
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Effect of in-season resistance exercise-induced 

changes in muscle size and strength on match-

related handball external load measurements 

 

University of Agder, 2023 

Faculty of Health and Sport Sciences  

Department of Sport Science and Physical Education 

 

SILJE MARIE PEDERSEN 

SUPERVISOR 

Thomas Bjørnsen 
Fredrik Tonstad Vårvik  



 

 2 

Acknowledgements 

 

 

I would like to thank my fellow students for these two years here in Kristiansand at the 

University of Agder. It has been two years filled with mostly hard work, but also a lot of 

enjoyable moments. The friendships I have made here, have been highly important to me and 

will be in the future! I will also thank my family and friends for the support during this 

period.  

 

I would also thank my supervisors, Thomas Bjørnsen and Fredrik Tonstad Vårvik for very 

good help during the writing of this thesis. I must also acknowledge my fellow students who 

were part of this project. We have had long days of testing the participants, and it would not 

be as fun without you. The process of writing this thesis have been challenging, but mostly 

fun and educational. I will take the learnings from this project with me in the future. 

 

Additionally, I would like to thank the participants who took part in this project. Is has been a 

pleasure to follow you through this period.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Silje Marie Pedersen 

May, 2023 



 

 3 

Sammendrag 

 

Hensikt: målet med denne studien var å undersøke om endringer i maksimal styrke og fettfri 

masse i bein etter styrketrening kunne påvirke endringer i håndballrealterte eksterne variabler 

i sesong. Metode: tjue kvinnelige håndballspillere fra to ulike håndballag i 2.divisjon (alder 

19.6 ± 2.4 år, høyde 168.7 ± 6.3 cm, og vekt 69.3 ± 13.3 kg) gjennomføre et 12-ukers 

treningsprogram, tung styrke og power/plyometri, i sesong. Utøverne ble deretter delt inn i 

høy- og lav-respondere basert på endringer i 1 repetisjon maksimum i knebøy, kraft i 

beinpress, og fettfri masse i bein. Forbedringer i fettfri masse og en av de to styrketestene som 

oversteg minste verdifulle endring og koeffisientavvik ble definert som høy-respondere. 

Ukentlig standardisert håndballrelatert ekstern belastning ble målt som PlayerLoad og 

hendelser med høy intensitet (HIE) ved hjelp av «inertial measurement units». Endringer i 

eksterne variabler mellom høy- og lav-respondere ble analysert med t-tester (tre første vs. tre 

siste målinger), «Nonoverlap of all Pairs» (NAP) kalkulator for å se på forskjeller på 

individnivå samt korrelasjoner mellom endringer i eksterne variabler og kombinert 1RM, 

kraft og FFM («composite score»). Resultat: det var ingen signifikante forskjeller mellom 

eller innad i respondere i endring i ekstern belastning (p>0.05) eller korrelasjoner mellom 

endringer i «composite score» og eksterne variabler (r= -0.04- -0.20, alle p>0.05). NAP 

analysene viste ingen signifikante forskjeller på individnivå (effektstørrelser: PlayerLoad: 0-

0.66, HIE: 0.25-0.61). Konklusjon: disse funnene tyder på at endringer i maksimal styrke og 

fettfri masse i bein ikke påvirker håndballrealterte variabler som PlayerLoad og HIE i sesong.  

 

Nøkkelord: styrketrening, håndball, eksterne variabler, PlayerLoad, hendelser med høy 

intensitet 
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Abstract 

 

Purpose: this study aimed to investigate if in-season resistance training-induced changes in 

maximal lower-body strength and fat-free mass could influence changes in match-related 

handball external load measurements. Method: twenty female handball players from two 

senior sub-elite teams (19.6 ± 2.4 years, 168.7 ± 6.3 cm in height, and 69.3 ± 13.3 kg body 

mass) completed a 12-week in-season strength- and power training program. Players were 

then divided into high- and low-responders based on changes in squat 1 repetition maximum, 

leg press force, and leg fat-free mass (FFM). Improvements in FFM and one of the two 

strength tests that exceeded the smallest worthwhile change and coefficient of variation were 

defined as high-responders. Weekly standardized match-related handball external load was 

measured as Player Load and high intensity events (HIE) with inertial measurement units. 

Changes in external load between high- and low-responders were analyzed with t-tests (three 

first- vs. three last measurements), single-cases with Nonoverlap of all Pairs (NAP) as well as 

correlations between changes in external load and the combined 1RM, force and FFM 

(composite change score). Results: There were no significant differences between or within 

responders in change in external load (p>0.05) or any correlations between changes in the 

composite score and external load (r= -0.04- -0.20, all p>0.05). The NAP analyses revealed 

no significant differences on an individual level (effect sizes: PlayerLoad: 0-0.66, HIE: 0.25-

0.61). Conclusion: These findings indicate that changes in maximal leg extensor strength and 

fat-free mass do not influence match-related in-season handball PlayerLoad and HIE 

measurements.   

 

Key-words: resistance training, handball, external load, PlayerLoad, high intensity events  
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Abbreviations 

 

LPS    Local Positioning systems 

IMU    Inertial Measurement Unit 

HIE    High Intensity Events 

PL    PlayerLoad 

RFD    Rate of Force Development 

Acc    Acceleration 

Dec    Deceleration 

COD    Change of Direction 

1RM    One-Repetition Maximum     

GPS    Global Positioning System     

VJ    Vertical jump 

RCT    Randomized Controlled Trial      

SWC    Smallest Worthwhile Change 

CV    Coefficient of variations 

TE    Typical Error      

FFM    Fat-Free Mass      

Fmax    Force Maximum 

Fmax/kg   Force maximum Relative to Bodyweight 

DXA    Dual-x-ray-absorptiometry 

Hz    Hertz 

RIR    Repetition in Reserve 

NAP    Nonoverlap off All Pairs 
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Structure of the thesis 

 

Part 1: Includes a section of the theoretical background for the study, a methodological 

chapter detailing how the study was performed, and a section that discuss this methodology.  

 

Part 2: Presents a research paper, written by the guidelines from the open access of the 

Scandinavian Journal of Medicine & Science in Sports. This part takes the form of an AMA-

style manuscript including an introduction, methods, results, discussion, strength and 

limitations of the study, as well as perspectives.  

 

Part 3: Presents attachments including detailed training programs, approval, informed consent 

for the participants, as well as an application for ethical approval.  
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1.0 Introduction 

Team handball is not only a very popular sport enjoyed by people worldwide, but it is also an 

Olympic sport played professionally in many European countries (Hammami et al., 2019; 

Manchado et al., 2013). The game is divided into two halves of 30 min each, and is 

characterized by two teams shifting between offensive and defensive play. The defenders try 

to prevent the opponents from approaching the goal, and in these actions the athletes have a 

lot of body contact (Marques, 2010). The sport thus require different physical attributes, such 

as strength, explosive power, speed and endurance (Manchado et al., 2013; Marques, 2010). 

Throughout the game, all of the physical and technical-tactical elements are of great 

importance (Manchado et al., 2020). They are closely related to each other, which makes 

handball a particularly complex sport (Manchado et al., 2020). It is one of the fastest team 

sport and alternates between high- and low-intensity activities and movements, some intense 

and short and some longer periods of lower intensity (Manchado et al., 2013). Handball play 

is characterized by repeated jumps, sprints, changes of direction, body contact at high speed, 

and specific technical movement patterns occurring in response to the varying tactical 

situations of the game (Karcher & Buchheit, 2014; Manchado et al., 2013).  

When discussing success and results in handball, anthropometric characteristics such as body 

size and body mass plays a highly important role (Manchado et al., 2013). Research has 

shown that elite female handball players have higher values in different physical demands 

than the amateur players (Granados et al., 2007). According to some research, taller and more 

powerfully built players may have an advantage (Granados et al., 2007). This is evidenced by 

the fact that elite female handball players outperform the amateur players in terms of body 

height, fat-free mass, sprint and endurance running abilities, as well as ball throwing velocity 

(Granados et al., 2007). This gives the elite players an advantage in sustaining forceful and 

frequent muscle contractions required during certain handball game actions (Gorostiaga et al., 

2005).  

Research has shown a significant relationship between high-intensity actions and lower limb 

strength and power (Bragazzi et al., 2020). Therefore, both strength- and power-training 

should be monitored to make sure that the athletes maintains a high level of strength 

throughout the competitive season (Bragazzi et al., 2020). To improve athletic performance in 

elite athletes, the use of training programs designed to increase underlying strength and power 
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qualities is commonplace, and this relationship between strength assessment and performance 

holds significant importance for research regarding strength and conditioning (McGuigan et 

al., 2012; Nuzzo et al., 2008). Although this connection does not necessarily imply a causal 

relationship, it can assist researchers in selecting suitable tests for evaluating the effects of 

experimental interventions on strength, power and other performance metrics (Nuzzo et al., 

2008). Furthermore, a deeper comprehension of strength assessments and their correlation 

with lower body force, velocity, and power may offer further evidence for the incorporation 

of specific training approaches (Nuzzo et al., 2008). How these parameters change during a 

season in elite handball players is to date, unclear (Marques, 2010). 

 

To meet actual on-court playing demands, there is a need to examine, develop and implement 

optimal physical training regimes in modern female team handball (Michalsik et al., 2014).  

Through continuous observation of the players actions during match-play, time-motion 

analysis enables researchers and handball coaches to gain insights into the physical demands 

imposed on their players (Ziv & Lidor, 2009). Local positioning systems (LPs) with an 

inertial measurement unit (IMU) have been developed in the past decade (Luteberget, 

Spencer, et al., 2018). When examining the physical demands of team sport, the athletes total 

effort is often assessed by measuring their overall workload (Luteberget, Spencer, et al., 

2018). This workload is determined by both the intensity and duration of the tasks performed 

and is commonly quantified using parameters like total distance covered and distance covered 

in different speed zones (Luteberget, Spencer, et al., 2018). Using variables such as number of 

sprints, number of accelerations or distance covered above a predefined speed threshold, high 

intensity events (HIE) and Player Load (PL) can be reported (Luteberget, Spencer, et al., 

2018). To improve individualization of physical preparation, it is necessary to get better 

knowledge of on-court demands of handball players at the highest level (Manchado et al., 

2020). Specific to team handball, there is a lack of research (Luteberget & Spencer, 2017). 

There is also a need for more research on whether change in physical performance can 

influence these parameters.  

 

It is not investigated if changes in physical and anthropometric parameters can influence on-

court performance. It is neither investigated if in-season resistance training-induced changes 

in maximal lower-body strength and fat-free mass could influence changes in match-related 

handball external load measurements. 
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1.1 Purpose  

The purpose of this study is therefore to investigate if in-season resistance training-induced 

changes in maximal lower-body strength and fat-free mass could influence changes in match-

related handball external load measurements. 

2.0 Theoretical framework 

2.1 Handball and physical demands  

Handball is characterized by fast transitions between offensive and defensive actions and 

these attack phases are dynamic, consisting of fast movements and a high frequency of fast 

passes (Manchado et al., 2020; Marques, 2010). Whether handball players play in offensive or 

defense during a match, the players must be physically trained to maintain the game´s speed 

and intensity and perform at a high level throughout the entire game (Manchado et al., 2020; 

Marques, 2010). 

 

The game of team handball has evolved substantially over the last decades (Michalsik et al., 

2014). Therefore, handball has become more physically demanding and so has the 

requirements for female elite team handball (Hermassi et al., 2014; Michalsik et al., 2014). 

Modern elite team handball has transformed into a fast and intense game performed by well-

trained players, with the intensity of game-play elevated (Michalsik et al., 2014). This is 

because of the high number of matches combined with a higher amount of training, including 

a change of rule that allows a quick throw-off, which has led to an increased number of 

attacks during match play (Ronglan et al., 2006). This makes handball an explosive sport, and 

all of the explosive movements like sprints, jumps, change of direction and explosive ball 

throwing appears during training and match play (Marques, 2010). 

