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RESUMO 

A presente dissertação de mestrado em Treino Desportivo apresenta dois estudos de revisão 

focados nos efeitos do treino pliométrico e do treino intervalado de alta intensidade em diferentes 

parâmetros da aptidão física em atletas de andebol. Objetivos: o principal objetivo da dissertação 

centrou-se em sumariar as principais evidências sobre o impacto do treino pliométrico e o treino 

intervalado de alta intensidade na aptidão física de atletas de andebol. No primeiro estudo 

elaborou-se uma revisão sistemática de escopo para descrever os métodos e efeitos do treino 

pliométrico em diferentes parâmetros da aptidão física de atletas de andebol, e no segundo estudo 

foi elaborada uma revisão sistemática para avaliar os métodos e efeitos do treino intervalado de 

alta intensidade na resistência cardiorrespiratória de atletas de andebol. Métodos: ambos os 

estudos seguiram as orientações PRISMA 2020 e a abordagem PICOS, sendo ambos registados na 

plataforma OSF. Ambas as revisões incluíram apenas artigos completos que foram pesquisados 

nas plataformas PubMed, Scopus, SPORTDiscus e Web of Science. Ambos as revisões utilizaram 

instrumentos de avaliação do risco de viés e extraíram dados associados às características dos 

participantes, dos programas de intervenção e as variáveis de aptidão física recolhidas antes e 

depois dos programas de intervenção. Resultados: o primeiro estudo incluiu 35 artigos, de um 

total inicial de 3195, e o segundo estudo incluiu 17 artigos, de um total inicial de 434. A primeira 

revisão mostrou uma variação considerável de resultados, mas a maioria dos estudos presentes na 

revisão mostrou um impacto positivo do treino pliométrico na capacidade de salto, velocidade e 

mudança de direção. Na segunda revisão houve uma variação considerável de resultados nos 

diferentes estudos, mas a maioria demonstrou um impacto positivo do treino intervalado de alta 

intensidade nas diferentes variáveis de resistência cardiorrespiratória. Conclusão: o treino 

pliométrico e o treino intervalado de alta intensidade são, globalmente, estratégias metodológicas 

com benefícios na melhoria da aptidão física de andebolistas.   
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ABSTRACT 

The present master’s dissertation in Sports Training presents two review studies that focus on the 

methodology and effects of plyometric and high-intensity interval training in different physical 

performance variables of handball athletes. Objectives: the main goal of this thesis was to 

summarize the main evidences regarding the impact of plyometrics and high-intensity interval 

training in the physical performance of handball athletes. In the first study a systematic scoping 

review was made to describe the methods and effects of plyometric training in various physical 

performance variables, and in the second study a systematic review was made to evaluate the 

methods and effects of high intensity interval training on cardiorespiratory endurance 

performance. Methods: both studies followed the PRISMA 2020 guidelines and the PICOS 

approach, and were registered at OSF. Both reviews only included full text-articles that were 

searched on PubMed, Scopus, SPORTDiscus, and Web of Science platforms. Both reviews utilized 

risk of bias assessment instruments and extracted data associated to the characteristics of the 

participants, the intervention programs and physical fitness variables obtained before and after 

the intervention programs. Results: the first study included 35 articles, from a total initial amount 

of 3195, and the second study included 17 articles, from a total initial amount of 434. In the first 

review there was a considerable variation in outcomes across the included studies, but most of 

them demonstrated a positive impact of plyometric training on improving jumping ability, 

sprinting speed, change of direction. In the second review there was a considerable variation in 

outcomes across the included studies, but most of them demonstrated a positive impact of high-

intensity interval training on improving different variables of cardiorespiratory endurance. 

Conclusion: plyometric and high-intensity interval training are, generally, beneficial 

methodological strategies to improve physical fitness in handball players.  
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1.1. INTRODUCTION 

Understanding the physical demands during handball official competition is essential to 

achieve the highest performance in the sport (García-Sánchez et al., 2023). Given that handball is 

characterized by fast-paced offensive and defensive actions, as well as frequent body contact, 

players must be physically prepared to produce the required actions to beat their opponents, while 

maintaining speed and intensity throughout a match. Those actions include different general 

movements like walking, running, jumping and changing directions, as well as handball-specific 

actions like passing, catching, throwing and blocking (García-Sánchez et al., 2023). 

Regarding energy systems, handball is a game with intermittent actions that primarily targets 

the aerobic metabolism, interspersed by high-intensity actions that greatly tax anaerobic 

metabolism (Povoas et al., 2012), which requires athletes to be well prepared both aerobically and 

anaerobically.  

It is essential to understand handball’s physical demands in order to optimize physical 

training and improve physical characteristics like strength, speed and endurance, which are helpful 

to delay the appearance of fatigue and to help to diminish the risk of injury (García-Sánchez et al., 

2023). Higher ranked handball players display better physical capacities (e. g. anaerobic power, 

vertical jump) compared to their lower ranked counterparts (Nikolaidis & Ingebrigtsen, 2013), but 

there is no difference in markers of aerobic capacity such as running pace and total distance 

covered (García-Sánchez et al., 2023; Nikolaidis & Ingebrigtsen, 2013). Given this information, it 

is very important that coaches are aware of the differentiating factors for better handball 

performance, and what are the best means and methods to develop these abilities in their players. 

The recent study of García-Sánchez et al. (2023) attempted to summarize the available 

scientific evidence associated with physical demands during handball official competitions, and 

they found that strength and endurance are extremely important for handball performance due to 

factors such as the distance that they have to cover during a match, many times with a high running 

pace (e.g. sprints, accelerations) and a high number of changes of directions (COD), which are the 

most frequent high-intensity actions during a game. Besides COD, Povoas et al. (2012) add that 

other high eccentric-related muscular requirements during the match might be imposed by throws, 

jumps, and the constant physical contact associated with one-on-one situations. Given these 

demands, the authors (Povoas et al., 2012) recommend that players should include exercises that 
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target the ability to repeatedly perform high-intensity activities and to rapidly recover during less 

intense periods, as well as basic strength training combined with specific power-related actions 

(e.g., jumps, sprints), which goes in line with the practical applications that can be found in the 

recent study by García-Sánchez et al. (2023), that advised coaches to improve their players’ 

strength (maximal and explosive-type RFD) and endurance (to repeat high-intensity actions during 

the entire match) via strength training, landing and COD technique training with disturbances and 

opposition, deceleration training and endurance training. 

