer seem to have benefited 

from this research. It is, however, important to note that no research pertaining to the effect of 

plyometric on rugby performance could be found, though it seems such an obvious sport to 

benefit from plyometric exercises. 

2.7.8  PROGRESSION OF PLYOMETRIC TRAINING 

Well-defined progression will help to prevent the risk of injury when doing plyometric 

exercises. It is very important to ensure that the athlete knows step-by-step how to execute the 

specific exercise. The key to success is quality and not quantity. In the beginning double foot 

jumps are better than single foot jumps. You can include advanced levels in every step for the 

athlete to execute the exercise according to his specific training level. As the athlete’s training 

level improves, the movement levels will progress. Right through the different training phases 

emphasis should be put on coordination, fluent movement patterns and correct execution 

(Gambetta, 2010).  

During the phase of the experiment design, Chu’s warning about variability, produced 

by small group size and other side factors was fully accounted for. To overcome these potential 
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problems two groups, comprising equally trained athletes were selected. At the beginning of the 

investigation, both groups were equally fit, experienced, and skillful and both continued to 

undertake similar rugby training. One group (the control group) did only their usual rugby 

training; the other group (experimental group) undertook additional plyometric training. By this 

route, it was expected that the true developments, due to plyometric, could be unimpeded by 

extraneous factors.  

2.7.9 Safety Precautions of Plyometric Training 

• Plyometric training is not without any risks of injury. When performed properly it can be a 

safe and effective workout. A number of precautions is, however, very important before one 

explores this type of training: 

• A good level of conditioning before beginning plyometric exercises is essential. Endurance 

conditioning is an absolute must, since fatigue during plyometric training can lead to an injury. 

Strength conditioning (through weight training) is important since it may help to reduce injuries 

to the muscles, tendons and ligaments. 

• Overtraining should be avoided. Plyometric work should be performed for quality, not 

quantity. The correct execution of plyometric exercises is really important and not the amount 

or distance that you do. It is quite a common phenomenon for humans to compete, compare and 

to try to improve themselves the whole time. Therefore, it is important to focus on the execution 

of the exercises rather than the quantity. 

• Adequate rest is very important. Allow one to three minutes rest between sets, at least 48 

hours between workouts. 

• Progression should be planned to ensure improvement over a period of time and to prevent 

injuries and overtraining. Start with simple exercises and slowly progress to more advanced 
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exercises. For example, the participant should start with two-legged hops before progressing to 

one-legged hops. 

• A resilient surface is important for plyometric training. Plyometric training should be done on 

grass or a firm mat. 

• Proper clothing should be worn during plyometric training. Proper athletic shoes should be 

worn to prevent impact injuries. Normal T-shirts and sport shorts are adequate for plyometric 

training (Davies, Murphy, Whitty, &Watsford, 2013).   

2.7.10  Programme development 

Voight et al. (2012) refer to researchers that subdivided an athlete’s training session in a 

preparation period, competition period and the first and second carrying-over period. To prevent 

injury plyometric training sessions, have to be well planned and incorporated into an athlete’s 

training schedule. Long-term goals are very important to prevent over training whilst still 

developing maximum power. The goals are influenced by factors like adaptation of 

periodization, an increased training load and the adaptation of the programme setting. 

Plyometric exercises can be defined as the quick eccentric loading (taxing) of the muscle 

skeletal complex (Mackenzie, 2012). Plyometric exercises have to condition the neuromuscular 

skeletal system to be able to handle the increasing power load. Overexertion of the stretch reflex 

improves the ability of the nervous system to respond maximally through lengthening of the 

muscles. In that way the ability of the muscles to shorten concentrically with maximal power is 

showed. Since plyometric training leads to the adaptation of the neuromuscular skeletal system, 

the exercises have to be developed in a sport-specific manner (Voight et al., 2012). This will 

prepare the body to handle the expected tension. It is very important that the athlete had 

followed a power training programme, before a plyometric training programme is be 

incorporated (Santos, 2014). According to Yessis (1991), and as recommended by Atkins,  Best, 
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Briss, Eccles, Falck-Ytter, Flottorp, Guyatt, Harbour, Haugh, Henry, Hill, Jaeschke, Leng, 

Liberati, Magrini, Mason, Middleton,  Mrukowicz, O’Connell, Oxman, PhillipsSchunemann, 

Edejer, Varonen, Vist, Williams, Jr, &  Zaza  (2010),  coaches have to keep the following 

factors in mind before including plyometric exercises into a programme with power and other 

types of exercises: 

• The athlete will always start the session with speed, agility and technique work. 

• Power training needs to be done second followed by exercises that improves endurance. 

• If plyometric training is planned for a specific day, it has to be done before power exercises. 

It is very important not to do plyometric exercises and technique work afterwards. 

Plyometric exercises can be done in the same session as power exercises, if the amount is 

minimal, and if it is used as a final warm-up before power exercises. According to Chu et al, 

(2006), one should do basic plyometric training in the pre-season, intense plyometric training in 

the pre-competition phase and maintenance of average plyometric training during the 

competition phase. No plyometric training is recommended in the post-competition phase and 

minimal plyometric training is recommended during the off-season. To prevent the risk of 

potential injuries, an athlete has to undergo some testing. Medical history, structural evaluation 

and functional testing is of great importance (Mackenzie, 2012). 