 

Because of this, and that the sport is characterized by high intensity actions performed at high 

velocities, success depends partly on well-developed muscular strength (Carvalho et al., 

2014). In general, there is a direct correlation between muscle-cross-sectional area and 

absolute strength (HÄkkinen et al., 1984). This means that a larger muscle tends to be a 

stronger muscle, and this observation could suggest that increasing muscle mass can result in 

enhanced athletic performance (Young et al., 2019). Maximal power production is influenced 

by the fundamental quality of strength, and short-term muscle power has become crucial in 

may decisive game situations (Cormie et al., 2011b; Hermassi et al., 2014). For handball 

players to have an advantage in blocking, hitting, and pushing of ball throwing velocity, most 
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researchers agree that higher maximal power and strength may be associated (Manchado et 

al., 2013).  

 

Essential components of overall training includes strength and power, and therefore handball 

players often train these traits through the season (Hammami et al., 2019). Efficiency of 

training is a key issue for athletes and coaches at all levels, and therefore it is crucial to 

maximizing the transfer of training to performance (Young, 2006). In order for coaches to 

effectively incorporate all the important performance factors involved in the complexity of 

team handball, it is important to develop good and effective strength and conditioning 

programs that provide information on training-related issues (Luteberget, Trollerud, et al., 

2018; Ziv & Lidor, 2009). To help coaches select the optimal training stimulus to improve 

individual performance of their athletes, understanding the effects of specific strength and 

plyometric training on body composition, vertical jump performance and muscular strength is 

important (Carvalho et al., 2014).  

 

2.2 Importance of muscle mass and maximal strength for athletic performance  

2.2.1 Muscle mass 

As written earlier; a larger muscle tends to be a stronger muscle because of the direct 

correlation between muscle-cross-sectional area and absolute strength (HÄkkinen et al., 1984; 

Young et al., 2019). To give the whole handball team an advantage to sustain the forceful 

muscle contractions required during some game actions, strength and power exercises should 

be emphasized in the conditioning routine (Manchado et al., 2013). This is to improve the 

percent of muscle mass and the required levels of maximal explosive strength of the upper 

and lower extremity muscles (Manchado et al., 2013). Body composition is well known to be 

relevant to performance with particular attention on the rations of fat and lean mass (Kale & 

Akdoğan, 2020). It is ideal for successful handball players to have a high fat-free body mass 

and less body fat (Eler & Joksimovic, 2019). Several studies have demonstrated that handball 

players present distinct differences in their body size and shape when compared to the general 

population (Olds et al., 1996). Players that have a higher skill level are taller and have a 

higher fat-free mass, and elite players are heavier, have a higher fat-free mass and higher 

body mass than amateur players (Manchado et al., 2013; Ziv & Lidor, 2009). Therefore, a 

high body mass and specifically high fat-free mass is advantageous in handball, and somatic 
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traits can be one of the predictors of success in this sport (Olds et al., 1996; Ziv & Lidor, 

2009).  

 

An additional advantage of increased body mass for athletes is the potential to move with 

grater momentum (Young et al., 2019). As momentum equals mass multiplied by velocity, a 

heavier athlete running at a constant velocity will possess greater momentum. This increased 

momentum can have practical benefits, such as enhancing an athlete´s ability to withstand 

collisions. However, it´s important to note that if an athlete gains body mass over time, their 

running momentum will only increase if their velocity does not decrease enough to offset the 

momentum gained. Therefore, it may be difficult to achieve a higher velocity and run faster 

after gaining body mass (Young et al., 2019). However, the above discussion uncovers that 

body mass gains can be beneficial by possessing increased inertia, but in many cases, the 

benefits are often only achieved if the increase in strength is proportionally greater (Young et 

al., 2019). 

 

2.2.2 Maximal strength  

Maximal strength can be defined as “one´s ability to exert maximal force against an external 

resistance and requires a maximal voluntary contraction” (Thompson et al., 2020). Muscular 

strength has been characterized as the capacity to apply force to an external object or 

resistance (Suchomel et al., 2016). In several sports where an athlete need to generate force 

against their own body´s resistance, relative strength (strength relative to body mass) can be 

more advantageous than developing absolute strength (maximum strength capacity regardless 

of body size) (Young et al., 2019). Depending on the requirements of their specific sport or 

event, an athlete may need to generate significant force against gravity in order to control 

their own body weight, control their own weight combined with their opponent´s, or 

manipulate an object or projectile (Suchomel et al., 2016).  

 

For success in elite handball, maximal strength and power are considered as major 

determinants and many studies have highlighted the major role of the lower limb strength and 

power (Bragazzi et al., 2020). Maximal power represents “the greatest instantaneous power 

during a single movement performed with the goal of producing maximal velocity at take-off, 

release or impact” (Cormie et al., 2011a). Prior research has suggested that achieving a high 

level of muscular strength is essential for effectively utilizing techniques during handball 

competitions and that muscular strength is one of the underlying determinants of strength-
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power performance (Lijewski et al., 2021; Suchomel et al., 2016). An individual cannot 

possess a high level of power without first being relatively strong, this is because it exists a 

fundamental relationship between strength and power (Cormie et al., 2011b). Stronger 

individuals have superior power production capabilities than significantly weaker individuals  

(Cormie et al., 2010). 

 

Numerous studies have shown significant correlations between sprinting across different 

distances and a variety of measures related to strength and power (Young, 2006). These 

connections between strength and power and sprint performance suggest that the muscle 

functionality evaluated through strength and power tests shares some similarities with athletic 

performance (Young, 2006). According to Young (2006) is it important for various sports to 

have the ability to generate relatively high forces against large resistance (strength) and to 

produce a high work rate (power) (Young, 2006). Often, handball players needs to develop 

high values of power in a very short time to have an advantage in all of the applied techniques 

such as passes, throws, jumps, starts, changes of running direction, as well as the technical 

and tactical behaviors (Spieszny & Zubik, 2018). These activities depends not only on 

maximal strength, but also on power and agility and therefore, power applies to the vast 

majority of sports (Cormie et al., 2011a; Hermassi et al., 2017) 

 

In terms of athletic performance, two of the most crucial performance characteristics are 

considered to be high rates of force development (RFD) and successive high external 

mechanical power (Suchomel et al., 2016). RFD is the rate of rise in force over the change in 

time, and can also be termed “explosive strength”. Numerous studies suggest that resistance 

training is beneficial in enhancing an individual´s RFD by building strength. The 

development of muscular strength can impact essential force-time attributes that are relevant 

to performance. Theoretically, the improvement of force-time characteristics should translate 

into an enhanced capacity to execute fundamental sporting skills (Suchomel et al., 2016). 

According to mathematical principles, individuals that can exert more force within a specific 

time frame (greater impulse), should be able to achieve the highest velocity when accelerating 

or changing momentum (Suchomel et al., 2016). There is a strong correlation between 

maximal strength and RFD, which makes it logical to assume that an individual´s sprinting 

performance is linked to their level of strength. Previous research has demonstrated that 

improvement in strength are associated with enhancements in short sprint performance 

(Suchomel et al., 2016). 
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In sports that involve sprinting, particularly in small playing areas with limited sprint 

distance, horizontal acceleration is required and rapid change-of-direction (COD) tasks are 

among the most frequently performed activities during matches in elite handball (Karcher & 

Buchheit, 2014; Suchomel et al., 2016). COD consists of acceleration, followed by a 

deceleration, before re-accelerating into a new direction (Falch et al., 2022). It is determined 

by a mix of different motor skills, such as linear speed, ability to decelerate rapidly, and 

reactive strength (Sheppard & Young, 2006). The ability to decelerate is important in 

situations where an attacker aims to create space from a pursuing defender (Suchomel et al., 

2016). When comparing tasks involving COD speed over short distances it would appear that 

strength and power measures have an influence on COD speed, and as a result, an athlete´s 

strength and body mass characteristics can also impact their ability to perform COD speed 

and agility movements (Sheppard & Young, 2006; Suchomel et al., 2016).  

 

2.3 Strength training for increased muscle size, strength and athletic performance  

To enhance dynamic performance, there are a variety of resistance training methods (Wilson 

et al., 1993). To result in optimal performance gains in dynamic sports such as sprinting, 

jumping and throwing, there appear to be three distinct schools of thoughts: traditional weight 

training (80-90% of 1 repetition maximum (1RM) for 4-8 repetitions), plyometric training 

(the accelerations and deceleration of body weight is used to overload the exercises), and 

power training (approximately 30% of 1RM at high speed) (Wilson et al., 1993). It is a 

common practice among team sports coaches when aiming to optimize the player´s 

performance during the in-season period to combine general strength training with specific 

power or plyometric exercises such as plyometrics (Carvalho, 2014). Combining strength and 

power training seems to be more efficient in improving muscular power compared to strength 

or power training alone (Ebben, 2002).  

 

2.3.1 Muscle size 

The development of muscle mass (hypertrophy) through resistance training (RT) is a common 

goal in strength and conditioning (Young et al., 2019). Strength training offers significant 

benefits for athletes who aim to increase their muscle mass (McGuigan et al., 2012). Muscular 

hypertrophy is one of the most noticeable physical adaption resulting from heavy resistance 

training (Fry, 2004). For increasing strength and power, gaining muscle mass is considered 

desirable, as well as for increasing body mass in certain sports (Young et al., 2019). It is well 
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documented that heavy resistance training increases maximal voluntary strength and cross-

sectional area in females (Jensen et al., 1997).  

 

While various RT training loads can effectively lead to hypertrophy development, 

emphasizing relatively heavy loads is crucial for maximizing strength gain (Young et al., 

2019). Multiple studies have determined the effectiveness of low-volume RT training 

performed using either high (≥ 85% 1RM) or maximal loads (i.e. at or very close to the 1RM) 

in enhancing strength and muscle hypertrophy (Fyfe et al., 2022). 

 

2.3.2 Maximal strength 

For increasing maximal strength, research has shown that resistance training with external 

loads corresponding to 80-100% of 1RM for few repetitions (4-8) is most effective for 

optimal increases (Marques, 2010; Wilson et al., 1993). This method has also been shown to 

enhance power and movement speed (Wilson et al., 1993). Another research has shown that 

maximal strength gains are obtained among athletes who train at a mean training intensity of 

85% of 1RM, 2 days per week, and 8 sets per muscle group as a mean training volume 

(Peterson et al., 2004). A mean training intensity of 50-70% of 1RM will show minimal 

strength increases, this can be seen by the dose-response curve. Further examination of this 

curve reveals that as the mean intensity approaches 85% of 1RM, there is an upward trend in 

strength development as the intensity increases (Peterson et al., 2004). Increases in muscular 

strength will result from a regular exposure to heavy resistance exercise (Fry, 2004).  

 

Maximal strength and power production in sport depends on a series of neuromuscular factors 

(Cormie et al., 2011a; Young, 2006). It appears to be critical in sports that require optimal 

combinations of muscle strength and speed to maximize optimal performance, the ability of 

the neuromuscular system to produce maximal power output (Izquierdo et al., 2002). To 

optimize the force-velocity relationship and increase muscle power output, neuromuscular 

strength and power adaptions are extremely important (Cormie et al., 2007).  

 

Improvement in strength, power, and speed has been shown through strength and resistance 

training in a number of athletic populations (McGuigan et al., 2012). According to research, 

well-planned resistance exercises with focus on maximal strength and power are more 

effective in developing muscular power, and induce a comparable increase in jumping ability 

as plyometric exercises (Spieszny & Zubik, 2018). Falch et al. (2022) research showed that in 
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young female handball players, both strength and plyometric training was indicated to be 

effective in enhancing performance in different strength, plyometric, and power tests (Falch et 

al., 2022). It is worth noting that strength training produces different effects than those 

resulting from explosive resistance training. Furthermore, the impact of strength training on 

the strength-speed curve can vary depending on the load applied (Spieszny & Zubik, 2018). 