Given that handball players need to be well-prepared to deal with the eccentric actions of the 

sport, such as the constant changes of direction, one effective way to ensure that is through the use 

of plyometric training, since plyometric exercises use an eccentric muscle action to enhance a 

subsequent concentric muscle action by using stored elastic energy from the musculotendinous 

unit, created by the active eccentric phase of the movement (Suchomel et al., 2019a). Through the 

use of these eccentric-concentric actions, an individual may increase force, power output, and rate 

of force development, which in turn may lead to improvements in athletic performance (Suchomel 

et al., 2019a), specifically in handball (Jakšić et al., 2023). One reason to opt for plyometric 

exercises instead of traditional eccentric-only methods is that the latter are associated with high 

levels of fatigue, and PT also has the benefit of addressing both ends of the stretch-shortening 

cycle (Suchomel et al., 2019b).  

Besides that, high-intensity interval training is a good way to develop both aerobic and 

anaerobic energy systems (Buchheit & Laursen, 2013b, 2013a), which have been deemed as 

important for handball performance due to many different factors (García-Sánchez et al., 2023; 

Gharbi et al., 2015; Karcher & Buchheit, 2014; Povoas et al., 2012; Wagner et al., 2014; Ziv & 

Lidor, 2009), and it has shown to be effective specifically in a handball context (Dello Iacono et 

al., 2015; Viaño-Santasmarinas et al., 2018). 

Despite these positive indicators, only recently the knowledge about plyometric training 

effectiveness in handball has started to be systematized (Jakšić et al., 2023), and it is yet to be done 

with regard to high-intensity interval training. Given the promising benefits, this systematization 

is important in order to inform how these practices are performed in the field and if they are based 

on relevant evidence, to address any uncertainty or variations in practice that might be occurring 

and to provide reliable findings from which conclusions can be drawn and decisions made (Munn 

et al., 2018).  Given the lack of systematized literature, this work intends to do it by addressing the 
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methodological characteristics of both plyometric and high-intensity interval training in handball, 

and to compile and analyze the results regarding its physical and physiological effects in the 

players, which intends to be helpful to guide the practices of coaches that operate in a handball 

context. 
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1.2. STATEMENT OF CONTRIBUTION AND DISSERTATION 

RELEVANCE 

The number of studies about plyometrics (PT) and high-intensity interval training (HIIT) in 

handball has been rising considerably since 2018, as can be seen in different databases. However, 

there is a lack of systematized knowledge regarding both topics, and there is an opportunity to start 

to systematize the literature regarding the implementation of plyometric and high-intensity interval 

training in handball. Given that, this dissertation pretends to provide a comprehensive review of 

the literature regarding physical training methods in handball, specifically PT and HIIT, by 

presenting two studies that intend to fill this gap in the literature. 

The first study, about the implementation and outcomes of plyometric training in handball, 

will be a scoping review. Scoping reviews are used to identify knowledge gaps, set research 

agendas, identify implications for decision-making, map or clarify the concepts underpinning a 

research area and the main sources and types of evidence available (Tricco et al., 2016). Scoping 

reviews are used to present a broad overview of the evidence pertaining to a topic, irrespective of 

study quality, and are useful when examining areas that are emerging, to clarify key concepts and 

identify gaps (Tricco et al., 2016). They are also an ideal tool to determine the scope or coverage 

of a body of literature on a certain topic, and give clear indication of the volume of literature and 

studies available, as well as an overview of its focus (Munn et al., 2018). Given that scoping 

reviews are useful for examining emerging evidence and can report on the types of evidence that 

address and inform practice in the field, as well as the way that research has been conducted (Tricco 

et al., 2016), they were the chosen way to approach the topic of the first study: plyometric training 

in a handball context.  

The second study, about the methodology regarding the use of HIIT in handball players and 

its impact on the athletes’ physical fitness outcomes, will be a systematic review. Systematic 

reviews can be broadly defined as a type of research synthesis that are conducted by review groups 

with specialized skills, who set out to identify and retrieve international evidence that is relevant 

to a particular question and to appraise and synthesize the results of this search to inform practice, 

policy and, in some cases, further research, and they follow a structured and pre-defined process 

that requires rigorous methods to ensure that the results are both reliable and meaningful to end 

users (Munn et al., 2018). The same authors add that a systematic review may be undertaken to 
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confirm or refute whether or not current practice is based on relevant evidence, to establish the 

quality of that evidence, and to address any uncertainty or variation in practice that may be 

occurring. Conducting a systematic review may also identify gaps, deficiencies, and trends in the 

current evidence and can help underpin and inform future research in the area (Munn et al., 2018). 

 With that, the indications for both scoping and systematic reviews (Munn et al., 2018) must 

be followed and, in this work, it is pretended to identify the types of available evidence regarding 

plyometric and high-intensity interval training in handball, to clarify key concepts and definitions 

in handball physical training literature, to examine how physical training research is conducted in 

a handball context, to identify key characteristics or factors related to physical preparation in 

handball, and to identify and analyze knowledge gaps in the literature. The intention is to 

contribute to a better understanding regarding the application of plyometric and high-intensity 

interval training in handball, enriching the topic with systematized scientific knowledge that allows 

the readers (coaches, athletes and anyone interested in the topic) to have a better comprehension 

of the field, and consequently leading to a better application of these types of training in a practical 

context. 
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 1.3. OBJECTIVES 

The objective of this dissertation is to conduct two different reviews summarizing the 

evidence regarding the strength and conditioning programs utilized in handball and their impact 

on physical fitness adaptations. The dissertation aims to examine the implementation of plyometric 

and high-intensity interval training methodologies and explore the main outcomes of these 

interventions on handball players. 

Considering the objectives of this dissertation, two main research objectives will be 

established, each leading to a separate study: 

 

Study 1  

Main goal: to find how plyometric training is implemented in a handball context, and the 

physiological effects that it provides to handball players 

Specific goals of the study 1: 

(i) identify the available evidence regarding the effects of plyometric training 

interventions in handball players, with an open focus on outcomes adaptations;  

(ii) to examine study design characteristics (e.g., interventions and comparators; the 

number of groups and randomization; volume-equalization) of the available 

evidence;  

(iii) to identify key characteristics of methodological training approaches used (e.g., 

duration; intensity; previous plyometric training experience); 

(iv)  to identify and analyze gaps in the knowledge while using an evidence gap map. 