2.8 Summary 

Based on the various literature reviewed by the researcher, plyometric training had significant 

effect on skill related component of fitness (speed, flexibility, agility, muscular strength and 

power) among male adolescent, and this type of exercise was found to be effective in promoting 

cardiorespiratory performance and endurance of athletes.  
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More so, from the literature reviewed, plyometric training can also be used by coaches, physical 

Educators and trainers to train male adolescent to improve skill related components qualities in 

sport competitions. 

The literature reviewed showed a positive relationship between plyometric training and skill 

related component of fitness among male adolescent. The improvement in skill related 

component of fitness following plyometric training could be due to the ability to use and store 

elastic energy. The faster the execution of the plyometric activity, the more elastic energy gets 

stored when the muscles and tendons are stretched to produce more power. In this way the delay 

between the stretch-shortening cycles is minimal causing maximum energy storage. 

The positive role of plyometric training in improving skill related component of fitness 

in healthy male adolescent proved that plyometric exercise can be considered as an important 

component of fitness for male adolescents.  
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.0  Introduction 

The purpose of this study was to assess the effects of plyometric training on selected skill-

related components of fitness among adolescent boys in Lokoja Metropolis, Nigeria.  This 

chapter focused on the procedures used by the researcher.  

3.1 Research Design 

 In this study, a Pre-test – Post-test experimental research design was adopted for the 

study. The main strength of this research is the initial randomization which ensures that the two 

groups are equally treated (AAPHERD, 2014). Pre-test and post-test measurement of agility, 

power and speed of the group will be administered before the commencement of training and 

immediately at the end of the training duration. The average difference between pre-test and 

post-test were used to determine the effectiveness of the plyometric training on agility, power 

and speed at the end of 12 weeks of the study (Vossen, 2014). 

3.2  Population of the Study 

The population of the study consisted of 1,497 junior secondary school male students 

between ages of 12- 17 years in Lokoja, Nigeria (Kogi State Education Board, 2017). 

3.3 Sample and Sampling Techniques 

The sample size of this study was 50. The participants were drawn from the population 

(1,497) of junior secondary school male students between ages of 12- 17 years in Lokoja. To 

obtain the sample size from the population, the researcher employed the sample size procedure 

proposed by Sambo (2008) who suggested that in a finite population, the sample size can be 

derived using 5% of the population where confidence level is 95%.  
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3.4 Instrumentation 

 The following facilities, instruments/equipment were used in this study for data 

collection; 

i. Stadiometer: The Holtain stadiometer, made of two metal planes set at right angle 

with an adjustable pointed arrow head, model NJ07072, manufactured by Pfister 

import-export Inc. USA was used to measure the height of subjects in meters, while 

standing bare-footed against the instrument (Ross &Marful-Jones, 2013). 

ii. 400m athletic track: was used to train the subjects in sprint test in an open ground 

for different training session.  

iii. Tape measure (30 meter): was used to measure distance.  

iv. Weighing Scale: A portable weighing scale known as Hanson scale, model 

BIDOIA, made in Ireland, was used to measure the subjects weight (in kg), while 

lightly dressed without wearing shoes or ornaments (AAHPERD; 1990) 

v. Stop Watches: Five (5) professional digital sports timers made in china was used to 

time the duration of subjects workouts to the nearest seconds on each training day, 

performances in the speed, sit-ups and shuttle run for agility (Sharkey; 1995). 

vi. Step Test Box:  the step box was used for preparation of subject flexibility on lower 

part of the body, and cardiorespiratory endurance before the commencement of the 

training session.   

3.5  Plyometric Training Protocol 

12 -weeks of plyometric training program was adopted for this study and had been used in 

previous studies (ACSM, 2012; Rumpf, Cronin, Pinder, Oliver & Hughes, 2012). When 
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developing the protocol, Piper and Erdmann (2011) and Miller et al. (2001) recommended a 

gradual approach to aquatic plyometric training.  

The training program was commence from low volume plyometric drills and 

progressively increased in volume and intensity until the completion of the study. 

3.6 Training Protocol 

 Side to side ankle hop 

The athlete uses both feet, jump from side to side, the jump should cover a span of 2 to 3 feet 

(61-91 cm) produce the motion from the ankles. This keep the feet apart and land on both feet at 

the same time. 

 

 Standing jump and reach 

The athletes were squat slightly and explode upward, reaching for a target or object do not step 

by jump example jumping to make a basket in basketball. 

 Front cone hop 

The athletes keep the feet shoulder – width apart, jump over each barrier, landing on both feet at 

the same time. Use a double- arm swing and work to decrease the time spent on the ground 

between each barrier. 

 Lateral Jump Over Barriers 

The athletes jump sideways down the row of cones, landing on both feet. In clearing the last 

cone, land on the outside foot and push off to change direction, then jump two footed back 

down the row of cones sideways. At the last cone push off again on the outside foot and change 

direction keep movement smooth and even, try not to pause when changing direction. 
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 Lateral cone hop 

This training protocol, the athlete jumps vertically but pushing sideways off the ground bringing 

the knees up to jump sideways over the barrier example it is applicable in hurdle races. 