 

2.3.3 Athletic performance 

Research has shown strong relationship between the development of physical capacities such 

as force production, power, and RFD using strength training and sport-specific skills such as 

speed and agility (McGuigan et al., 2012). The muscle function assessed by strength and 

power tests has some commonality with performance, because of the significant relationship 

between strength and power and sprint performance (Young, 2006). In team sports, the 

demands of sprinting are often characterized by frequent changes of direction rather than 

running in a straight line (Falch et al., 2022). To be a successful sprinter, one must possess the 

ability to quickly react (reflex speed), accelerate for as long as possible (power), achieve the 

highest attainable running speed (maximum velocity), sustain this velocity for as long as 

possible (maximum speed endurance), and minimize the reduction in speed caused by fatigue 

(Smirniotou et al., 2008). For coaches to help improve the quality of training programs 

according to the specific needs of their athletes, the evaluations of strength-power parameters 

would allow coaches to predict sprinting performance during the training seasons (Smirniotou 

et al., 2008). Therefore, it is important to increase the time dedicated to sprint training and leg 

muscular strength, but should be accompanied by a decrease in the total of the physical 

training volume, and be specific to the actual demands of women team handball (Manchado et 

al., 2013). 

 

Research has indicated significant correlations between a range of measures of strength and 

power and sprinting performance over various distance (Young, 2006). Based on these 

results, it is a reason to believe that an improvement in strength and power may lead to 

improvement in sprint performance. It needs more research in this topic related to the fact that 

correlations does not indicate cause and effect. For improving maximum strength in a squat 

test, high-resistance weight training of the leg-extensor muscles is effective, but this has not 

transferred to sprint speed. Similar findings have been reported for power training, although 

sprint performance may be more related to power than to strength (Young, 2006).  
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For getting better CODs, a greater magnitude of force to change momentum is required, and 

applying force for a longer time (Falch et al., 2022). This is to create a propulsive force to re-

accelerate into a new direction. To positive influence COD performance, increasing strength 

relative to bodyweight is suggested, as force is a product of mass x acceleration. This is to 

tolerate the higher loads. Also, research has shown that performing plyometric exercises at 

higher muscular contraction velocities can enhance COD performance (Falch et al., 2022).  

 

2.4 Tracking on-court handball match-play   

Monitoring player workload has become increasingly important in recent years to better 

understand the impact of workload on athletic performance, fatigue, and injury risk (Müller et 

al., 2022). In sports, the physical demands can be classified as either internal or external 

workload. Internal load refers to the psychological and physiological responses that occur as a 

result of external loads. Indicators of internal load include ratings of perceived exertion and 

heart rate. External load refers to the physical activity performed during training or 

competition, such as the distance covered, velocity generated, accelerations, changes in 

direction, or jumps executed. This can be measured using inertial measurement units (IMUs) 

which have demonstrated adequate validity in measuring accelerations and decelerations in all 

three orthogonal axes (Müller et al., 2022).  

 

2.4.1 External load match assessment 

Local positioning system (LPS) and Inertial measurement unit (IMU) 

Global Positioning System (GPS) is a network of satellites that enable tracking devices to 

obtain information on both their location and the current time (Malone et al., 2017). At all 

levels of individual and team sports, commercial GPS systems have become a prevalent tool, 

but during indoor competitions, this method becomes unavailable (Boyd et al., 2011; Malone 

et al., 2017). Therefore, local positioning system (LPS) have been developed, and most of the 

commercially available LPS devices contain an inertial measurement unit (IMU) (García-

Sánchez et al., 2023). The development of this small wearable IMUs have provided new 

possibilities to investigate the physical demands in indoor sports (Luteberget & Spencer, 

2017). The IMUs consist of accelerometers, gyroscopes and magnetometers, and has allowed 

for more detailed quantification of both high-intensity, sport-specific actions and external load 

(Wik et al., 2017). These devices facilitate detailed movement analysis and can provide a 

conceptual framework by having detailed information about the movements such as the 
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distance covered by players, the velocities of their movements, and positioning in 2-

dimensional space during a game (Manchado et al., 2013). Therefore, the devices provide an 

alternative to labor-extensive video coding (Luteberget & Spencer, 2017).  

 

It has become popular to measure distance, acceleration, decelerations and ability to change 

direction in relation to handball match and training using the IMU system and it is already a 

common practice in team sports such as Australian Football, field hockey, rugby and soccer to 

use for physical activity profiling (Luteberget & Spencer, 2017; Wik et al., 2017).  

 

PlayerLoad (PL) and High Intensity Events (HIE) 

PlayerLoad  has been developed as a measure of physical performance based on changes in 

acceleration, with the aim of capturing non-running based work such as jumping, changes of 

direction and tackles (Wik et al., 2017). The IMUs commonly utilize three-dimensional 

accelerometer data to compute the PlayerLoad (García-Sánchez et al., 2023). This would not 

be captured as precisely using traditional time-motion analysis alone (Wik et al., 2017). 

PlayerLoad has gained significant traction over the past few years and is now one of the most 

commonly used variable for tracking external load (García-Sánchez et al., 2023). High 

Intensity Events is referred to as the sum of all accelerations, decelerations and change of 

directions (Luteberget & Spencer, 2017).  

 

Previous research 

In a study by Wik et al., 2017, female handball players were tracked using the IMU system 

during matches. In the analysis, consecutive 5-minutes periods fulfilling the inclusion 

criterion for field time were analyzed. The results showed that the outfield players had a mean 

value of 9.52 ± 1.1 in PlayerLoad/min ± SD (Wik et al., 2017). Another study by Luteberget 

et al., 2018 showed that the female handball-players had mean values of PlayerLoad * min-1 

for all players combined at 9.71 ± 0.3, *min-1, playing 6 vs 6 for 5 minutes (Luteberget, 

Trollerud, et al., 2018). Mean values for HIE were 3.03 ± 0.17 *min-1 (Luteberget, Trollerud, 

et al., 2018). Another study by Luteberget & Spencer (2017) showed that the mean HIE for 

the players were 3.90 ± 1.58 HIE/min (Luteberget & Spencer, 2017). 

 

2.5 In-season training and physical performance  

Athletes develop muscle size, muscular strength and power during the preparatory period, and 

the task is to maintain or even improve these levels during the competitive period (Spieszny 
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& Zubik, 2018). In elite team handball, it has not been very clear how parameters like muscle 

size, strength and sprint abilities change during the season (Marques, 2010; Marques & 

González-Badillo, 2006). Some research suggest that the strength and power of players can be 

preserved and increased with in-season strength and conditioning training, and that training 

sessions performed twice a week can increase muscle strength of athletes (Hermassi, Chelly, 

et al., 2019; Spieszny & Zubik, 2018). Although; for improving adaptions during a long-term 

in-season period, increasing overall training volume does not always provide a better stimulus 

(Marques, 2010).  

 

When a group of male handball players supplemented their regular in-season training with an 

8-week program of heavy biweekly resistance exercises, they experienced improvements in 

peak power output for both upper and lower limbs, substantial gains in vertical jumping and 

sprint performance, as well as increases in muscle volume and 1RM strength (Hermassi et al., 

2011). This was also showed in another study were the results indicates that adding strength 

training to their normal handball training enhanced the maximal strength of the lower 

extremity and jump performance, and this could also enhance the repeated sprint ability 

(Hermassi et al., 2017).  

 

Another research showed that an in-season weightlifting training program can enhance the 

peak power output of the limbs (Hermassi, Schwesig, et al., 2019). The athletes in this study 

replaced a part of their normal in-season training with a 12-week program of biweekly 

weightlifting exercises. They had an increase in the rate of force development which 

presumably is because of the high weightlifting loading (60-86% of 1RM) (Hermassi, 

Schwesig, et al., 2019). 

 

A training program with heavy loads and slow contractions can lead to increased strength and 

not increase power, even lead to a reduction, while others have suggested that this type of 

training can increase power (Aagaard et al., 1994). Granados et al. (1999) findings showed 

that the athletes who performed this strength training increased significantly in maximal 

dynamic strength of the leg extensor and the upper extremity muscles (1RM) (12.2% and 

23%, respectively) (Gorostiaga et al., 1999).  

 

It exist moderate to high correlations between the relative maximum strength and the 

parameters of the change of direction (Keiner et al., 2013). When soccer players added 
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strength training to their normal training it had a positive effect on the performance in the 

change of direction and maximum strength in the front and back squat relative to body weight 

(Keiner et al., 2013). 

 

The athletes body composition are also of great importance during in-season training. 

Carvalho et al. (2014) research looked at the impact of an in-season strength training program 

combined with plyometric exercises on vertical jump (VJ) performance, maximum strength 

development of lower limbs and body composition. The results showed an improvement in 

jumping height, greater development of maximal peak torque of the lower limbs and also a 

decrease in body fat percentage (Carvalho et al., 2014).  

3.0 Method 

This project is a part of a larger research project, a randomized controlled trial (RCT), that 

compares two different training programs on adaptions and physical performance measures. 

In order to better investigate whether meaningful physiological changes affect the external 

load measurements, the training groups were combined into one group and players were 

classified as high- vs. low-responders. Overall, this project includes 4 master theses` and other 

tests will therefore only be presented in brief after the outcome tests for the current thesis. 

 

3.1 Study Design 

The current study was a pre-post intervention where female handball players followed two in-

season resistance exercise programs and were subsequently divided into groups of high- and 

low-responders based on changes in muscle size and strength. All the players did 

familiarization, pre-tests before they trained their program for 12 weeks followed by post-

tests. Throughout the training period the participants were tracked with Catapult system in 

handball practice through a standardized play. 

 

3.2 Subjects  

Two female handball senior sub-elite teams took part in this study (n=34). The players where 

20 ± 2.8 years, 170.1 ± 6 cm in height, and 68 ± 11.1 kg in body mass. To be included, the 

subjects needed to be active handball players between 16 and 35 years of age and have 

experience with resistance training. The participants could not participate if they had any 

injuries that prevented them from training and performing at a maximum capacity in the 

strength tests. Additionally, pregnant participants were not permitted to participate.   
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Matched pair of players based on playing positions in each team were randomly assigned into 

two groups; one performing only heavy-load resistance training (n=17), and the other 

performed lower-load power and plyometric training (n=17). Thereafter, the groups were 

pooled and high- and low responders were chosen based on whether changes in lower-body 

strength and fat-free mass were higher or lower than the smallest worthwhile change (SWC) 

and coefficient of variations (CV) of the chosen tests, respectively. Lower-body strength was 

measured as 1 repetition maximum (1RM) squat and relative strength in Keiser leg press as 

well as fat-free mass (FFM) in legs. The SWC threshold is normally set by multiplying the 

baseline between-participant standard deviation by 0.2 (Swinton et al., 2018). In this study we 

used a value of 0.3 times the between-individual standard deviation. CV (TE) is estimated by 

computing the difference score for each participant, followed by calculating the standard 

deviation of these difference scores, and finally dividing the results by 2- (Swinton et al., 

2018). The SWC for the 1RM squat was 4.1kg (CV 7.0) and 1.1 n/bodyweight for Keiser (CV 

1.8) (Lindberg et al., 2022). For the FFM in legs the SWC was 510g (CV 180g). By doing 

this, we were able to separate the participants who had a meaningful training response. The 

participants were sorted out based on the SWC and CV, and then split into two groups; high-

responders (those who were above SWC in fat-free mass legs, 1RM in squat or/and Keiser) 

(n=8) and low-responders (n=23, without keepers n=19). These groups where then compared 

to the results of the Catapult data.  