 

 

Study 2 

Main goal: To conduct a comprehensive review of the literature to summarize the main 

evidence regarding the use of high-intensity interval training (HIIT) on physical fitness outcomes 

in handball players, while describing the methodological characteristics of the included studies. 
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Specific goals of the study 2: 

(i) identify the available evidence regarding the effects of high-intensity interval 

training interventions in handball players, with an open focus on outcomes 

adaptations;  

(ii) to examine study design characteristics (e.g., interventions and comparators; the 

number of groups and randomization; volume-equalization) of the available 

evidence;  

(iii) to identify key characteristics of methodological training approaches used (e.g., 

duration; intensity; previous HIIT experience); 
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2.1. HANDBALL PHYSICAL AND PHYSIOLOGICAL DEMANDS 

Handball is a dynamic sport characterized by intensive and intermittent physical exertion. 

Handball matches are characterized by periods of relatively stable pace interspersed with frequent 

bursts of intensive physical activity associated with changes in the speed and direction of 

movement (Lijewski et al., 2020). Handball includes tackles, breakthroughs, clasping, and fast 

breaks. As the sport has progressed, pace and dynamism, in both attack and defense, has developed 

and the rules have also been adapted accordingly. (Bøgild et al., 2020) 

Handball requires high levels of speed, in particular over short and medium distances (under 

30 meters), and, both in training and competition, players must accelerate and change directions 

quickly while simultaneously performing physical collisions, passing, throwing and jumping 

actions (van den Tillaar et al., 2020). Handball players must also be able to generate significant 

power both against small (e.g. shots) and large (e.g. against players, fighting for position) forces 

(Hammami et al., 2020). 

Movements in team-handball are characterized mostly by short accelerations (0-3 m), with 

stops and changes of direction, and less by sprints (10-30 m) over the entire game field. Straight 

sprinting is not often used in team-handball competition, but it is still crucial, because it could 

strongly influence the result of the game because of its importance in the fast breaks (Wagner et 

al., 2014). 

The physical demands of handball include running with and without changes of direction at 

speeds ranging from walking to rapid sprints, vertical jumping, various types of throwing, and 

direct physical contact, plus an ability to make multiple sprints at high speed. Several qualitative 

and quantitative studies of top-level male handball players have demonstrated that key 

characteristics of the successful professional include endurance capacity, sprint performance, 

jumping ability, and a high throwing velocity. This is reflected in a highly developed anaerobic 

endurance. Aerobic endurance is less important, because there are frequent exchanges of athletes 

during a match. Nevertheless, it has been hypothesized that a well-developed aerobic endurance 

might help recovery between frequent games during the playing season. (Schwesig et al., 2017) 

One specific attribute that is very important is jump height. Offensively, jump height is 

important for the jump throw, to reach a high vertical position to throw over the block of the rival 

defensive players, when throwing from backcourt position, or to have more time for throwing (an 
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increase in flight time) to mimic or to react to the movements of the goalkeeper. On defense, jump 

height is important to block the rival offensive player when throwing. (Wagner et al., 2014). 

To conclude, physical fitness attributes may help differentiate handball players’ level in 

adult, youth, male, and female handball competition (Chaabene et al., 2021; Lemos et al., 2020; 

Pereira et al., 2018; Romaratezabala et al., 2018), so it is important that handball players try to 

develop this aspect of the game.  
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2.2. HANDBALLER’S ATHLETIC PROFILE 

An analysis of the activity pattern of the players showed marked differences between 

individual playing positions. High-intensity locomotor activity was much greater in wingers than 

either backs or pivot players. Backs were found to carry out the largest number of throws, while 

pivot players exhibited increased agility. Goalkeepers, on the other hand, were shown to possess 

high explosive strength. The varied physical demands in handball are reflected in the players’ 

anthropometry, which, in turn, correlates strongly with playing positions. (Bøgild et al., 2020). 

General position specific differences in handball are wings being lowest, lightest and having 

lowest fat free mass (FFM) than back-court players and pivots; pivots having higher body mass 

and FFM than backcourt players, and higher body fat percentage than wings (they are, at the same 

time, taller and heavier than wings and back-court players). Back-court players and wings had 

higher jump and reach than pivots, and wings were faster on 30m than pivots. (Bøgild et al., 2020). 

Recently, on-court physical match requirements have been studied and differences have been 

reported between each playing position in elite senior players, mainly wings performing more 

sprinting/fast breaks and less physical confrontations with the opponent players than other court 

players. Equally, studies have examined differences in anthropometry and physiological 

performance characteristics between playing positions in elite senior players. A general finding 

was that wings were lower, lighter and faster than the rest of team handball players (Bøgild et al., 

2020). That is in agreement with what is said by Schwesig et al. (2017), that also report that 

anthropometric data reveals that the wings were significantly shorter than the backs, goalkeepers 

and pivots, and that the backs, pivots and goalkeepers conformed to the handball stereotype of 

unusual tallness. Wagner et al. (2014) also say that wing players are smaller and weight less 

compared to pivot players and/or backcourt player. 

Lijewski et al. (2020) refer that pivot players usually have the most athletic figure in terms 

of size and weight and relatively short legs. They also add that the backs are characterized by the 

android body type and low subcutaneous fat content; the backs and pivots have the same strength 

of back and handgrip; goalkeepers have relatively long upper and lower limbs and high back and 

handgrip strength; and the wingers are usually slender, have medium length limbs, low body fat 

percentage, significant extracellular mass and the lowest muscle strength. 

To be more specific, Lijewski et al. (2020) said, in their study, that pivot’s body mass was 

the highest by a large margin, followed by that of goalkeepers and backs, and that wingers were 
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the lightest players on the team. They also add that the upper extremities were longer in 

goalkeepers, and that the BMI of wingers was the lowest out of all the players, with pivots and 

goalkeepers having the highest. 