 Depth jump to prescribe height 

The athlete steps off the box, landing on to the second box, landing lightly, the jump from the 

ground should be as quick as possible. 

 Double leg hops 

The athlete squat down and jump up as far forward as possible. Immediately after touching 

down, jump forward again. Use quick double arm swings and keep landing short. Do in multiple 

of three to five jumps. 

  

Week 1 

The Plyometric drills to be includes side to side ankle hop, stand jump and reach, and front cone 

hops. The training volume of 90% was maintained, 45% to heart rate maximum and rate of 

perceived exertion (RPE) of 10-11 were maintained, Set of repetition were 2x15, 2x15, 6x5, 5 

minute resting period were observed and the training intensity will be maintained at low level 

although. 

Week 2 

The Plyometric drills includes side to side ankle hop, stand jump and reach, Lateral jump over 

barrier, double leg hops. The training volume 120% were maintained, with 45% heart rate 

maximum (HRmax) and Rate of perceived exertion (REP) of 10-11 will still be maintained, set 

of repetition were 2x15, 2x15, 6x5 and 10x3 5 minutes resting period were absences and the 

training intensity were maintained at low and medium level respectively. 
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Week 3/4 

The Plyometric drills to be performed includes side to side ankle hop, standing long jump, 

Double leg hops, lateral cone hop, single leg bounding, lateral jump over barrier and tuck jump 

with knees. The training volume of 120% - 140% were maintained, with heart Rate maximum 

of 55% and Rate of perceived exertion of 12-14 will be maintained, set of repetition were 1x12, 

6x4, 3x10, 8x4, and 8x3 resting period of 5miuntes were observed and the training intensity 

were maintained at low, medium and high level.       

Week5/6  

The Plyometric drills to be performed includes single leg bounding,  Jump to box, depth jump to 

prescribed height,  lateral  cone hops, tuck jump with knees up, literal jump single leg.  The 

training volume of 140, and 120 with heart rate maximum of 65% and rate of perceived exertion 

(RPE) 14-15 were maintained. Set of   repetition were 2x6, 2x10, 3x10, 2x12, 6x3, 4x5, resting 

period of 10 minutes i.e 5+5 =10 were observed. The training intensity will be maintained at 

low , medium, and high, level respectively.  

Week7/8 

The Plyometric drills to be performed includes Jump to box, depth jump to prescribed height, 

double  leg hops, lateral cone hop, truck jump with knees up, and lateral jump single leg. The 

training volume of 120, and 90 were maintained of 75% and the rate of perceived exertion 

(RPE) of 15-20 were maintained. Set of repetition will be 3x10, 2x12, 4x5, 6x3, 6x5, 2x15. 

Resting period of 10minutes i.e. 5+5=10 were observed, the training intensity were maintained 

at low, medium high, medium. 
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Week9/10 

The Plyometric drills to be performed includes  jump to box, double leg hops, lateral cone hops, 

tuck  jump with knees up, depth jump to prescribed height. The training volume of 90 and 120 

will be maintained with heart rate maximum of 85% and the rate of perceived exertion (RPE) of 

20 and 25 will be maintained set of repetition were 2x15, 4x5, 6x5 3x10, 2x10, 4x5. Resting 

period of 10 minutes, i.e 5+5 =10 will be observed. The training intensity were maintained at 

low, medium high, high.  

Week 11/12 

The Plyometric drills to be performed includes depth jump to prescribed height, double leg hops 

lateral cone hops, lateral jump single leg, jump to box. The training volume of 120-90 were 

maintained with heart rate maximum (HR max) 95% and the Rate of perceived of exertion 

(RPE) 25 and 30 were maintained set of repetition were 3x10, 2x15, 6x5 4x5. Resting period of 

10 minutes i.e 5+5 =10 will be observed. The training intensity were maintained at low, medium 

High, High.   
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Plyometric Training Schedules as recommended by Rumpf, Cronin, Pinder, Oliver & 
Hughes (2012). 

Training 
week  

Training 
volume  

Training 
Intensity 

Plyometric Drills  Sets x 
Repetitions  

Resting 
Period 

Training 
Intensity 

Week 1 90 45%  HRmax 
(RPE 10-11) 

 
45%-50% 

Side to side ankle hop 
Standing jump and Reach  
Front Cone hops  

2x15  
2x 15 
6x5 

5min Low  
Low  
Low  

Week 2 120 Side to side ankle hop 
Standing jump and Reach  
Lateral Jump Over barrier  
Double leg hops 

2x15 
2x15  
6x5  
10 x3 

5min Low 
Low  
Medium  
Medium  

Week 3 120  55%  HRmax 

(RPE 12-14) 
 
50%-55% 

Side to side ankle hop 
Standing long Jump 
Double leg hops 
Lateral cone hop 

2x12 
6x4 
8x3 
2x12 

5min Low  
Low  
Medium  
Medium 

Week 4 140  Single leg bounding  
Standing long jump 
Lateral jump over barrier 
Lateral cone hops  
Tuck jump with knees up 

2x12 
2x12 
3x10 
8x4 
3x10 

5min High  
Low 
Medium  
Medium  
High   

Week 5 140  65% HRmax 
(RPE 14-15)  
 