 

For the analysis, we defined the pre-test for the external load data for both PL and HIE as the 

average of the first three measurements, and the post-tests as the average of the last three 

measurements. To be included in the analysis, the participants needed to have at least two 

measurements per pre-post to get an average value. Participants with only one measurement 

were excluded. Additionally, four athletes had values above the SWC and 2*CV, and they 

were classified as super-responders.  

 

3.3 Ethics 

All the participants were informed about the potential risks of participating in the study 

(appendix 4). Participation was voluntary to participate so they could leave the intervention at 

any given time without reason. They were informed that all results would only be used 

anonymously. The participants needed to give written consent before participating. All of the 

participants were insured through the University of Agder. The declaration of Helsinki was 

followed. We had applied for approval from the Local Ethical Committee at the University of 
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Agder (appendix 2). Approval did be sought to safeguard the privacy and to secure data 

storage for the Norwegian center for research data (NSD) (appendix 3).  

 

3.4 Testing 

The physical tests found place at the laboratory at the University of Agder. The participants 

were instructed not to perform hard training (e.g. sport-specific or endurance based) or any 

resistance exercises the day before or on the same day as the testing. Before the testing began, 

the participants rated their perceived recovery status (Laurent et al., 2011) as well as their 

current menstrual cycle phase. We also measured their height (seca) and body weight (seca 

gmbh & co. kg, Hammer Steindamm 3-25, 22089 Hamburg, Germany). All of the tests were 

completed in a standardized order.   

 

There were 1-2 weeks in the start of august where the habituation period took place (week 31-

32). Then, 1-2 weeks with baseline testing (week 33-34). Training did start in week 35-36 and 

the post-test took then take place in week 46-47.   

 

3.4.1 Keiser leg press 

Seated leg press was tested using Keiser A300 horizontal leg press dynamometer (Keiser 

sport, Frescno, CA, USA) which is device with pneumatic resistance. The position of the seat 

was adapted to each participant. The femur should be vertical, with a knee joint angle of 80-

90 degrees. The participants did first a warmup and a test attempt before they entered the test. 

The 10-repetition test from the associated Keiser software was used where the resistance 

starts low and gradually increases, whereby a set point is estimated and chosen before the test 

by the test leader. The resistance increments between each repetition are pre-programmed 

based on the resistance set-point. Participants were instructed to move the pedals as quickly as 

possible to get the highest power. The resting periods increased gradually with increasing load 

until failure was reached. Failure was defined as the first resistance they were unable to 

extend both legs while remaining in a seated position. The results were retrieved from an 

associated software and the theoretical force maximum (Fmax) was extrapolated based on the 

force-velocity relationship. Both absolute Fmax and relative to body weight (Fmax/kg) was 

obtained.  
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3.4.2 Back squat 

Squat 1 repetition maximum (1RM) was tested using a protocol from Cormie et al. (2010). 

We used the participant´s 1RM from the familiarization to estimate the load for both 1RM 

and the warmup series before the attempt during baseline. The participants did first a series of 

warm-up sets; 4-6 repetitions at 30% of their estimated 1RM, 3-4 repetitions at 50% of 

estimated 1RM, 2-3 repetitions at 70% estimated 1RM, and 1-2 repetitions at 90% estimated 

1RM. Resting periods were set at 3 minutes. A series of maximal lift attempts were then 

performed until 1RM was obtained. The goal was to reach the 1RM in less than five attempts, 

separated by 5 minutes of recovery. The participants needed to reach a relative knee angle 

(angle between the midline of the lower leg and the midline of the thigh) so the femurs were 

parallel (this dept was visually monitored) otherwise the attempt was not considered 

successful (Cormie et al., 2010). We gave feedback to the participants about the dept of their 

squat. For safety reasons the test was done in a squat rack with safety arms.  

 

3.4.3 Dual-x-ray-absorptiometry (DXA) 

Legs fat-free mass (FFM) was measured in a Dual-x-ray-absorptiometry (DXA) machine 

(Lunar iDXA, GE, Healthcare, Madison, WI) according to standard procedures from 

Olympiatoppen. The device was calibrated daily. During the scan, the participants wore shorts 

and a t-shirt, removed all metal accessories, and refrained from wearing shoes. The scan 

results were proceeded using Lunar Prodigy (version 15, encore, Madison, WI 53718 USA) 

 

3.4.4 On-court performance  

To investigate the outfield players (excluding goalkeepers) on-court handball-specific 

performance, an accelerometer from Catapult (version 7.40, OptimEye S5) was used (inertial 

measurement units [IMU]). The participants received a custom-made vest they needed to use 

during the activity (Catapult Sports, Australia). The vest consists of small monitoring devices 

located on the upper back, between the shoulder blades (Luteberget & Spencer, 2017). Before 

the training started, the device was installed underneath their training jersey (Luteberget, 

Trollerud, et al., 2018). The handball players used the vests during handball practice 8 times, 

once per week from weeks 1-2 to 10-11. All participants used the same IMU for the 

monitoring. After their regular handball practice, the players simulated a match playing 6 

against 6 for 5 minutes, two times, with 3-5 minutes rest between. The purpose of the training 
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drill based in the game was to simulate a match-like environment. Therefore, the rules 

remained identical to those of official matches (Luteberget, Trollerud, et al., 2018).  

 

PlayerLoad  

To measure the intensity for each player during this play, PlayerLoad relative to playing time 

and high-intensity events (HIE) was used. PlayerLoad is a measurement based on 

accelerometer of external physical loading of team-sport athletes (Luteberget & Spencer, 

2017). PlayerLoad is defined as “instantaneous rate of change of acceleration divided by a 

scaling factor and is expressed as the square root of the sum of the squared instantaneous rate 

of change in acceleration in each of the three vectors (x,y, and z axes) divided by 100 Hz” 

(Luteberget & Spencer, 2017). The equation for calculating PlayerLoad is described as 

 

where ay = forward acceleration, ax = sideways acceleration, and az = vertical acceleration 

(Wik et al., 2017).  

 

High intensity events  

To classify events as either acceleration, deceleration or change of direction, the direction of 

the applied force is calculated for each event (Luteberget & Spencer, 2017). Any event with a 

value >2.5 m * s-1 was classified as either an acceleration, deceleration or COD, and the sum 

of all these events is referred to as HIEs (Luteberget, Trollerud, et al., 2018; Luteberget & 

Spencer, 2017).  

 

The data obtained from the IMUs were transferred to Catapult Sprint through a USB interface 

and subsequently exported to Microsoft Excel (version 16.66.1) (Wik et al., 2017). The data 

were then analyzed with the following software (version 2.5.0, Openfield, Catapult 

Innovations, Melbourne, Australia). In this software we manually tracked interchanges to 

ensure that only time spent on the field was included in the analysis. To reduce the variability 

in reporting absolute values caused by variations in match length and individual on-field time, 

all variables of interest were normalized per minute of on-field time (Luteberget & Spencer, 

2017). Using the Catapult Sprint Software, PlayerLoad, accelerations, decelerations and COD 

were extracted from the raw files (Luteberget & Spencer, 2017).  
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Other tests that are also included in the project: muscle biopsy, muscle size and muscle 

architecture, body composition and bone mineral density, upper- and lower-body power, 

sprint, throwing velocity, changes in direction ability, vertical jump, isometric strength and 

electromyography.  

 

3.5 Training 

Over the 12-week training period, each group performed strength or power-plyometric 

training twice a week including one supervised session, in addition to their regular handball 

training. Both groups received individual adjustments according to the given guidelines. The 

high-load group did 2-6 sets for each muscle group at 80-85% of their one repetition 

maximum (1 repetition in reserve (RIR)), whereas the power-plyometric group performed 75-

90 bodyweight jumps and 2-4 sets of 3-6 power exercises at 50% of their one repetition 

maximum. After 6 weeks of training, some exercises in the programs were changed. For 

detailed training programs, see appendix 1.  

 

The two first sessions for both groups were performed at a lower intensity. The strength 

training group had 3 repetition in reserve (RIR) and did 2 sets per exercise for the first session 

and 2 RIR for the second. The power training group did also performed 2 sets per exercise 

and did every exercise with 80% effort the first session, 90% the second, and then 100% for 

the following sessions.  

 

Session A should preferably be performed the following 1-2 days after a match, and session B 

the days (1-3) before a match. Session A for both groups were performed together in every 

team on the same day every week, but the athletes could perform the workouts whenever they 

wanted to. These sessions were supervised, except in week 6 when session B was supervised.  

 

3.6 Statistical analysis 

For the statical analysis in this study, Stata (version 17.0, StataCorp, 4905 Lakeway Dr, 

College Station, TX 77845, USA) was used. The data were found to be normally distributed 

based on the Shapiro-Wilk test for normality with a p-value greater than 0.05 and q-q plots. 

Therefore, we performed t-tests (independent and paired) to determine if there were any 

differences within both groups and pre-post. To assess whether there was a correlation 
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between changes in physical performance, changes in fat-free mass (FFM) in legs, and 

changes in external load data, Pearson correlation was used. 

 

To see single-case differences, a Nonoverlap off All Pairs (NAP) calculator was used (NAP 

Calculator | Single Case Research, u.å.). NAP refers to a newly introduced utilization of a 

well-known effect size that has been recognized in different variations (Parker & Vannest, 

2009). Interpretation of effect sizes corresponding to NAP values are interpreted according to 

previous recommendations: 0-.65 = week effects, .66-.92 = moderate effects, .93-.1.0 = large 

or strong effects (Parker & Vannest, 2009).   

4.0 Methodological discussion 

4.1 Main study design   

The overall project was conducted as a randomized controlled trial (RCT) that compares two 

different training programs on physical performance measures. RCTs are considered the gold 

standard for providing high-quality evidence because observational data is prone to bias 

(Bhide et al., 2018). One reason for this is the use of randomization, where participants are 

unaware of their group allocation, also known as concealment (Hariton & Locascio, 2018). 

This method enables any differences in outcomes to be attributed to the study intervention, 

which is not possible with any other study design (Hariton & Locascio, 2018). To further 

reduce bias, RCTs are often blinded, so the participants are unaware of the treatment they are 

receiving (Hariton & Locascio, 2018). However, in this study, blinding was not possible due 

to the nature of the training programs, every participant was aware of their assigned group.  

 

RCTs are often associated with high costs in terms of both money and time investments  

(Hariton & Locascio, 2018). RCTs may also suffer from issues related to generalizability as 

the participants in the study may not accurately represent the larger population. Dropouts may 

occur, leading to fewer participants and reduced statistical power. Therefore, despite their 

advantages, RCTs also have their drawbacks (Hariton & Locascio, 2018). 

 

In our main study, we did not have a control group (non-training group). While it would have 

been interesting to compare the results to such a group to determine the effects of the 

strength- and power-training programs per se, it was not considered ethically possible during 

the in-season period. Athletes needed to maintain their strength and fitness to perform well in 

matches, so it would not have been optimal for them to completely stop training. To address 
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this issue, one potential approach could be to have a control group continue with their regular 

training regimen, but then we had to have a larger number of participants.  

 

4.2 Pre-post study and classifications of high- and low-responders  

The design of the current study involves an experimental study design where two new groups 

were created, high- and low-responders, based on the participants performance in leg extensor 

strength and fat-free mass using Smallest Worthwhile Change (SWC). SWC is defined as “A 

reference value selected by a practitioner or researcher to indicate a value beyond which a 

change in true score is likely to be meaningful in practice” (Swinton et al., 2018). By using 

SWC, it enhance the ability to interpret practical and statistical significance. Rather than using 

zero as a baseline, researchers may find it more useful to identify the minimum amount of 

change that is practically meaningful by setting a threshold value above zero. This threshold 

value is commonly known as the Smallest Worthwhile Change (SWC), and it is usually 

determined subjectively by practitioners based on their experience with similar interventions 

and what they consider to be relevant. Alternatively, objective measures such as effect size 

calculations, such as Cohen´s D, can be used to determine the SWC. A value of 0.2 times the 

between-individual standard deviation at baseline is often considered to be an appropriate 

SWC (Swinton et al., 2018). To ensure a meaningful increase in leg extensor strength and 

FFM values among the participants, stricter requirements were imposed on the high-

responders group. Therefore, we went from “a small effect size” and used a value of 0.3 times 

the between-individual standard deviation. However, this resulted in a smaller sample size 

(n=8), and even fewer (n=7) during the analysis including this group.  