Wingers and pivot players were shown to have the shortest lower limbs in relation to the rest 

of the body, while the reverse was true for goalkeepers and backs. (Lijewski et al., 2020) 

Upper limb length index was highest among goalkeepers, and slightly shorter upper 

extremities were characteristic of wingers and pivot players. The latter also stood out because of 

the highest proportion of abdominal subcutaneous fat in relation to limb adiposity. (Lijewski et al., 

2020) 

The diversity in body size and proportions among players results from the specific tasks that 

each of them has to face. The heavy build and tall stature of pivot players determines their 

effectiveness on the court, where they face unique tasks associated with being positioned directly 

in front of the goal area, in between the defenders of the opposing team. Their stature and long 

upper extremities enable them to effectively block their opponents, increase their reach as well as 

disorientate opposing defenders and bring chaos in their work; they also provide an advantage in 

a direct one-to-one confrontation. Their height grants pivots a much wider visual range, while their 

relatively short legs and low center of gravity increase their stability. Furthermore, short lower 

extremities tend to move with a higher frequency, which, in turn, is associated with increased speed 

over short distances (Lijewski et al., 2020).  

Goalkeepers tend to have elongated upper and lower extremities, which enables them to 

cover a larger area of the goal. Additionally, their low body fat percentage grants them a high level 

of flexibility.  

Backs are the central figures when it comes to directing play. The strong jump shots which 

they are required to perform take highly developed motor skills and considerable agility. 

Wingers were found to be the slenderest out of all the players, with the smallest body 

dimensions. Their relatively low body mass proves an advantage, considering the high level of 

jumping ability and speed required of players in this position. Athletic physique is of little 

consequence among wingers, as during a match they do not engage in physical confrontation to 

the same extent as backs or pivots. In fact, it would prove cumbersome and likely slow them down 

during a game, preventing them from moving quickly across large distances (Lijewski et al., 2020). 
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Schwesig et al. (2017) also report better repeated sprint ability (RSA) in wings compared 

with the other position teammates, having better results in YoYo tests. The authors conclude that 

it probably reflects, in part, the anthropometric differences (wings being lighter) and the training 

effect of the playing requirement of the position, with a large number of fast breaks and sprints 

around 20 meters.  
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2.3. STRENGTH TRAINING IN HANDBALL 

Strength is defined as the ability of an individual or his muscles to exert force against an 

external resistance. Depending on the sport, athletes might have to display great levels of force 

against gravity to support their own body mass, manipulate their own body mass or the opponents’, 

or exert force against an object or projectile (Suchomel et al., 2016). In handball, athletes must be 

able to display all these expressions of force, ones more than others, depending on the position.  

Strength assumes great importance to anyone who wants to improve their performance 

(Grgic et al., 2018). The development of muscular strength is influenced by both neural and 

morphological factors, like muscle cross sectional area and its architecture, musculotendinous 

stiffness, neuromuscular inhibition, rate coding, motor unit recruitment and synchronization. 

These mechanisms are influenced by many factors, especially genetics (Suchomel et al., 2018). 

Muscular strength is a critical ability that is directly related to the execution of movements 

like jumping, sprinting, change of direction and others (Suchomel et al., 2021). Greater levels of 

strength are related with an improvement of characteristics like a better force-time curve (improved 

rate of force development), development of potentiation effects, decrease of injury rates and better 

performance of certain sports movements or skills (Suchomel et al., 2016). 

There are many types of strength commonly described in literature. Suchomel et al. (2016) 

refer isometric strength (the contraction of muscles without articular movement); explosive 

strength (maximum force in the least time possible); reactive strength (the ability to quickly switch 

from an eccentric to concentric contraction); and dynamic strength (involves all types of muscle 

contraction and is defined as the most relevant for the development of athletic skills, due to its 

similarities with many sports movements). The authors also emphasize that an improvement in 

dynamic strength might lead to an improvement in other types of strength, and highlight the 

difference between absolute and relative strength. Absolute strength is the individual’s ability to 

exert the maximum force possible, irrespectively of their body mass, while relative strength is 

directly related with their body mass. 

Lopez et al. (2021) claim that increases in strength levels are directly related with load, and 

that handling heavier loads induces bigger strength gains. This is related with the principle of 

specificity and with the previously mentioned neural and structural (or morphological) adaptations. 
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Handball players are characterized by considerable physical strength, which proves 

invaluable when it comes to performance. As such, strength training plays an important role among 

handball players, seeing that it not only increases their fitness, but also reduces the risk of injury 

(Lijewski et al., 2020). Adherence to strength training might increase the levels of muscular 

strength and, whenever possible, the SAID principle (specific adaptations to imposed demands) 

must be respected, considering factors like training volume and intensity, training frequency, rest 

times, proximity to muscular failure, exercise selection and the speed of the repetitions. When the 

goal is to increase strength, these variables must be manipulated to ensure the best possible 

adaptation (Grgic et al., 2018). Going deeper about specificity, the two systematic reviews 

(Bragazzi et al., 2020; Hadjisavvas et al., 2024) found on PubMed about the effects of resistance 

training on handball player’s strength has shown positive indicators, which translates positively 

into actions like throwing. 

Suchomel et al. (2018) refer that, for strength gains, sets done above 80% 1RM are indicated 

to reach those adaptations. A reduced number of sets (2-3 per exercise) might be enough to induce 

those strength gains, but, for more trained athletes, it might be necessary to raise that volume. 

However, the authors emphasize that an exaggerated number of sets might reduce the athlete’s 

ability to keep the same intensity, what might be detrimental for strength development and, even 

worse, raise the risk of injury and overtraining.  Grgic et al. (2018) say that, when weekly volume 

is equated, there is not a great influence of the total number of sessions. Given this, coaches must 

divide their sessions and their respective set-rep scheme in order to respect the athlete’s recovery 

time, optimizing their development. 

Regarding rest times, 2 to 5 minutes is the recommended interval to optimize strength gains 

(Suchomel et al., 2018). Despite other rest strategies that are described in literature, Jukic et al. 

(2021) affirm that, for strength gains, alternative methods like cluster-sets, that imply rest inside 

the set, present just marginal gains comparatively with traditional methods. Given that, the main 

aspect to consider to apply (or not) this method, is the time availability to train. However, authors 

emphasize that this method is a good option to utilize in situations where muscular failure is not 

pretended, in order to avoid fatigue. 