 
55%-60% 

Single leg bounding 
Jump to box  
Double leg hops  
Lateral cone hops 
Tuck jump with knees up 
Lateral jump over barrier 

4x6 
2x10 
2x10 
6x3 
2x12 
6x5 

5min low 
Low  
Medium 
medium 

Week 6 120 Jump to box 
Depth jump to prescribed height  
Double leg hops 
Lateral cone hops 
Tuck jump with knees up 
Lateral jump single leg  

3x10 
2x10 
4x5 
6x3 
2x10 
4x5 
2x10 

5min Medium  
Medium  
Medium  
High  
High  
High  
 

Week 7  120  75% HRmax 
(RPE 15-20 
 
60%-65% 

Jump to box 
Depth jump to prescribed height  
Double leg hops 
Lateral cone hops 
Tuck jump with knees up 
Lateral jump single leg  

3x10 
2x12 
4x5 
6x3 
6x5 
2x10 
2x12 

5min Low  
High  
Low  
High  
High  
Low  
Low  

Week 8 90 Jump to box 
Depth jump to prescribed height  
Double leg hops 
Lateral cone hops 
Tuck jump with knees up 
Lateral jump single leg  

2x15 
2x15  
2x 15 
6x5 
3x10 
2x10 
4x5 

5min High  
High  
Medium 
Medium 
High  
High  
High  

Week 9 90 85% HRmax      
RPE 20 – 25      
70 – 75% 

Jump to box 
Depth jump to prescribed height  
Double leg hops 
Lateral cone hops 
Tuck jump with knees up 
Lateral jump single leg  

2x15 
2x15  
2x 15 
6x5 
3x10 
2x10 
4x5 

5 min High  
High  
Medium 
Medium 
High  
High  
High 
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3.7 Administration of Test 

Height  

Height was measured using a wall-mounted stadiometer (Butterfly, Shanghai, China) 

recorded to the nearest 0.5 centimeter. Body mass was measured to the nearest 0.1 kg using a 

digital scale (BC-554 Ironman Body Composition Monitor, Tanita, Illinois, USA). The body 

mass index (BMI) was determined by dividing body mass by the square height of the subject 

(kg/m2). The subjects were carefully familiarized with the test procedures during several 

submaximal and maximal actions a few days before the performance measurements were taken 

(four learning sessions during two weeks).  

The subjects were complete several explosive type actions to become familiar with the 

exercises used during training. In addition, several warm-up muscle actions were performed 

prior to the actual maximal and explosive test actions. All tests were carried out before and after 

7 weeks of plyometric training. The study was completed during winter. The performance tests 

were completed in four days. On day 1, the following tests was completed: height, body mass, 

Week 10 120 85% HRmax      
RPE 20 – 25      
70 – 75% 

Side to side ankle hop 
Standing long Jump 
Double leg hops 
Lateral cone hop 

2x12 
6x4 
8x3 
2x12 

5 min Low  
Low  
Medium  
Medium 

Week 11 120 95% HRmax     
RPE 25 – 30     
80 – 85% 

Side to side ankle hop 
Standing jump and Reach  
Lateral Jump Over barrier  
Double leg hops 

2x15 
2x15  
6x5  
10 x3 

5 min Low 
Low  
Medium  
Medium 

Week 12 90 95% HRmax     
RPE 25 – 30     
80 – 85% 

Side to side ankle hop 
Standing jump and Reach  
Front Cone hops 

2x15  
2x 15 
6x5 

5 min Low  
Low  
Low 
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SJ and CMJ for maximal vertical distance (cm), DJ (from 20, 40, and 60 cm) for reactive 

strength (cm/ms). On day 2, the 20-m sprint test was carried out; on day 3, the 5-repetition 

maximum (5RM) test was completed, and on day 4, the Illinois agility test (23) was completed. 

Ten minutes of standard warm-up (5 minutes of submaximal running with several 

displacements, stretching exercises for 5 minutes, and 2 submaximal jump exercises of 20 

vertical jumps and 10 longitudinal jumps) were executed before each testing day. 

Muscular Strength (MS). 

 A parallel squat test was selected to provide data on maximal dynamic strength of the 

lower extremity muscles. Muscular strength was assessed using concentric-eccentric 5RM 

parallel squat action. Parallel squat tests were completed using free weights, with the subject 

assuming an initial erect position with the bar behind the shoulders. Then, the subjects lowered 

the bar until the upper portion of the thighs was parallel with the floor (determined visually by 

the investigators).  

Finally, the subject was perform a concentric leg extension (as fast as possible) to reach 

the full extension of 180° against the resistance determined by the weight. This action was 

repeated five times, with the maximum weight possible. Warm-up consisted of a set of 10 

repetitions at loads of 40- 60% of the perceived maximum. After one minute of rest and mild 

stretching, subjects performed a second set of 3-5 repetitions at loads of 60-80% of the 

perceived maximum. Thereafter, the subjects were having a maximum of 5 separate attempts to 

find their 5RM. The last acceptable 5 consecutive repetitions with highest possible load (kg) 

were determined as 5RM. The rest period between the actions was always between 3-5 minutes.  

Explosive Strength (ES).  