 

Since all observed measurements contains errors, it is important to estimate the potential 

magnitude of such errors and quantify the uncertainty associated with an individual 

measurement (Swinton et al., 2018). The term “test-retest reliability” refers to the degree of 

consistency observed in measurements when they are repeated (Lindberg et al., 2022). When 

analyzing the data of high-performing athletes, ensuring interday test-retest reliability is 

especially crucial, as even slight variations in performance are anticipated. The most used 

method for measuring within-subject variation is the typical error expressed in absolute (TE) 

or relative terms (TE%, also known as the coefficient of variation). The TE% should be as 

low as possible, or at least lower than the magnitude of true changes in performance 

(Lindberg et al., 2022). The signal-to-noise ratio can be determined by comparing the SWC to 

the TE (SWC:TE), and this should ideally be greater than one. In a group test-retest design, 
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the TE estimate is derived by computing the difference score for each participant, followed by 

calculating the standard deviation of these difference scores, and finally dividing the results 

by 2- (Swinton et al., 2018). Therefore, the typical errors are presented below for every test 

used in this project.  

 

4.3 Study sample 

To have more confidence that the conclusions generated from the experiment can be applied 

to the broader population with confidence, one would always prefer to conduct a study that 

has an adequate sample size and power (Bhide et al., 2018). If the sample size is too small, it 

is possible that the study may fail to answer its research question and increases the risk of 

inability to demonstrate a significant difference, even if such an effect exists (type 2 error) 

(Bhide et al., 2018; Zhong, 2009). The conventionally accepted level of type 1 error is 0.05, 

which indicated that a difference is considered “significant” if the likelihood of it occurring is 

less than 0.05. The well-known p-value represents this probability, with a value of 0.05 

suggesting that there is a 1 in 20 chance of finding a difference even when none exists (Bhide 

et al., 2018). However, it will be more difficult to carry out studies with large sample sizes, in 

particular athletes, and it requires more resources (Zhong, 2009). 

 

To test a hypothesis, the required sample size is governed by the effect size (Bhide et al., 

2018). The required sample size decreases with larger effect sizes, given a certain power and 

significance level, and increases with smaller effect sizes, and vice versa (Beck, 2013). 

Manipulating the sample size is the only option for researchers since the significance level is 

predetermined and the effect size is dependent on the efficacy of the treatment. It is essential 

to determine what effect size is meaningful (Beck, 2013).  

 

In this study we had two training groups, and if the groups are well-separated from each other 

and the within-group variability is low, fewer participants are needed in each group to 

demonstrate that the difference is unlikely to be due to chance and more likely to be a result 

of the intervention (Bhide et al., 2018).  

 

Because of the SWC, CV and the requirements for the external load values, the participants in 

both high- and low responders became lower for the analyses (n=7, and n=13). However, due 

to the strict requirements, we could state with greater certainty whether the results from the 

physical tests have an impact on the external load variables or not. 
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4.4 Training 

This study implemented a 12-week intervention period. Previous research conducted during 

the handball season on strength training for handball players has typically lasted between 8-12 

weeks and has demonstrated improvements in physical performance (Hammami et al., 2019; 

Hermassi et al., 2011; Hermassi, Schwesig, et al., 2019). The participants performed two 

weekly training sessions, in addition to their regular handball training, with one of the 

sessions being supervised. The presence of supervision may have influenced their level of 

effort during the workouts and could potentially have increased training quality and thus 

strength and FFM adaptions.   

 

Both training programs were designed to improve performance through enough stimuli.  

According to research, it appears that plyometric and resistance training interventions can 

result in comparable levels of whole muscle hypertrophy for lower extremity muscle groups 

in untrained and recreationally trained individuals, within intervention periods lasting ≤ 12 

weeks (Grgic et al., 2021). It is important to acknowledge the difficulties in comparing the 

effects of two different modes of exercise on a specific outcome, as training intensity, effort, 

and total volume of work may not be equivalent. From a training intensity perspective, one 

repetition of squat my not produce the same level of stress on the body as one repetition of the 

squat jump (Grgic et al., 2021). In our study, we attempted to equate training volume by 

matching the total workload in the strength training group with the total workload in the 

power/plyometric training group. The high-load strength group completed 6-8 heavy sets 

targeting the quads and glutes in session A, followed by 4 sets in session B. As for the 

power/plyometric group, they completed three times as many sets in both sessions.  

 

To ensure that the exercises were subjected to the indented load, we utilized reps in reserve 

(RIR) and VmaxPro. The RIR scale, ranging from 1 to 10, refers to the number of reps that 

could still be performed at the end of a set (Helms et al., 2016). The main advantage for using 

the RIR method is that is attempts to regulate the level of exertion, rather than the quantity of 

reps executed within a set (Halperin et al., 2022). However, in order for RIR strategies to be 

considered effective, trainers must exhibit an acceptable level of precision when predicting 

proximity to task failure and make sure that it is properly implemented (Halperin et al., 2022; 

Helms et al., 2016). Findings from various studies indicate that, on average, individuals tend 

to underestimate their proximity to task failure by roughly one repetition (Halperin et al., 

2022). The accuracy of predictions increased when the participants were closer to the point of 
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task failure, with fewer repetitions completed per set, as well as in later sets (Halperin et al., 

2022). To ensure that the RIR was as accurate as possible, we used VmaxPro (Enode Pro – 

Next Level Strength Training - Enode Pro, u.å.).  

 

The VmaxPro is a wireless IMU that can be purchased commercially and includes a three-axis 

accelerometer, gyroscope and magnetometer (Held et al., 2021). To collect data, the VmaxPro 

integrates vertical acceleration with respect to time at a sampling rate of 1000 Hz and 

transmits it via Bluetooth to a smartphone. The device only has to be placed on the barbell 

with a built-in magnet, and therefore increase the feasibility in daily training compared with 

linear position transducers. Controlling resistance training through movement velocity is 

possible because of the strong correlation between the velocity of movement and the relative 

load of the one repetition maximum (%RM) (Held et al., 2021). One of the most precise 

methods for estimating relative load during resistance training is suggested to be monitoring 

training load velocity (Balsalobre-Fernández et al., 2018). Findings from Held et al., (2021) 

suggest that velocity-based training provides a robust and highly sensitive method to 

determine relevant strength training indicators. The VmaxPro sensor, demonstrated good to 

excellent validity, with moderately low limits of agreements for the average concentric 

velocity during squat (Held et al., 2021). In our study, we required participants in the strength 

training group to have a velocity <0.4 m/s during the last repetition in the squat exercise 

(1RIR) (Izquierdo et al., 2006). For the power/plyometric training group, the lowest velocity 

loss possible was encouraged during the sets of jump squats, and a velocity >1 m/s was set as 

the standard for all repetitions during the push-jerk exercise.  

 

4.5 Measurements 

4.5.1 Keiser leg press 

Keiser is a pneumatic resistance-based leg press which utilizing air pressure as a means of 

resistance (Lindberg et al., 2021). All over the world Keiser is a commercial device available 

in many sports and research facilities. The resistance from the pneumatic leg press is 

minimally influenced by inertia and bodyweight compared to weight-based exercises. This 

comes with several advantages; the resistance is not influenced by acceleration making it 

achievable to assess extremely low resistance, and it is not necessary to decelerate a large 

mass when performing maximal attempts. Resultingly, it is possible to measure attempts close 

to Fmax and also closer to Vmax.  
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Research by Lindberg er al. (2021) showed that the Keiser leg press device obtained valid 

measurements over a wide range of force and velocities, also across different devices 

(Lindberg et al., 2021). To measure force, velocity and power, the Keiser leg press devices 

can be used interchangeably within a range of ±5%. Typical error for relative Fmax in Keiser 

is 4.8% (Lindberg et al., 2022).  

 

The Keiser leg press has some weaknesses; the device can underestimate force and power 

measurements when performing repetitions with maximal effort at low resistance. When 

performing single repetitions with maximal effort (up to 30%), moderate to large bias can 

occur in the measurements of power (Lindberg et al., 2021).  

 

4.5.2 Back squat 

A protocol from Cormie et al. (2010) was used for the 1 repetition maximum (1RM) back 

squat (Cormie et al., 2010). The assessment of maximal dynamic strength has often used this 

protocol in prior literature (Cormie et al., 2010). Regardless of training experience of 

familiarity, the TE% for the 1RM squat has been documented to vary between 0.3% and 

12.2% (Lindberg et al., 2022).  

 

It is possible that the squat dept may have been slightly different during post-testing, which 

could have influenced the obtained 1RM values (Cormie et al., 2010). As the depth was 

visually monitored, it is conceivable that there could be some degree of variations.  

 

4.5.3 Dual-x-ray-absorptiometry (DXA) 

In recent years, Dual-x-ray-absorptiometry (DXA) has become the gold standard for 

analyzing body composition, offering precise and repeatable measurements of parameters 

such as body fat percentage, body fat mass, lean body mass, leg fat percentage, leg fat mass, 

lean leg mass, torso fat percentage, torso fat mass and lean torso mass (Kale & Akdoğan, 

2020). In this project, the DXA-machine used (Lunar iDXA, GE, Healthcare, Madison, WI), 

was checked for reliability (n=11), and it was found a TE% of 1.1% on FFM legs.  
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4.5.4 On-court performance 

The quantification of both high-intensity, sport-specific actions and external load has become 

more detailed after the introduction of inertial measurement units (IMUs) with 

accelerometers, gyroscopes, and magnetometers (Wik et al., 2017). Isometric actions are 

present in team handball, and the IMU unit will not be able to detect these actions. Thus, 

using this method, the intensity of team handball players may be somewhat underestimated 

(Wik et al., 2017). 

 

Measuring physical performance based on changes in acceleration, with the aim of capturing 

non-running-based work, would not be captured as precisely using traditional time-motion 

analysis, and therefore PlayerLoad has been developed (Wik et al., 2017). PlayerLoad has 

been shown to be a reliable and useful measure of player activity in team sports, despite the 

fact that no published study has validated the algorithm for team handball match play (Wik et 

al., 2017).  

 

In team handball training sessions using the OptimEye S5, unpublished data from Wik et al. 

(2017) has demonstrated a CV for PlayerLoadTM *min-1 of 0.9% (90% confidence limits 

(CL) = 0.8-1.0%) (Wik et al., 2017).  

Insufficient validity of a measurement system can lead to harmful outcomes for athletes, such 

as incorrect training recommendations, reduced performance, and increased health risk. 

Validation of position system should be carried out in the typical conditions in which it is 

used (Luteberget, Spencer, et al., 2018). In this study CV (TE%) for PlayerLoad was 100.4% 

and for HIE 70.2%.  

When using IMU´s to measure performance, it is important to consider various factors that 

can affect the accuracy of the measurements. Achieving precise standardization can be 

challenging. For instance, the 6 vs 6 drill was always conducted at the end of the handball 

session. Depending on the intensity of the training, this could impact the measurements. We 

tried to maintain consistency by conducting the measurements on the same day for each 

handball team every week, but some weeks it was not possible. However, the fatigue of the 

athletes could vary depending on how long since they had done the strength training.  