To gain strength, athletes might use unilateral and bilateral exercises. Moran et al. (2021) 

point the possibility of using greater loads as the main advantage of bilateral exercises, and the 
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activation of stabilizer muscles as the main advantage of unilateral exercises. They refer that both 

strategies are efficient, and each one must be applied in the right context, depending whether it’s 

pretended to induce greater mechanic overload, increase the recruitment of stabilizing muscles, or 

train around some injury. Some examples of exercises commonly used for the lower body are 

squats and deadlifts (and their variations), and for the upper body are pressing movements (e.g., 

bench press, shoulder press) and pulling movements (e. g. pull-ups, chin-ups, rows). 

Suchomel et al. (2018) refer other aspects like the utilization of free weights, machines, or 

just bodyweight. In a brief manner, the authors affirm that the use of bodyweight exercises are 

more appropriate for individuals with low levels of strength, machines when it’s pretended to 

isolate some specific body part, and free weights when it’s pretended to induce greater overload 

and target more body parts simultaneously. The authors also refer eccentric methods as some of 

the most efficient for strength gains, but these methods must be reserved to more trained athletes 

and must always be applied carefully, because they are related with greater levels of muscular 

fatigue. 

Independently of the used training means and methods, training monitoring must always be 

considered, mainly for two reasons: fatigue management and training program efficiency 

(Suchomel et al., 2021). The authors indicate a varied number of methods of monitoring and load 

application, namely methods of RM percentages and repetition zones, subjective methods 

(questionnaires, rate of perceived exertion, repetitions in reserve) and objective methods (velocity-

based training), that consider fatigue, readiness and stress levels of the athletes. 

Whatever the applied means, methods or strategies, coaches must always pay attention to all 

the previously mentioned factors when it’s time to plan, program, apply, control and monitor the 

training. Given that there is no perfect modus operandi that is appropriate to all situations, it is 

coaches’ responsibility to get as much information as possible about each of the training means 

and methods, especially their advantages and disadvantages, in order to be able to apply the best 

solution for the moment or context. That way, coaches will have a bigger theoretical foundation to 

support their decisions, which will help them to get better results. 
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2.4. PLYOMETRIC TRAINING IN HANDBALL 

Plyometric Training (PT) involves exercises that use the stretch-shortening cycle (SSC), in 

which a lengthening movement (eccentric) is quickly followed by a shortening movement 

(concentric). The effective use of the SSC is related to the contributions of different mechanisms, 

such as the accumulation of elastic energy, pre-load, increase of the time to muscle activation, 

force enhancement, stretch-reflexes and muscle–tendon interactions that facilitate greater 

mechanical work production in subsequent concentric muscle actions (Kons et al., 2023).  

PT is widely used in many different sports to improve performance, and has been shown to 

be an effective method of improving a number of physical qualities or performance tasks such as 

strength, power, jump height, running economy, change of direction, sprint, speed and endurance 

(Kons et al., 2023; Ramírez de la Cruz et al., 2022). These improvements might be explained by 

the changes in neural and mechanical properties reported with plyometric training, such as the 

musculotendinous stiffness and architecture, the strengthening of the elastic properties of 

connective tissue, or the optimization of the cross-bridge mechanics and motor unit activation 

(Kons et al., 2023; Ramírez de la Cruz et al., 2022). 

Recently, two systematic reviews (Jakšić et al., 2023; Ramirez-Campillo et al., 2020) 

addressed the effects of plyometric training in handball, and they found positive results in 

improving several markers that are important for handball performance. Although handball already 

presents a considerable volume of jumping in its games and training sessions, the study of Jakšić 

et al. (2023) concluded that, despite that fact, there are still benefits of including additional 

plyometric exercises in the training regime of handball players, given that plyometric training is 

effective to develop explosive neuromuscular performance, which is a good choice since its 

movement structures are essentially similar to those required by a handball game (acceleration, 

jumping, and COD), and that they are especially valuable to improve the execution of skills such 

as feints (through improvements in change of direction) and jump shots (through improvements in 

jumping ability). Those improvements are attributed to factors like enhanced neural drive to 

agonist muscles, alterations in musculotendinous stiffness, increases in muscle size and 

architecture, improved intermuscular coordination, greater excitability of the stretch reflex and 

changes in muscle fibre mechanics (Ramirez-Campillo et al., 2020), some of them which have 

already been mentioned before. 
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One of the main benefits pointed in the two mentioned studies (Jakšić et al., 2023; Ramirez-

Campillo et al., 2020) is the extremely low rates of injury associated with plyometric training, 

which is extremely beneficial for players in a sport like handball, which has a considerable number 

of games throughout the season, with a lot of physical contact between players and many potential 

injury mechanisms occurring during the games. As mentioned by the authors, PT is a safe form of 

training that contributes to strengthening tendons and ligaments with an overall strength and power 

increase, potentially contributing to injury prevention. 

Another benefit of plyometric training for handball players is that it can be done without any 

additional external equipment, through exercises like hurdle jumps, drop jumps or hops (Jakšić et 

al., 2023; Ramirez-Campillo et al., 2020). Although these studies only focused on lower-body 

plyometrics, as many of the studies that can be found in literature, there are also benefits in 

implementing upper-body plyometric exercises (Deng et al., 2023), which are useful in a handball 

context due to the contribution of the upper limbs to actions such as passing, shooting or fighting 

for position. 

Some important aspects to consider when programming and implementing plyometric 

exercises are the surface where they are done, the implemented regimen (intensity, volume and 

density) and the direction, regularity and laterality of the exercises. 

Regarding the surface, soft surfaces are more appropriate for maximal dynamic strength 

production, can be used during the plyometric preparation or general preparation phases of an 

athlete, are beneficial during the first developmental phase of sprint acceleration and can be used 

for a wide variety of jumps in the general preparation of top athletes, while hard surfaces are 

recommended to be introduced after training on soft surfaces and are associated with short ground 

contact times and bouncing jumps with open knee joint angles, being more associated with the 

development of power, muscle stiffness, and reactive strength (Montoro-Bombú et al., 2023). 

Regarding the direction, regularity and laterality of exercises, some things must be 

considered. Plyometric exercises must be implemented in a variety of directions, similar to the 

ones that they will perform in the game, given that performing PT with a combination of different 

directions is better than a single direction alone (Asadi et al., 2016; Kons et al., 2023). They must 

be done cyclically and acyclically, given that handball involves both cyclic and acyclic 

movements, but repeated jumps may be implemented more frequently due to reduced landing 

forces (Makaruk et al., 2014). Lastly, exercises should be implemented both bilaterally and 
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unilaterally, but preference should be given to unilateral exercises given that they are more 

effective than bilateral exercises at increasing both single and double-leg jumping performance, 

isometric leg press, maximal force, and RFD (Bogdanis et al., 2019). 