The subjects were perform Distance Jump (DJ) from a 20-, 40-, and 60-cm high 

platform, using an electronic contact mat system (Globus Tester, Codogne, Italy) with a 
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precision of 0.01 m. The subjects were instructed to place their hands on their hips and step off 

the platform with the leading leg straight to avoid any initial upward propulsion ensuring a drop 

height of 20, 40, and 60 cm. They were jump for maximal height and minimal contact time, in 

order to maximize jump reactive strength. The subjects were again be instructed to leave the 

platform with knees and ankles fully extended and to land in a similarly extended position to 

ensure the validity of the test. Four basic techniques was stressed: (i) correct posture (i.e., spine 

erect, shoulders back) and body alignment (e.g., chest over knees) throughout the jump; (ii) 

jumping straight up with no excessive side-to side or forward-backward movement; (iii) soft 

landing including toe-to-toe heel rocking and bent knees; and (iv) instant recoil for the 

concentric part of the jump. Phrases such as “on your toes”, “straight as a stick”, “light as a 

feather”, and “recoil like a spring” were used as verbal and visualization cues during the DJ. 

The instruction given to the subjects was “jump as high as you can, with minimum ground 

contact time”. Three repetitions were executed from each height, with 10-15 seconds between 

repetitions. The best performance trial was used for the subsequent statistical analysis. Trials 

with contact times over 250ms were not recorded. The infraclass correlation coefficient (ICC) 

was 0.97 (0.96-0.98) for 20-cm DJ, 0.97 (0.96-0.98) for 40-cm DJ, and 0.97 (0.96-0.98) for 60-

cm DJ. 

Squat Jump (SJ). A Squat Jump (SJ) was also used to assess maximal vertical jump height 

performance. The SJ test was performed using an electronic contact mat system (Globus Tester, 

Codogne, Italy) with a precision of 0.01 m. Jump height was determined using an 

acknowledged flight-time calculation (5,7). During SJ, the subject was instructed to rest his 

hands on his hips, foot and shoulders wide apart, adopt a flexed knee position (approximate 90º) 

during 3 s (25), and followed by a maximal effort vertical jump. All subjects were instructed to 

land in an upright position and to bend the knees following landing. Three trials were 
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completed, with 10-15 s of rest between them, and the best performance trial was used for the 

subsequent statistical analysis.  

Countermovement Jump (CMJ). A Countermovement Jump (CMJ) was used in order to 

assess maximal jump height performance requiring slow SSC action. The CMJ test was 

performed using an electronic contact mat system (Globus Tester, Codogne, Italy); with a 

precision of 0.01 m. Jump height was determined using an acknowledged flight-time calculation 

(5). During CMJ, the subject was instructed to rest his hands on his hips, foot and shoulders 

wide apart; subjects were perform a downward movement [no restriction was imposed over the 

knee angle achieved (30)] followed by a maximal effort vertical jump. All subjects were 

instructed to land in an upright position and to bend their knees following landing. Three trials 

were completed, with 10-15 s of rest between them, and the best performance trial was used for 

the subsequent statistical analysis. 10-m Sprint Time. Sprint times was then be recorded for 10-

m distances. The 10-m sprint test was conducted indoors on a wooden running surface.  

For all sprint tests, the subject started using a crouch start and commenced sprinting with 

a random sonorous sound. Infrared beams were positioned at the sprint distance, 1-m over the 

floor, to be measured with photoelectric cell (Globus Tester, Codogne, Italy). Subjects were 

given 2 practice trials performed at half speed after a thorough warm-up to familiarize them 

with the timing device. Three trials were completed, and the best performance trial was used for 

the subsequent statistical analysis. Three minutes of rest were permitted between 20-m trials. 

Times were recorded to the nearest 0.01 second. 

Agility. Agility times was recorded for the Illinois agility test. The test was used to determine 

the ability to accelerate, decelerate, turn in different directions, and run at different angles. The 

Illinois agility test is set up with four cones forming the agility area (10 m long × 5 m wide). A 

cone was placed at each point A) to mark the start, B and C) to mark the turn spots, and D) to 
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mark the finish. Another four cones were placed in the center of the testing area, 3.3 m from 

each other. The test was conducted indoors on a wooden running surface. 

For all agility tests, the subject starts on the floor, face down, and was in with a random 

sonorous sound. The subjects must complete, as fast as possible, the agility circuit. Infrared 

beams were positioned at the finish point, 1-m over the floor, to take measurements with a 

photoelectric cell (Globus Tester, Codogne, Italy). Subjects were given two practice trials 

performed at half speed after a thorough warm-up to familiarize them with the circuit and 

timing device. Two trials were completed, and the best performance trial was used for the 

subsequent statistical analysis. Three minutes of rest were permitted between agility trials. 

Times were reported to the nearest 0.01 second (23).  

Step Up 

The Participant stands in front of a 6 inches step bench with back, legs and arms straight, 

feet hip-distance apart. With the right leg, participant step onto the center of the bench and 

straighten the right leg at the top. Opposite leg would remain behind for counter balance. And 

finally, slowly bend the right knee and step back down with the left and then the right foot to 

complete on rep. This was done repeatedly until the time schedule was up. 