We conducted the measurements in the handball teams regular training hall. We only 

observed the training and match play without actively participating to ensure that the game 
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played out as usual. The performance of athletes can vary due to differences in the nature of 

the game from one session to another.  

4.6 Statistical analysis 

T-tests 

In this study, both independent- and paired-sample t-test was used to see differences within 

both groups and pre-post intervention. When examining relationship between independent 

and dependent variables, an independent sample-test can be used (Atwater et al., 2022). The 

purpose of a paired-sample t-test is to compare the mean of a single group that has been 

examined at two different points in time (Ross & Willson, 2017). As the correlation between 

the groups becomes larger, the paired-sample t-test has more power to detect a difference 

between the means of two groups (Sunderland et al., 2003). Compared to the paired-sample t-

test, the independent-sample t-test has twice the degrees of freedom, and in general, an 

increase in degrees of freedom is accompanied by an increase in power (Sunderland et al., 

2003).  

 

Pearson correlation 

Pearson´s correlation coefficient (r) is one of the most frequently used statistics to test the 

degree of correlation between two or more variables (Armstrong, 2019). The correlation 

determine whether there exist a statistically significant positive or negative relationship 

between two or more variables, to quantity the level of statistical significance that can be 

attributed to a correlation, and establish the percentage of the variation in the dependent (Y) 

variable that can be attributed to or explained by the independent (X) variable. In this study, 

the correlation was used to see if there was a correlation between % average change in 

composite score and % change in external load data. However, a significant r value does not 

necessarily indicate a causal relationship between two variables (Armstrong, 2019). 

 

Nonoverlap of All Pairs (NAP)  

In single-case research, NAP refers to the overlap in index data between different phases 

(Parker & Vannest, 2009). The NAP is calculated by dividing the total number of 

comparisons showing no overlap by the total number of comparisons. The extent of non-

overlap between the baseline phase (A) and the intervention phase (B) serves a reliable 

indicator of the amount of performance change (Parker & Vannest, 2009). 
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Despite that parametric analysis (t-tests) being considered to have higher statistical power, 

NAP provides certain advantaged over them (Parker & Vannest, 2009). Single-case research 

offers unique advantages in documenting progress and assessing the efficacy of interventions 

for individuals and small groups with atypical characteristics (Parker & Vannest, 2009). In 

this study the NAP calculator was used on four participants in the high-responders group 

where the physical performance were larger than SWC + 2*CV in 2 of the 3 tests (super-

responders). This was to see if there were any differences in external load data pre-post on an 

individual level.  

 

Overlap-based index offer enhanced interpretability and require minimal assumptions about 

the data (Parker & Vannest, 2009). NAP demonstrated strong performance in terms of 

accuracy, calculation efficiency, and external validation compared to both R2 and visual 

analyst judgements. Additionally, the implementation of NAP eliminated the risk of human 

error. However, some researches would hesitant to apply NAP to single-subject time series 

data for independent groups due to concerns about the lack of independence within the time 

series data. Additionally, NAP my not perform as well as other tests in terms of precision, 

which is important in small datasets (Parker & Vannest, 2009). 

5.0 Main strength and limitations 

Due to strict requirements for the SWC and CV, we could state with greater certainty whether 

the results from the physical tests have an impact on the external load variables or not. This 

strengthen the findings of this study, further supported by the good reliability of the testing 

protocol. The supervision of one weekly session may have led to a higher participant 

completion rate.  

 

The main limitations in this study is the big variations in the external load data. This makes it 

harder to make conclusions from the results, due to the multiple mechanisms that could have 

influenced the outcomes.  
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Abstract 

 

Purpose: this study aimed to investigate if in-season resistance training-induced changes in 

maximal lower-body strength and fat-free mass could influence changes in match-related 

handball external load measurements. Method: twenty female handball players from two 

senior sub-elite teams (19.6 ± 2.4 years, 168.7 ± 6.3 cm in height, and 69.3 ± 13.3 kg body 

mass) completed a 12-week in-season strength- and power training program. Players were 

then divided into high- and low-responders based on changes in squat 1 repetition maximum, 

leg press force, and leg fat-free mass (FFM). Improvements in FFM and one of the two 

strength tests that exceeded the smallest worthwhile change and coefficient of variation were 

defined as high-responders. Weekly standardized match-related handball external load was 

measured as Player Load and high intensity events (HIE) with inertial measurement units. 

Changes in external load between high- and low-responders were analyzed with t-tests (three 

first- vs. three last measurements), single-cases with Nonoverlap of all Pairs (NAP) as well as 

correlations between changes in external load and the combined 1RM, force and FFM 

(composite change score). Results: There were no significant differences between or within 

responders in change in external load (p>0.05) or any correlations between changes in the 

composite score and external load (r= -0.04- -0.20, all p>0.05). The NAP analyses revealed 

no significant differences on an individual level (effect sizes: PlayerLoad: 0-0.66, HIE: 0.25-

0.61). Conclusion: These findings indicate that changes in maximal leg extensor strength and 

fat-free mass do not influence match-related in-season handball PlayerLoad and HIE 

measurements.   

 

Key-words: resistance training, handball, external load, PlayerLoad, high intensity events  
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1 Introduction 

Team handball is an Olympic sport played by people worldwide and played professionally in 

many European countries. 1,2 Handball play is characterized by repeated jumps, sprints, 

changes of direction, body contact at high speed, and specific technical movement patterns 

occurring in response to the varying tactical situations of the game. 2,3 The sport thus require 

different physical attributes, such as strength, explosive power, speed and endurance. 2,4 

 

Body composition is well known to be relevant to performance. 5 It is ideal for successful 

handball players to have a high fat-free body mass and less body fat. 6 Research have shown 

that players that have a higher skill level are taller and have a higher fat-free mass, and elite 

players are heavier, have higher fat-free mass and higher body mass than amateur players. 2,7 

Therefore, a high body mass and specifically high fat-free mass is advantageous in handball, 

and somatic traits can be one of the predictors of success in this sport.7,8 

 

Essential components of overall training includes strength and power, and therefore handball 

players often train these trains through the season.1 To give the whole handball team an 

advantage to sustain the forceful muscle contractions required during some game actions, 

strength and power exercises should be emphasized in the conditioning routine.2 For success 

in elite handball, maximal strength and power are considered as major determinants and many 

studies have highlighted the major role of the lower limb strength and power.9 Both strength- 

and power-training should be monitored to make sure that the athletes maintain a high level of 

strength throughout the competitive season.9 

 

Though continuous observations of the players action during match-play, time-motion 

analysis enables researchers and handball coaches to gain insight into the physical demands 

imposed on their players.7 Local positioning systems (LPs) with an inertial measurement unit 

(IMU) have been developed in the past decade.10 When examining the physical demands of 

team sport, athletes total effort is often assessed by measuring their overall workload, and this 

workload is determined by both the intensity and duration of the tasks performed and is 

commonly quantified using parameters like total distance covered and distance covered in 

different speed zones.10 Using variables such as number of sprints, accelerations or distance 

covered above a predefined speed threshold, high intensity events (HIE) and Player Load (PL) 

can be reported.10 To improve individualization of physical preparation, it is necessary to get 
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better knowledge of on-court demands of handball players.11 Specific to team handball, there 

is a lack of research.12 There is also a need for more research on whether changes in physical 

demands can influence these parameters.  

 

Athletes develop muscle size, muscular strength and power during the preparatory period, and 

the task is to maintain or even improve these levels during the competitive period.13 In elite 

team handball, it has not been very clear how these parameters change during the season.4,14 

The purpose of this study is therefore to investigate if in-season resistance training-induced 

changes in maximal lower-body strength and fat-free mass could influence changes in match-

related handball external load measurements.  

 

2 Materials and methods  

Participants 

Two female handball senior-sub elite teams took part in this study. A total of 34 participated 

(20 ± 2.8 years, 170.1 ± 6 cm in height, and 68 ± 11.1 kg in body mass.). To be included, the 

subjects needed to be active handball players between 16 and 35 years of age and have 

experience with resistance training. The participants could not participate if they had any 

injuries that prevented them from training and performing at a maximum capacity in the 

strength tests. Additionally, pregnant participants were not permitted to participate.   

 

Matched pair of players based on playing positions in each team were randomly assigned into 

two groups; one performing only heavy-load resistance training (n=17), and the other 

performed lower-load power and plyometric training (n=17). Thereafter, the groups were 

pooled and high- and low responders were chosen based on whether changes in lower-body 

strength and fat-free mass were higher or lower than the smallest worthwhile change (SWC) 

and coefficient of variations (CV) of the chosen tests, respectively. Lower-body strength was 

measured as 1 repetition maximum (1RM) squat and relative strength in Keiser leg press as 

well as fat-free mass (FFM) in legs. We used a value of 0.3 times the between-individual 

standard deviation for the SWC. By doing this, we were able to separate the participants who 

had a meaningful training response. The participants were sorted out based on the SWC and 

CV, and then split into two groups; high-responders (those who were above SWC in fat-free 

mass legs, 1RM in squat or/and Keiser) (n=8) and low-responders (n=23, without keepers 

n=19). These groups where then compared to the results of the Catapult data.  
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For the analysis, we defined the pre-test for the external load data for both PL and HIE as the 

average of the first three measurements, and the post-tests as the average of the last three 

measurements. To be included in the analysis, the participants needed to have at least two 

measurements per pre-post to get an average value. Participants with only one measurement 

were excluded. Additionally, four athletes had values above the SWC and 2*CV, and they 

were classified as super-responders.  

 

All the participants were informed about the potential risks of participating in the study. 

Participation was voluntary to participate so they could leave the intervention at any given 

time without reason. They were informed that all results would only be used anonymously 

and they needed to give written consent before participating. 

 

Study design  

The current study was a pre-post intervention where female handball players followed two in-

season resistance exercise programs and were subsequently divided into groups of high- and 

low-responders based on changes in muscle size and strength. All the players did 

familiarization, pre-tests, before they trained their program for 12 weeks followed by post-

tests. Throughout the training period the participants were tracked with Catapult system in 

handball practice through a standardized play.  

 

Over the 12-week training period, each group performed strength or power-plyometric 

training twice a week including one supervised session, in addition to their regular handball 

training. Both groups received individual adjustments according to the given guidelines. The 

high-load group did 2-6 sets for each muscle group at 80-85% of their one repetition 

maximum (1 repetition in reserve (RIR)), whereas the power-plyometric group performed 75-

90 bodyweight jumps and 2-4 sets of 3-6 power exercises at 50% of their one repetition 

maximum. After 6 weeks of training, some exercises in the programs were changed. 

 

Session A should preferably be performed the following 1-2 days after a match, and session B 

the days (1-3) before a match. Session A for both groups were performed together in every 

team on the same day every week, but the athletes could perform the workouts whenever they 

wanted to. These sessions were supervised, except in week 6 when session B was supervised.  
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Testing procedures 

Keiser leg press  

Seated leg press was tested using Keiser A300 horizontal leg press dynamometer (Keiser 

sport, Frescno, CA, USA) which is device with pneumatic resistance. The position of the seat 

was adapted to each participant. The femur should be vertical, with a knee joint angle of 80-

90 degrees. The participants did first a warmup and a test attempt before they entered the test. 

The 10-repetition test from the associated Keiser software was used where the resistance 

starts low and gradually increases, whereby a set point is estimated and chosen before the test 

by the test leader. The resistance increments between each repetition are pre-programmed 

based on the resistance set-point. Participants were instructed to move the pedals as quickly as 

possible to get the highest power. The resting periods increased gradually with increasing load 

until failure was reached. Failure was defined as the first resistance they were unable to 

extend both legs while remaining in a seated position. The results were retrieved from an 

associated software and the theoretical force maximum (Fmax) was extrapolated based on the 

force-velocity relationship. Both absolute Fmax and relative to body weight (Fmax/kg) was 

obtained.  