Regarding PT regimens applied in handball, Ramirez-Campillo et al. (2020) pointed the lack 

of uniformity in how training programmes were prescribed in the studies implemented in a 

handball context, advising practitioners to consider general guidelines when formulating 

plyometric programmes, according to the current scientific evidence, as well as making them 

appropriate to the individuals with whom they are working. One problem of this advice is that 

there is still no consensus regarding the optimal volume, intensity and rest times for plyometric 

exercises, although the recent study of Montoro-Bombú et al. (2023) helped to systematize the 

knowledge regarding the determination of optimal volume and intensity for plyometric exercises. 

In a handball context, plyometric training must be done 2-3 times per week (Kons et al., 

2023; Slimani et al., 2016), preferably with a relative low number of total contacts (up to 

approximately 100) in each training session (Ebben, 2007; Ebben et al., 2014), with rest times that 

are adequate relatively to the available time of the training sessions (Asadi & Ramírez-Campillo, 

2016; Guan et al., 2021; Moreno et al., 2014), and can be combined with other training methods 

such as strength, sprinting or COD training (Markovic & Mikulic, 2010; Slimani et al., 2016).  
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2.5. HIIT VS CONTINUOUS TRAINING FOR ENDURANCE IN 

HANDBALL 

Continuous and interval training have been used in practice for a long to increase aerobic 

and anaerobic capacity of athletes, and their effects on physiological performance markers has also 

been a constant object of study (Mazoochi et al., 2013). Both methods are deemed as effective to 

improve physical parameters, although the adaptations provided by both are quite different: 

continuous training is more associated with increased maximum oxygen intake, capillary network 

and mitochondrial enzymes in aerobic energy systems, while interval training is more associated 

with improved levels of anaerobic capacity, lactate pathway enzymes and anaerobic energy 

creating enzymes (Mazoochi et al., 2013). 

Although continuous training has its benefits, as previously mentioned, HIIT seems to be 

more beneficial in most physical markers of interest (Mazoochi et al., 2013; Milanović et al., 2015; 

Olney et al., 2017; Seiler & Tønnessen, 2009). Also, as handball is an intermittent sport that 

primarily uses aerobic metabolism, interspersed by high-intensity actions that greatly tax anaerobic 

metabolism (Povoas et al., 2012), HIIT attributes seem to be more adequate for handball 

performance than continuous training. 

High-intensity interval training (HIIT) is a time-efficient training method for improving 

cardiorespiratory and metabolic function and, in turn, physical performance in athletes, that 

involves repeated short (<45 s) to long (2–4 min) bouts of high-intensity exercise interspersed with 

recovery periods (Buchheit & Laursen, 2013a, 2013b).  

For team sport athletes, as is the case of handball players, the inclusion of sprints and all-out 

efforts into HIIT programmes has been shown to be an effective practice (Buchheit & Laursen, 

2013a), as it mimics some of the requirements that athletes encounter in game situations. 

Prescription for HIIT consists of the manipulation of up to nine variables, which include the 

work interval intensity and duration, relief interval intensity and duration, exercise modality, 

number of repetitions, number of series, as well as the between-series recovery duration and 

intensity, and the manipulation of any of these variables can affect the physiological responses to 

HIIT (Buchheit & Laursen, 2013a). 

Regarding its practical application, there are 4 training methods to be used for the 

implementation of high-intensity interval training: short intervals, long intervals, sprint interval 

training (SIT) and repeated sprint training (RST) (Buchheit & Laursen, 2013a, 2013b).  
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In his article about programming HIIT in handball, Buchheit (2014) mentions the use of 

short intervals, RST, SIT and small-sided games (SSGs). Although long intervals are useful to 

improve some handball performance markers, their use is not recommended in a handball context, 

since short intervals provide similar results with more specificity (Viaño-Santasmarinas et al., 

2018). 

Buchheit (2014) acknowledges the limitations of programming HIIT based on the athlete’s 

VO2max or Maximal Aerobic Speed (MAS), so he suggests to program HIIT based on the athlete’s 

velocity on the 30-15 Intermittent Fitness Test (IFT). The 30-15IFT is an intermittent incremental 

test (30 seconds of running at increasing speed, interspersed with 15-second passive recovery 

periods) that was designed to elicit maximum HR and VO2 and additionally anaerobic capacity, 

inter-effort recovery capacity, acceleration, deceleration and COD abilities (Buchheit, 2014). The 

final speed reached at the test (VIFT) is a composite velocity that considers all physiological 

variables elicited when performing HIIT, including COD. In other words, the 30-15IFT is highly 

specific, not to a specific sport, but to the training sessions commonly performed in intermittent 

sports and, in support of the test’s validity, VIFT has been shown to be more accurate than 

vVO2max for individualising HIIT with COD in team sport players (Buchheit, 2014). Once the 

30-15IFT is performed, the coach has to set the individual running distances on the field for each 

player, or group the players by VIFT with 1km/h groups and, since most runs in handball have to 

be performed with COD, the time needed for a COD has to be considered when calculating the 

target running distance in order to ensure a similar cardiorespiratory load in comparison with 

straight-line runs (Buchheit, 2014). 

To make short intervals more sport-specific, Buchheit (2014) suggests the possible 

introduction of technical elements like passing, shooting or defensive actions, but caution must be 

taken in order to not decrease the effort quality, and to make sure that the utilized work-to-rest 

ratios are actually specific, given that, for example, a defender in a match  generally reaches once 

or twice an attacker per defensive action, and then the game is either stopped (technical fault) or 

continues with other players. 