Treatment 

The plyometric training was taking place two days per week (with at least 48 hours of 

rest between sessions) for the plyometric training groups, during 7 weeks of treatment. Each 

session lasted 30-45 minutes. Ten minutes of standard warm-up (i.e. 5 minutes of submaximal 

running and several displacements, stretching exercises for 5 minutes, 20 submaximal vertical 

jumps and 10 submaximal longitudinal jumps) was used prior to the main part of the training 

session. The plyometric exercises was consist of DJ (bounce drop jumps), with a total of 60 DJ 

per session (2 series of 10 jumps from a 20 cm box, 2 series of 10 jumps from a 40 cm box, and 
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2 series of jumps from a 60 cm box) for the MVG, and MVGHS groups, and a total of 120 DJs 

per session (4 series of 10 jumps from a 20 cm box, 4 series of 10 jumps from a 40 cm box, and 

4 series of jumps from a 60 cm box) for the HVG group. The rest period between repetitions 

was approximately of 5 s, and between series was 1.5 minute. The control group was not 

performing any training intervention. This group was undergoing the same testing protocols as 

the other groups. The training was performed on a wood gymnasium floor with a restitution 

coefficient of 0.8 (MVGHS) or on a 3 cm thick athletic mat (7) with a restitution coefficient of 

0.5 (MVG and HVG). The subjects were instructed to place their hands on their hips and step 

off the platform with the leading leg straight to avoid any initial upward propulsion, ensuring a 

drop height of 20, 40, and 60 cm. They were instructed to jump for maximal height and 

minimum contact time in every jump. These instructions were intended to maximize reactive 

strength. A researcher was always present during training sessions, motivating subjects to give 

their maximum effort in each jump.  

3.8 Test Item Selection and Testing Procedure 

 Six (6) different skill selected components was administered to each subject throughout 

the duration of study. These tests are; 

i. Height 

ii. Speed  

iii. Agility 

iv. Power (leg power) 

Before these tests is administered, written informed consent forms was given to subjects which 

was filled, duly signed and returned. The subjects were certified to be medically fit to undertake 

the tests 
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3.9 Experimental/Research Controls 

 In order to avoid the influence of extraneous and intervening variables on the results of 

this study. The following conditions was observed and controlled; 

1. The researcher ensured that all measurements are carried out on the same day and time 

to allow for equal testing conditions for all subjects. 

2. The purposes of each test item were explained to the subjects before the commencement 

of the test and exercise training programme. 

3. The time for commencement of tests range from either 6.00am to 10.00am or 4.00pm to 

7.00pm each test and training day. This is because these times of the day are more 

suitable and temperature friendly for carrying out physical activities. 

4. Subjects were advised to have their meal as normal during the training period. 

5. All subjects were encouraged to wear sport outfits that was appropriate for tests and 

training conditions. 

6. All trainings were preceded by ten (10) minutes warm-up activities.  

3.10   Research assistants 

Three research assistants were involved in this research. The research assistants assisted in 

conducting and monitoring the exercise procedures. 

3.11  Statistical Techniques 

i. Descriptive statistic of mean and standard deviation were used to describe the demographic 

characteristics and average performance of the participant skill related fitness (agility, muscular 

strength, explosive power, flexibility and speed). 

ii. Inferential statistic of t-test to test the hypothesis formulated to determine the effect of 

plyometric training on agility, explosive power and speed.  
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iii. The decision to reject or retain the null hypotheses formulated were made at 0.05 alpha level 

of significance. 

v. All statistical analyses were performed using SPSS, IBM version 20. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Introduction 

The purpose of this study was to assess the effect of plyometric training on skill related 

components of fitness among male adolescent in Lokoja Metropolis, Nigeria. These skills 

related components are power, speed and agility. 

4.2 Results 

Fifty (50) male adolescents participated in the study for duration of 12 weeks. Training was 

conducted on three alternate days per week. Information on the physical characteristics (age, 

weight and height and body mass index (BMI) of the participants used in this study is presented 

in the table 4:1 

Table 4.1: Physical Characteristics of the Participants (n = 50) 

Variables Mean SD SE 

Age (yrs) 13.52 1.61 0.33 

Weight (Kg) 59.75 5.50 1.34 

Height (m) 1.99 0.09 0.01 

BMI (Kg/m2) 24.71 1.78 0.31 

Note: BMI = Body Mass Index in kilogram per metre square (kg/m2) 

The mean age of the participants is 13.521.61 years with an average height, weight and BMI of 

1.590.09m, 59.75 5.50kg and 24.711.78kg/m2 respectively. 
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Testing of Hypotheses 

Sub-hypothesis 1: There is no significant effect of plyometric training on explosive power of 

male adolescents in Lokoja metropolis, Nigeria. 

Table 4.2: Paired t-test of the pre and post test scores of explosive power of the 
participants 

Variable Testing Period Mean SD SE Df T p-value 

 Pre test 39.66 6.11 4.34    

Power     49 -8.35* .001* 

 Post test 48.33 6.45 4.02    

* = significant 

Table 4.5 shows the paired t-test analysis of the pre-posttest scores of the explosive power of 

the participants. An observation of the result showed that 12 weeks of plyometric training 

significantly improved the explosive power of the participants (P = 0.001). Explosive power 

markedly improved by 21.86% from baseline data. Therefore, the null hypothesis which states 

that there is no significant effect of plyometric training on explosive power of male adolescents 

in Lokoja metropolis, Kogi State was rejected.  
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Sub-hypothesis 2: There is no significant effect of plyometric training on speed of male 

adolescents in Lokoja metropolis, Nigeria. 