 

Back squat  

Squat 1 repetition maximum (1RM) was tested using a protocol from Cormie et al. (2010).15 

We used the participant´s 1RM from the familiarization to estimate the load for both 1RM 

and the warmup series before the attempt during baseline. The participants did first a series of 

warm-up sets; 4-6 repetitions at 30% of their estimated 1RM, 3-4 repetitions at 50% of 

estimated 1RM, 2-3 repetitions at 70% estimated 1RM, and 1-2 repetitions at 90% estimated 

1RM. Resting periods were set at 3 minutes. A series of maximal lift attempts were then 

performed until 1RM was obtained. The goal was to reach the 1RM in less than five attempts, 

separated by 5 minutes of recovery. The participants needed to reach a relative knee angle 

(angle between the midline of the lower leg and the midline of the thigh) so the femurs were 

parallel (this dept was visually monitored) otherwise the attempt was not considered 

successful. 15 We gave feedback to the participants about the dept of their squat. For safety 

reasons the test was done in a squat rack with safety arms.  

 

Dual-x-ray-absorptiometry (DXA)  

Legs fat-free mass (FFM) was measured in a Dual-x-ray-absorptiometry (DXA) machine 

(Lunar iDXA, GE, Healthcare, Madison, WI) according to standard procedures from 
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Olympiatoppen. The device was calibrated daily. During the scan, the participants wore shorts 

and a t-shirt, removed all metal accessories, and refrained from wearing shoes. The scan 

results were proceeded using Lunar Prodigy (version 15, encore, Madison, WI 53718 USA) 

 

On-court performance 

To investigate the outfield players (excluding goalkeepers) on-court handball-specific 

performance, an accelerometer from Catapult (version 7.40, OptimEye S5) was used (inertial 

measurement units [IMU]). The participants received a custom-made vest they needed to use 

during the activity (Catapult Sports, Australia). The vest consists of small monitoring devices 

located on the upper back, between the shoulder blades. 12 Before the training started, the 

device was installed underneath their training jersey.16 The handball players used the vests 

during handball practice 8 times, once per week from weeks 1-2 to 10-11. All participants 

used the same IMU for the monitoring. After their regular handball practice, the players 

simulated a match playing 6 against 6 for 5 minutes, two times, with 3-5 minutes rest 

between. The purpose of the training drill based in the game was to simulate a match-like 

environment. Therefore, the rules remained identical to those of official matches. 16 

 

Playerload  

To measure the intensity for each player during this play, PlayerLoad relative to playing time 

and high-intensity events (HIE) was used. 17 PlayerLoad is a measurement based on 

accelerometer of external physical loading of team-sport athletes. 12 PlayerLoad is defined as 

“instantaneous rate of change of acceleration divided by a scaling factor and is expressed as 

the square root of the sum of the squared instantaneous rate of change in acceleration in each 

of the three vectors (x,y, and z axes) divided by 100 Hz”.12 The equation for calculating 

PlayerLoad is described as 

 

 

where ay = forward acceleration, ax = sideways acceleration, and az = vertical acceleration. 17  
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High intensity events  

To classify events as either acceleration, deceleration or change of direction, the direction of 

the applied force is calculated for each event. 12 Any event with a value >2.5 m * s-1 was 

classified as either an acceleration, deceleration or change of direction (COD), and the sum of 

all these events is referred to as HIEs.12,16 

 

The data obtained from the IMUs were transferred to Catapult Sprint through a USB interface 

and subsequently exported to Microsoft Excel (Microsoft Corp, Redmond, WA, USA?).17 The 

data were then analyzed with the following software (version 2.5.0, Openfield, Catapult 

Innovations, Melbourne, Australia). In this software we manually tracked interchanges to 

ensure that only time spent on the field was included in the analysis. To reduce the variability 

in reporting absolute values caused by variations in match length and individual on-field time, 

all variables of interest were normalized per minute of on-field time.12 Using the Catapult 

Sprint Software, PlayerLoad, accelerations, decelerations and COD were extracted from the 

raw files.12 

 

3 Statistical analysis  

For the statical analysis in this study, Stata (StataCorp, 4905 Lakeway Dr, College Station, 

TX 77845, USA) was used. The data were found to be normally distributed based on the 

Shapiro-Wilk test for normality with a p-value greater than 0.05 and q-q plots. Therefore, we 

performed t-tests (independent and paired) to determine if there were any differences within 

both groups and pre-post. To assess whether there was a correlation between changes in 

physical performance, changes in fat-free mass (FFM) in legs, and changes in external load 

data, Pearson correlation was used. To see single-case differences, a Nonoverlap off All Pairs 

(NAP) calculator was used.18 

 

4 Results  

31 of the 34 female handball players completed the study. The dropouts were due to injuries 

(n=2) or not following the training program (n=1). Keepers were excluded (n=2) as well as 

one participant whose data was not valid for high intensity events (HIE) (included in analysis 

with Player Load (PL)). In the high-responders group, one participant was excluded for not 

having enough measurement, as well as 10 in low-responders. Physical characteristics are 

presented in Table 1. Player Load and HIE throughout the 8 measurements are presented in 

Figure 1. The high-responders physical performance and external load are presented in Table 
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2. Four of the high-responders are super-responders and their individual Nonoverlap off All 

Pairs (NAP) effects in PL and HIE are presented in Figure 2. Pearson correlation between 

changes in physical performance and external load are presented in Figure 3. Average % 

change in composite score for high-responders were 10.7%, and 5.1% for low-responders 

(Table 2 and figure 3).  

 

 

 
TABLE 1: physical characteristics of the participants  

Characteristics High-responders Low-responders 

Sample size (n) 7 13 

Age 20.7 ± 1.7 19 ± 2.6 

Height (cm) 168,9 ± 9.2 168.5 ± 4.5 

Weight (kg) 74 ± 20 66.7 ± 7.7 
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FIGURE 1: PlayerLoad and High Intensity Events per minute for both high- and low-responders for the 8 measurements with 95% CI.  
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There were no significant changes in pre-tests between high- and low-responders for both PL 

(p=0.904) and HIE (p=0.891). No significant changes from pre (measurement 1,2,3) to post 

(measurement 6,7,8) between high- and low-responders in PL (p=0.569) and HIE (p=0.388) 

were observed. There were no significant changes in high-responders from pre- to post-test in 

PL and HIE (-10%, p=0.128 and -13%, p=0.104, respectively) nor in low-responders (-17%, 

p=0.349 and -3%, p=0.460, respectively, table 2). Figure 1 shows external loads values 

through the intervention (8 measurements) for high- and low-responders. 
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Legs fat-

free mass 

      kg 

 

1RM 

Squat 

kg 

 

Keiser 

Relative 

(n/kg) 

  

Player- 

Load /min 

 

HIE/min 

 

Acc/min 

(>2.5) 

 

 

Dec/min 

(>2.5) 

 

 

COD/min 

(>2.5) 

 

Pre-test*                                                                                                                           Pre-test* 

Player 10 13.9 72.5 30.9  11.63 0.8 1.17 1.00 1.83 

Player 25 18.9 70 20.9  9.03 2.86 2.83 3.67 7.83 

Player 2 22.1 95 25.9  7.56 1.63 0.50 2.00 6.67 

Player 9 13.9 52.5 32.6  10.93 1.8 2.75 1.17 0.50 

Player 18 17.3 95 25.9  11.28 2.5 2.25 2.75 7.50 

Player 30 17.8 80 24.5  13.78 3.2 2.25 3.00 10.75 

Player 22 18.1 100 28.8  12.83 2.56 2.83 3.83 6.17 

Player 15 15.5 75 23.07  13.81 0.7 0.67 1.33 1.50 

Mean high-responders 17.19 ± 2.75 80 ± 15.98 26.57 ± 3.96  11.36 ± 2.2 2.01 ± 0.93 1.97 ± 0.94 2.34 ± 1.13 5.34 ± 3.65 

Mean low-responders 16.17 ± 1.26 77.31 ± 12.31 25.35 ± 4.18  11.16 ± 2.70 1.76 ± 0.57 1.77 ± 1.12 2.84 ± 1.02 4.20 ± 1.47 

      

          

          

Pre-post* absolute change             Pre-post* absolute change 

Player 10 1.1 5 5.8  -1.44 -0.2 -0.67 0 0 

Player 25 1 20 1.09  -1.13 0.14 -0.5 -1.34 0.84 

Player 2 0.9 15 -2.9  2.01 -1.26 0.33 -1 -2.5 

Player 9 0.6 22.5 7.2  -0.74 -0.6 -1.25 0.5 2.67 

Player 18 0.9 10 3.6  -3.3 -1.25 -1.75 -0.75 -3.75 

Player 30 1 12.5 1.3  n/a n/a n/a n/a n/a 

Player 22 1.4 7.5 1.5  -2.82 -0.4 -0.83 -1.5 -1.17 

Player 15  0.6 5 3.01  -1.86 -0.04 0 -0.33 0 

Mean high-responders 0.94 ± 0.18 12.19 ± 4.58 2.58 ± 2.16  -1.33 ± 1.28 -0.52 ± 0.41 -0.78 ± 0.56 -0.74 ± 0.59  -0.78 ± 2.25 

Mean low-responders  0.2 ± 0.21 7.88 ± 3.37 2.06 ± 1.41  -1.46 ± 0.68 -1.26 ± 0.60 -0.13 ± 0.55 -0.46 ± 0.69 -0.21 ± 0.81 

 

Note: n/a: missing data. The four first players are super-responders.*Pre-test: average of the three first measurements (week 1-3), *post-test: 

average of the three last measurements (week 6-11). HIE: high intensity events, Acc: accelerations, Dec: decelerations, COD: change of 

directions.

TABLE 2: physical performance and external load for high-responders. 
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FIGURE 2: Nonoverlap off All Pairs (NAP) analysis results for PlayerLoad and high intensity 

events for the super-responders in the high-responder group. 1,2,3= three first measurements (pre), 

6,7,8= three last measurements (post). 
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There was no correlation between all of the participant`s % change in composite score and % change in PL and HIE pre-post (figure 3).  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 3: correlations between % average composite score and % change in PlayerLoad and high intensity events pre-post intervention (r= -

0.4- -0.20).  

 
 
 
 

                    P=0.41                     P=0.84 
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Figure 4 presents the high- and low-responders from the high-load training group`s squat training load and external load values through the 

intervention. 

 

 

FIGURE 4: Squat training load, total PlayerLoad and high intensity events for high- and low-responders in high-load training group (n=5, n=8) 

through the training intervention. Player Load and high intensity events are here presented as absolute numbers to better show their values 

visually against the squat values. The other high-responders are excluded from the graphs since they were in the power-plyometric training group 

which had a constant squat training.
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5 Discussion 

The aim of this study was to investigate if in-season resistance training-induced changes in 

maximal lower-body strength and fat-free mass could influence changes in match-related 

handball external load measurements. To the best of our knowledge this is the first study to 

examine if changes in physical performance and fat-free mass in legs affects handball 

performance. The findings indicates that there are no correlation between changes in physical 

performance and changes in external load data.  

 

Muscle mass and maximal strength training for athletic performance 

The changes in physical performance showed no correlation with the changes in external load 

data. The relationship observed between exposure doses and responses may be due to 

confounding factors rather than causality, or it could be a result of several independent effects 

of the exposure.19 The beneficial results coming from traditional resistance programs, such as 

enhanced muscular strength and increased local muscular endurance, is well known.4 

Regardless, there is a need to determine alternate methods of resistance training due to the 

fact that is unlikely that one traditional form of resistance training appeals to the entire 

population of trained athletes.4 This study investigated strength values from two different 

resistance training programs; heavy load strength and power/plyometric training. The results 

indicated that the training load in the squat for both high- and low-responders did increase 

over the period of the intervention. PlayerLoad and HIE did not increase, it even seems that 

they have slightly decreased through the period.  