The sprint forms of HIIT previously mentioned were RST and SIT. RST consists of 2-4 sets 

of 5-8 sprints of 15-30 meters, interspersed with 14 to 25 seconds of passive or active recovery, 

which is well-suited for team relay and counter-attacks, and can be performed in shuttle, which, 

from an injury-prevention perspective, decreases stride length and is likely to decrease hamstring 
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strain (Buchheit, 2014). The author adds that the sprinting demands found in the games can be 

used to design position-specific repeated-sprint sequences, such as 20-30m sprints for wingers or 

10-15m sprints for backs, for example. SIT consists of 3-6 repetitions of 30-second all-out shuttle 

sprints over 40-m shuttles, interspersed with 2 to 4 minute of passive recovery and, given their 

intensity and duration, it is difficult to incorporate the ball during these drills (Buchheit, 2014), 

which lacks in specificity, but makes it easier to control the intensity of the effort. 

Lastly, Buchheit (2014) mentions the use of SSGs, that are games performed with a reduced 

number of players, in which coaches are requested to encourage players to achieve high intensity 

during the games. Some modifications that can be made to avoid game breaks that would reduce 

exercise intensity, are, for example, the restriction of dribbling and defence contacts, not 

sanctioning infringements of some rules like ‘steps’ or ‘double dribble’, throw-on after a goal is 

immediately made by goalkeepers from their 6-m area, and coaches always available to 

immediately replace the ball when it is kicked away from the playing area.  

A study by Dello Iacono et al. (2015) evaluated the effects of HIIT and SSGs in the physical 

fitness of handball players and concluded that both are beneficial. However, due to more 

specificity, the authors recommend that preference must be given to SSGs, stating that they must 

be included in the training regimen twice per week, given that they are effective in developing 

strength, aerobic and anaerobic capabilities and supra-maximal intermittent performance, as can 

be seen by improvements in 10 and 20 meter sprints, vertical jumping, COD and 1RM bench press. 
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5.1. DISCUSSION OF THE MAIN FINDINGS 

This thesis pretended to cover different topics regarding physical preparation of handball 

players and, as stated in the first chapter, its major goal was to summarize the main evidences 

regarding the impact of different strength and conditioning methods, especially plyometrics and 

high-intensity interval training, in the physical performance of handball athletes. 

As reported in chapter 2, handball is characterized by periods of relatively stable pace 

interspersed with frequent bursts of intensive physical activity associated with changes in the speed 

and direction of movement, and includes physical collisions (as tackles), breakthroughs, clasping, 

fast breaks, jumping and actions like passing and throwing. Characteristics of successful athletes 

include endurance capacity, sprint performance, jumping ability, and a high throwing velocity, and 

these physical fitness attributes may help differentiate handball players’ level. Given this, the two 

studies from this dissertation, presented in chapter 3 and 4, aimed to analyze the adaptations 

promoted by plyometric and high-intensity interval training in the physical attributes of handball 

players; the first study, a systematic scoping review, was made to describe the methods and effects 

of plyometric training in various physical performance variables, and in the second study a 

systematic review was made to evaluate the methods and effects of high intensity interval training 

on cardiorespiratory endurance performance. 

The first study, regarding plyometric training programs in handball, has generally shown 

positive effects from this type of training on many different parameters, mainly jumping ability, 

sprinting speed, change of direction, strength, and balance. These improvements should be 

attributed to changes in neural and mechanical properties commonly reported with plyometric 

training, such as the musculotendinous stiffness and architecture, enhanced neural drive to agonist 

muscles, improved intermuscular coordination, greater excitability of the stretch reflex, 

strengthening of the elastic properties of connective tissue, or the optimization of the cross-bridge 

mechanics and motor unit activation. The second study, which focuses in high-intensity interval 

training programs and their impact on endurance performance in handball players, has shown a 

considerable variation in outcomes across programs, but generally demonstrated a significant 

positive impact of HIIT on improving endurance performance. This positive impact can be 

attributed to physiological mechanisms like increased mitochondrial respiratory capacity, quicker 

oxygen uptake kinetics, an accelerated post-sprint muscle reoxygenation rate, an elevated lactate 
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threshold, and an increased VO2max, which favor an increased dependence on aerobic metabolism 

for ATP resynthesis and are associated with an improved capacity to resist fatigue during repeated 

sprints. As for the methodology, the majority of the plyometric training programs were 

implemented with a frequency of two times per week, using mainly cyclic exercises without any 

external load, in different planes, both bilaterally and unilaterally, and implementing some form 

of progressive overload. The HIIT programs were also conduced mostly two times per week, using 

different formats, but predominantly short intervals and small-sided games. 

 In summary, both plyometrics and high-intensity interval training are effective methods to 

increase physical fitness in handball players, due to different mechanisms that have been shown to 

be beneficial for these athletes.  
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5.2. CONTRIBUTION OF THIS DISSERTATION TO THE STATE OF 

THE ART 

This dissertation has contributed to the state of the art by systematizing different aspects of 

the physical preparation of handball players, addressing in one document the different methods 

that can be utilized to improve a player’s physical fitness. 

When searching for systematized literature about the training of physical attributes in handball 

athletes, there is still not much information that can be found. The two systematic reviews 

(Bragazzi et al., 2020; Hadjisavvas et al., 2024) about the effects of resistance training on different 

manifestations of strength were referred on sub-chapter 2.3 (Strength Training in Handball), and 

they provide good information about the effects of resistance training on different types of strength 

and on-court actions like throwing, pushing or jumping. 

When this dissertation was started, there was only one systematic review (Jakšić et al., 2023) 

regarding plyometric training in handball, and it was specifically to address the effects of 

additional plyometric training in the players’ vertical jump ability. Meanwhile, one more study 

(Wang et al., 2024) was published covering the effects of plyometric training on handball players 

physical attributes that, in some ways, is very similar to the study that can be found in Chapter 3. 

However, that study only included 20 articles, while the study found in Chapter 3 included 35 

articles. It must also be said that the study by Wang et al. (2024) included 6 articles (E. S. de 

Villarreal et al., 2022; E. S. S. de Villarreal et al., 2010; Ethiraj & Kamatchi, 2020; Gaamouri, 

Hammami, Cherni, Oranchuk, et al., 2023; Gaamouri, Hammami, Cherni, Rosemann, et al., 2023; 

Gaamouri, Hammami, Shephard, et al., 2023) that are not present in our systematic review because 

they didn’t fit our inclusion criteria for different reasons.  

Finally, the article on chapter 4 is the only systematic review to date that focuses on the 

endurance performance of handball players, specifically in the effects caused by different types of 

high intensity interval training in that performance marker, which filled a gap in the literature 

regarding the impact of any form of training on the energy systems of handball players. 