Table 4.3: Paired t-test of the pre and post test scores of speed of the participants 
Variable Testing Period Mean SD SE Df t p-value 

 Pre test 3.41 0.14                  0.63    

Speed     49  1.63 0.18 

 Post test 2.98 0.25     0.67    

* = significant  

Table 4.6 shows the paired t-test analysis of the pre-posttest scores of the speed of the 

participants. An observation of the result showed that 12 weeks of plyometric training had no 

significant effect on the speed of the participants (P = 0.18). Although speed improved by 

12.61%.  From the baseline data, it was not statistically significant. Therefore, the null 

hypothesis which states that there is no significant effect of plyometric training on speed of 

male adolescents in Lokoja metropolis, Kogi State was retained.  
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Sub-hypothesis 3: There is no significant effect of plyometric training on agility of male 

adolescents in Lokoja metropolis, Nigeria 

Table 4.4: Paired t-test of the pre and post test scores of agility of the participants 
Variable Testing Period Mean SD SE Df t p-value 

 Pre test 11.13 0.72 0.37    

Agility     49 6.00* .004* 

 Post test 12.35 0.75 0.32    

* = significant 

Table 4.8 shows the paired t-test analysis of the pre-posttest scores of the agility of the 

participants. An observation of the result showed that 12 weeks of plyometric training had 

significantly improved the agility of the participants (P = 0.004). Agility markedly improved by 

9.88% from baseline data. Therefore, the null hypothesis which states that there is no significant 

effect of plyometric training on agility of male adolescents in Lokoja metropolis, Kogi State 

was rejected.  

Discussion  

This study investigated the effect of plyometric training on selected skills related component of 

physical fitness of male adolescents in Lokoja Metropolis. Training was conducted three (3) 

times per week for duration lasting between 25 – 40 minutes at moderate intensity for a period 

of 12 weeks. 

The findings of this study revealed an improvement in the mean values of explosive 

power of the participants who participated in plyometric training in Lokoja metropolis. The 

explosive power of the participants increased from 39.66±6.11 to 48.33±6.45 which represents 

increment of 21.86%. The results showed that twelve weeks of plyometric training increased 

explosive power significantly. The results were consistent with the study of Eskandar, Asghar, 
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&Ebrahim, (2014),who  investigated the effect of plyometric and resistance training on agility, 

speed and explosive power in soccer players. It is also in consistence with the study of 

Lenhartet al., (2009and (2011).   

The  results  also showed  that  twelve  weeks  of  resistance  training  had  significant  effects  

on  increasing  explosive  power. These  results  were  consistent  with  Shahidiet al.,  (2009)  

but  did  not  match  with  Lamontageet al.,&Hosseiniet al., (2011).  Nerves adaptation 

improves strength in the first 3-4 weeks of resistance training. Muscle hypertrophy creates an 

increase in the size and function of muscle fibers after 8-12 weeks of resistance exercise 

(Johnson, Sburns, Azevedo, 2013).  

Probably neural adaptations and hypertrophy caused by resistance exercises, improved 

explosive power in these subjects. Plyometric is a training method, which is widely used to 

improve muscular strength to  generate  explosive  power (Haghighi, Moghadasi, Nikseresht, 

Torkfar, Haghighi, 2012).  This method led to increased explosive power in subjects by rapid 

strength production and nervous system improvement after twelve weeks.   

The findings of this study revealed an improvement in the mean values of speed record 

reduction of the participants who participated in plyometric training in Lokoja metropolis. The 

speed of the participants increased from 3.41±0.14 to 2.98±0.25 which represents increment of 

12.61%. 

The results showed that twelve weeks of plyometric training had no statistically significant 

effects on speed records reduction but thus showed improvement on speed of the participants. 

These results were consistent with Mohebiet al., (2012) but did not match with Hosseiniet al., 

(2011).  

This study is also in accordance with that of Rimmer and Sleivert (2000) who studied the effects 

of a plyometric programme on sprinting performance in a group of 26 male participants (age: 24 
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± 4 years), consisting of 22-rugby players and four touch-rugby players, playing at elite or 

under- 21 level of competition. But this is in contrary to the study by Shahidiet  al.,  (2012) and 

Thomas et al., (2009) who compared the effect of either DJ or CMJ six-week, bi-weekly 

plyometric training intervention upon trained adolescent soccer players.  

Research  results show  that  resistance  training  improves  speed  in  professional  soccer  

players  by  affecting  leg  extensor  muscles  (Haghighi, Moghadasi, Nikseresht, Torkfar, 

Haghighi, 2012). Apart from increasing power, other factors such as muscle length and 

temperature, body shape and flexibility also should be noted in speedy performances. A number 

of factors such  as  muscle  length,  strength,  age,  gender,  temperature,  body  shape,  force  

and  flexibility  can  have  profound impacts on speed (Mokhtari&Rostami, 2003).  