With this, this dissertation pretends to provide a comprehensive source for many topics related 

to the physical preparation of handball players, providing the most updated literature regarding the 

state of the art.  
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5.3. LIMITATIONS AND FUTURE RESEARCH 

The major limitation of this dissertation is directly related with the lack of specific information 

regarding some of the topics approached in chapter 2, as some of those don’t have many quality 

studies that are specific to handball, and there are also the limitations of the original studies 

presented in chapter 3 and 4. The first review, regarding plyometric training, has provided some 

useful practical applications that can be drawn from a higher number of studies, which allow to 

extract more useful information, although there is room for more and better studies. On the 

contrary, the second review, about high-intensity interval training, has a lower number of studies 

and less useful information to allow practical recommendations to be made concerning an optimal 

volume, intensity and exercise selection, which limits its practical usefulness. 

Given these limitations, and since there is no optimal recommended methodology in the 

literature regarding the application of the aforementioned methods of training, more studies should 

be done about the different methods of improving the physical fitness of handball players, 

especially PT and HIIT, in athletes of different levels, with some differences between them, 

namely: 

• Regarding PT, future studies should address questions like better ways to evaluate 

plyometric intensity in contexts with limited means; comparing different types of 

exercises; and define optimal volumes and rest times. 

• Regarding HIIT, future studies should assess the effects of individualizing training loads 

based on positional requirements; determine the ideal volume, intensity and frequency; 

and compare the different types of HIIT between each other to establish which ones are 

more effective and if they have any benefit compared to specific formats like small-sided 

games. 

Once these gaps are filled, coaches will have better resources to plan their training cycles, and 

will be more able to prescribe better training programs to make their athletes reach the desired 

goals and adaptations. 
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5.4. PRACTICAL IMPLICATIONS AND TRANSLATION TO 

PRACTITIONERS 

Given the results and conclusions presented by the studies that are part of this dissertation, 

some pratical recommendations can be made regarding the implementation of these methods of 

training in the players’ schedule.  

A frequency of 2 to 3 times per week of both plyometrics and/or HIIT has shown to be 

effective to improve performance markers such as jumping or sprinting ability, COD or endurance 

performance and, if coaches want to focus on the improvement of any of these parameters, they 

should include it in their training cycles, taking into account the players’ fitness levels and their 

competitive schedule. If the time available for training is limited, coaches can opt to combine 

plyometric and HIIT in the same workout, as there are some studies (Cherif et al., 2012; Gaamouri, 

Hammami, Shephard, et al., 2023; Hammami et al., 2021; Hermassi et al., 2020) that have 

combined both forms of training which showed positive results. If coaches have an ample time 

window available for training, it is suggested that both types of training should be implemented in 

different days, to diminish fatigue and the possibility of any interference effect. If that is the case, 

HIIT should be implemented further from game day, and plyometrics can be implemented closer 

to game day, as the former has more chance to cause fatigue than the latter.  

Other forms of training, such as strength and speed training, must also be considered when 

planning a training cycle, and they should be taken into account when pondering the combination 

of different types of training, as there is literature (Cormier et al., 2020; W. P. Ebben, 2002; Freitas 

et al., 2017; Hammami et al., 2018, 2019; Pagaduan & Pojskic, 2020; Wang et al., 2023) that 

supports the combination of some of these forms of training as being beneficial and time-efficient 

(e.g. combining strength and plyometrics - contrast/complex training). One aspect that should not 

be neglected is the monitorization of the adaptations, since the response to training is highly 

individual and no two athletes respond to a similar stimulus in the same way (Freitas et al., 2017). 
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5.5. MAIN CONCLUSIONS AND TAKE-HOME MESSAGES 

• Handball players are characterized by considerable physical strength, which is very 

important when it comes to performance, and its development is influenced by both neural 

and morphological factors. Strength training plays an important role among handball 

players, as it not only increases their fitness, but also reduces the risk of injury. Adherence 

to strength training might increase the levels of muscular strength and, whenever possible, 

the SAID principle (specific adaptations to imposed demands) must be respected, 

considering factors like training volume and intensity, training frequency, rest times, 

proximity to muscular failure, exercise selection and the speed of the repetitions. When the 

goal is to increase strength, these variables must be manipulated to ensure the best possible 

adaptation, and different forms of resistance training have shown benefits to handball 

players, which translates positively into actions like throwing, jumping, sprinting, change 

of direction and others. 

• Plyometric exercises, which involve rapid stretching of a muscle before a rapid transition 

to a concentric contraction (stretch-shortening cycle), have been shown to be beneficial for 

handball players, by improving actions like accelerations, sprinting, jumping or throwing. 

These improvements might be explained by the changes in neural and mechanical 

properties reported with plyometric training, such as the musculotendinous stiffness and 

architecture, the strengthening of the elastic properties of connective tissue, or the 

optimization of the cross-bridge mechanics and motor unit activation. 

• A benefit of plyometric training is that it can be done without any additional external 

equipment and causes while causing very little fatigue. Some important aspects to consider 

when programming and implementing plyometric exercises are the surface where they are 

done, ground contact times, the implemented regimen (intensity, volume and density) and 

the direction, regularity and laterality of the exercises. 

• High-intensity interval training (HIIT) is a time-efficient training method for improving 

cardiorespiratory and metabolic function that involves repeated short (<45 s) to long (2–4 

min) bouts of high-intensity exercise interspersed with recovery periods, which has been 

shown to be effective to improve the performance of handball players as it mimics some 

of the requirements that athletes encounter in game situations. 
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• Prescription for HIIT consists of the manipulation of up to nine variables, which include 

the work interval intensity and duration, relief interval intensity and duration, exercise 

modality, number of repetitions, number of series, as well as the between-series recovery 

duration and intensity. Regarding its practical application, coaches can use different 

methods such as short intervals, long intervals, sprint interval training (SIT) and repeated 

sprint training (RST) and small-sided games (SSGs). 

• To improve the physical fitness of their players, coaches must evaluate what are the 

abilities that should be prioritized, and must carefully plan the training cycles considering 

the different training methods that they have at their disposal and taking into account their 

team’s competitive schedule. While programming their training schedule, coaches should 

look to maximally develop the pretended abilities avoiding detrimental interferences and 

without excessively overloading their athletes. 
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