Probably plyometric exercises led to speed improvements by affecting muscle length, force, 

muscle temperature, strength and flexibility during the twelve weeks. 

The findings of this study revealed an improvement in the mean values of agility record 

reduction of the participants who participated in plyometric training in Lokoja metropolis. The 

agility of the participants improved from to 11.13±0.72 to 12.35±0.75which represents an 

increment of 10.36%. The results showed that twelve weeks of resistance training had 

significant effects on improving agility records. This is also supported by the research 

conducted by Miller et al., (2006) who studied the effects of a six-week plyometric intervention 

on agility performance.  

The results is in contrary to a research by Wrotniak,  Epstein, Dorn, Jones, &Kondilis, (2017), 

which showed no significant improvements in t-test times after the completion of a six-week 

combined plyometric and pre-season basketball conditioning programme by female basketball 

players.  
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Agility  along  with other  factors such  as  balance,  coordination, speed, power, and  reaction 

speed  is  one  of the  physical  fitness  factors related  to  skills  (Lotfi&Gaeini, 2003).  

Probably,  muscle  fibers  hypertrophy  due  to  resistance  training  led  to  the  subjects'  ability  

to change situation and direction rapidly without losing precision and balance.  

The positive role of plyometric training in improving skill related component of fitness in 

healthy male adolescent proved that plyometric exercise can be considered as an important 

component of fitness for male adolescents.  

 The result in this research demonstrated that plyometric training has significant influence on 

some skills selected components of physical fitness parameters of adolescents’ male in Lokoja 

metropolis, Nigeria. 
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CHAPTER FIVE 

5.0 SUMMARY, CONCLUSION, AND RECOMMENDATION 

5.1 Summary 

The study was conducted to assess the effect of plyometric training on some selected skills 

related component of physical fitness of male adolescent in Lokoja metropolis. The training 

programme lasted for 12weeks. Fifty (50) male participants were used for this study. 

They were divided equally into two groups using simple random techniques with each group 

consisting of 25 participants. Group A which is the experimental group underwent plyometric 

training for 12 weeks and Group B served as control group and thus did not participate in the 

training programme. The participants who met the inclusion criteria were all given informed 

consent forms to fill and give their readiness and willingness to undergo the training procedures. 

A written permission was obtained from Ahmadu Bello University Zaria, Ethical Committee, 

and from all the schools that were used for this study who granted the permission to carry out 

the study. 

The physical characteristics of the participants were assessed before any training intervention. 

The explosive power, speed and agility of both groups were assessed before the training 

programme. The training was done for three for alternate days (Monday Wednesday and 

Friday). 

All statistical analyses were done using statistical package for social science (SPSS) 

version 20 package. The hypotheses were tested at 0.05alpha-level of significance under 

relevant degree of freedom. 

From the research conducted, explosive power increased from 39.66±6.11 to 48.33±6.45 which 

represents increment of 21.86% (Pvalue =0.001). Similar increases were observed on speed from 
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3.41±0.14 to 2.98±0.25 (12.61%), (Pvalue =0.18), agility from to 11.13±0.72 to12.35±0.75 

(9.88%) with (Pvalue =0.04). 

From the results above it could be concluded that plyometric training has significant effects on 

some skills selected components of physical fitness of male adolescent in Lokoja metropolis, 

Nigeria. 

5.1.1 Summary of Findings 

The analysis of data collected for the study revealed the followings:   

(i) The participation in plyometric training had significant improvement on explosive 

power of male adolescent (P = 0.01*). 

(ii)  The participation in plyometric training had no significant improvement on speed of 

male adolescent (P = 0.18) 

(iii)   The participation in plyometric training had significant improvement on agility of 

male adolescent (P = .004*) 

5.2 Conclusion 

Based on the limitations of this study, it was concluded that plyometric training 

(i) Improved explosive power of male adolescents in Lokoja metropolis.  

(ii) Did not improved speed of male adolescents in Lokoja metropolis.  

(iii) Improved agility of male adolescents in Lokoja metropolis.  

5.3 Contributions to knowledge 

This study contributes to knowledge as follows: 

(i) Participation in plyometric training improve agility of male adolescent in Lokoja 

Metropolis, Nigeria 

(ii) Participation in plyometric training did not improve power of male adolescent in Lokoja 

Metropolis, Nigeria 
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(iii) Participation in plyometric training improve speed of male adolescent in Lokoja 

Metropolis, Nigeria? 

 

5.4 Recommendation 

On the basis of conclusion drawn, the following recommendations are made; 

(i)  Parents/ward should encourage their children to participate in plyometric training to 

improve their skills, fitness and also help them develop mentally. 

(ii) There is a need for school authority should increase the duration of the training 

programme to elicit enough response through exercise intervention 

(iii) Corporate organization should help by partnering with the federal government agencies 

to providing a proper awareness about the health benefit of plyometric training and also 

assist in building fitness laboratories and amusement parks where sporting facilities are 

available for adolescents and the general public to use  

(iv) There is a need for government and policy makers to mandate it for public and private 

schools to inculcate the plyometric training in their school curriculum this will also 

promote academic excellence. 

(v) The finding of the study will provide prospective researchers with relevant information 

and literatures for further studies on plyometric training. 
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