 

The effects of training are diverse, and selecting the appropriate measures of exposure and 

metrics depends on the goal of the training, the primary outcomes of interest, and the specific 

aspects of training that coaches and researches wish to investigate.19 Because of the various 

outcomes, each with their own set of mechanisms, no single measure can capture all the 

mediators involved in these different outcomes.19 Although the increase and decrease in the 

strength and fat-free mass values, there could be other mechanisms that effects the external 

load values. To optimize training in sports and exercise, any measure of training load should 

reflect the underlying mechanisms that mediate the expected effects and responses of the 

specific physical training factor.19 Both training programs were designed with the aim of 

improvement and many of the athletes did improve in the strength and fat-free mass variables. 

With one training session being supervised through the whole intervention, it is possible that 

this has affected the improvements. However, it is possible that the intensity of the training 
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programs may have been too high for some athletes, resulting in the little decrease in external 

load.  

 

There also may be a period of time during which an athlete learns how to use increased 

strength in various sport events, called lag time.20 This time period may exceed several 

months, which is often outside the limited experimental bounds of most studies that are 

limited to few weeks.20 This could possibly explain why the athletes had increased strength 

but not handball external load performance. With a longer duration for the intervention, it 

may be possible that the external load data would increase.  

 

Instead of assuming that more muscle or body mass is always ideal, coaches should aim at 

determining the optimal level.21 This means that while building muscle and body mass can be 

beneficial for athletes with a relatively low training age in sports that is not very force-

dominated, there will likely come a point in their development where relative strength and 

power should become the focus, and reduce the amount of hypertrophy training. In order to 

gain further strength and power, neural factor should be emphasized. When it comes to team 

sports, coaches should consider the individual needs of each athlete based on their playing 

position and role within the team when determining the optimum level.21 Since all 

participants in this study had prior experience with resistance training, it is possible that some 

were already at an optimal level of muscle mass. This factor could potentially impact the 

correlations between them.  

 

On the contrary, research has shown that elite female handball players have higher values in 

different physical demands than the amateur players.22 Elite female handball players share 

similar body mass and body fat percentage with amateur players, but outperform them in 

terms of body height, fat-free mass, sprint and endurance running abilities, as well as ball 

throwing velocity.22 Since the players were relative young (20 years ± 2.8), and may not have 

so much experience with resistance training, it is possible that this could be a reason for the 

good results in the strength and fat-free mass values. However, one could assume that the 

increases in the physical performance measures would have a strong correlation with the 

external load performance measures.  

 

A measure should, ideally, reflect the mechanisms that link the exposure to the targeted 

responses.19 However, pathways facilitating sporting performance are complex. There are 
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many mechanisms who acts concurrently and may interact with each other. Therefore, a 

single measure is unlikely to include all the mechanisms that mediate the response of 

interest.19 

 

On-court performance 

Compared to other team sports, research on team handball is relatively limited, and 

methodologically challenging due to technological limitations in monitoring indoor sports and 

capturing short high-intensity actions performed in tight spaces.17 Existing sampling rates (i.e. 

100Hz) for the IMUs, may not be sensitive enough for the advancement of new algorithms, 

leading manufactures to consider offering higher sampling data.23 Therefore, it may be 

recommended that manufactures disclose any modifications concerning data processing when 

updating their software or firmware.23 In our study, we did not update the Catapult software 

during the intervention to ensure that this would not influence the external load data.  

 

While Player Load (PL) is a valuable tool for assessing physical performance in frequent 

contact sports like team handball, this is a relatively new field of study.17 Therefore, it is 

important to approach results interpretation with caution.17 Previous studies has explored 

position-specific Player Load (PL) and high intensity events (HIE) both within and between 

halves for all players combined, while also incorporating goals scored.12,16,17 The present 

study did not include these measurements. Rather, we set a criterion to determine what was a 

meaningful change in the physical performance measures, which allowed us to classify the 

participants into two groups; high- and low-responders based on the SWC and CV. By doing 

this, we were able to examine if those athletes who had a meaningful improvement correlated 

with the changes in PL and HIE.  

 

One should exercise caution when comparing accelerometer data among different athletes to 

assess external load, as there is significant level of variation.23 This reflects our Player Load 

and high intensity events data, with a CV of 100.4% and 70.2%. For instance, the 6 vs 6 drill 

was always conducted at the end of the handball session. Depending on the intensity of the 

training, this could impact the measurements. We tried to maintain consistency by conducting 

the measurements on the same day for each handball team every week, but some weeks it was 

not possible. However, the fatigue of the athletes could vary depending on how long since 

they had done the strength training. Another factor that can explain the differences in the 8 

measurements is that the athletes may vary in their performance due to the fact that the game 
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plays out different from one session to another. It is possible that the players did performed 

better than their usually level due to being aware of being monitored, and after a few weeks, 

they may have returned to their typical performance level. This can explain the observed 

decrease in the external load data. Therefore, tracking the players throughout the entire 

handball season would be valuable to have a better understanding of their performance.  

 

Team handball demands a lot of developed motor skill, such as speed, explosive power, 

endurance, and strength, and in these actions the athletes have a lot of body contact.2,4 An 

athlete may have to manipulate their own body mass plus an opponent’s body mass, and 

therefore have to exert large forces against gravity.24 Therefore, a high body mass and 

specifically high fat-free mass is advantageous in handball, and somatic traits can be one of 

the predictors of success in this sport.7,8 The intensity if team handball players may be 

somewhat underestimated because the IMU unit will not be able to detect isometric actions.17 

In this study we defined on-court performance as acceleration, deceleration and changes of 

direction, but it may have given other results if the IMU were able to detect isometric actions.  

 

Regarding external load, matches with a longer duration results in a significantly higher PL 

and similar PL per minute when compared to matches with a shorter duration.25 In our study, 

we had “matches” with a duration of five minutes two times, this was to compare to other 

results from the few other studies. We could possibly have tracked the players for longer 

matches.  

 

High-intensity activities are a relatively small part of the physical aspect of the game, in one 

study, female players were found to cover 2,5% of total distance in high-intensity-running 

categorie.26 It is possible that previous methods relying solely on speed may not have had the 

necessary sensitivity to identify instances of maximal or near-maximal effort by athletes. 

Moreover, discrepancies in the definition of high-intensity activity can add further complexity 

to the interpretation of such methods. 17 

 

Is it crucial to consider that external load performance is defined by specific criteria and 

primarily focuses on the external load itself. Handball performance, on the other hand, can be 

defined by other factors, including the ability to score goals and their overall performance at 

national and international levels. In team sports, the athletes total effort is often assed by 

measuring their overall workload, and this workload is determined by both the intensity and 
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duration of the tasks performed and is commonly quantified using parameters like total 

distance covered and distance covered in different speed zones.10 For instance, events with a 

value  >2.5 m *s-1 was classified as an acceleration, deceleration or COD, and the sum of this 

events are HIEs.12,16 It is possible that athletes who possess greater explosiveness and 

strength, are able to hit the ball faster and more frequently, resulting in less overall running 

compared to those with lower strength and explosiveness. These individuals may reach the 

thresholds that trigger higher external load and more high intensity events more quickly. 

Therefore, they may need to engage in less running overall. The findings of this study could 

indicate that higher strength values and fat-free mass do not necessarily correlate with these 

external load performance values. This observation could also account for the decrease in the 

external load values. Taking the above discussion into consideration, this decrease may even 

have a positive implication.  

 

In-season 

Research in high performance athletes may be difficult to execute in-season. Small sample 

sizes can occur, resulting from athletes and coaches declining to participate in research 

studies.4 High-performance athletes face a potential risk if the training program leads to a 

reduction in physical performance. Therefore, we did not include a non-training group in this 

intervention.  

 

Essential components of overall training includes strength and power, and therefore handball 

players often train these traits through the season.1 Some research suggest that the strength 

and power of players can be preserved and increased with in-season strength and conditioning 

training, and that training sessions performed twice a week can increase muscle strength of 

athletes.13,27 This study have also shown improvement in strength values during in-season, but 

has not been able to show the benefits from this in external load data. The specific handball 

training through matches and training in-season could have a greater influence on the external 

load performance variables compared to strength and fat-free mass.  

 

Female handball players 

The literature on this topic is male dominant, and due to fact that game dynamics and player 

demands differ between sexes in handball, the analyzes of player activity in men may not be 

accurate for women.17 Conclusions based on on-court match analysis data in male players can 

therefore not be transferred directly to female players due to physiological differences.26 
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According to Manchado et al. (2013) results, there are only a few studies on on-court 

performance and time-motion analysis for women`s team handball players, especially 

concerning acceleration profiles.2 There is also a clear need for more research on strength 

training in women's handball players.2 

 

6 Main strength and limitations 

Due to strict requirements for the SWC and CV, we could state with greater certainty 

regarding the lack of impact of physical test results on the external load variables. This 

strengthen the findings of this study, further supported by the good reliability of the testing 

protocol. The supervision of one weekly session may have led to a higher participant 

completion rate.  

 

The main limitations in this study is the big variations in the external load data. This makes it 

harder to make conclusions from the results, due to the multiple mechanisms that could have 

influenced the outcomes.  

 

7 Perspective 

This is the first study to examine if in-season resistance training-induced changes in maximal 

lower-body strength and fat-free mass could influence changes in match-related handball 

external load measurements. Because of the big variations in the external load data, and that 

the benefits from the enhancement in the strength and fat-free values have not been shown in 

the external load values, more research are needed regarding this topic. There is also a need 

for more research in female handball players and physical and external load performance in 

handball.  

 

Acknowledgements  

I would like to thank the participant who took part in this project. Your effort during testing 

and the intervention are highly appreciated. 

 

 

 

 

 

 



 

 65 

8 References 

1. Hammami M, Gaamouri N, Aloui G, Shephard RJ, Chelly MS. Effects of a Complex 

Strength-Training Program on Athletic Performance of Junior Female Handball 

Players. Int J Sports Physiol Perform. 2019;14(2):163-169. doi:10.1123/ijspp.2018-

0160 

2. Manchado C, Tortosa-Martínez J, Vila H, Ferragut C, Platen P. Performance factors in 

women’s team handball: physical and physiological aspects--a review. J Strength 

Cond Res. 2013;27(6):1708-1719. doi:10.1519/JSC.0b013e3182891535 

3. Karcher C, Buchheit M. On-court demands of elite handball, with special reference to 

playing positions. Sports Med. 2014;44(6):797-814. doi:10.1007/s40279-014-0164-z 

4. Marques M. In-Season Strength and Power Training for Professional Male Team 

Handball Players. Strength & Conditioning Journal. 2010;32:74-81. 

doi:10.1519/SSC.0b013e3181fbec32 

5. Kale M, Akdoğan E. Relationships between body composition and anaerobic 

performance parameters in female handball players. Physical Education of Students. 

2020;24(5):265-270. doi:10.15561/20755279.2020.0502 

6. Eler N, Joksimovic M. The Relationship between Body Composition and Physical 

Fitness Performance in Handball Players. The Relationship between Body 

Composition and Physical Fitness Performance in Handball Players. Published online 

January 1, 2019. Accessed February 28, 2023. 

https://www.academia.edu/40500841/The_Relationship_between_Body_Composition

_and_Physical_Fitness_Performance_in_Handball_Players 

7. Ziv G, Lidor R. Physical characteristics, physiological attributes, and on-court 

performances of handball players: A review. European Journal of Sport Science - 

EUR J SPORT SCI. 2009;9:375-386. doi:10.1080/17461390903038470 

8. Olds T, Norton KI, Australian Sports Commission, eds. Anthropometrica: A Textbook 

of Body Measurement for Sports and Health Courses. UNSW Press; 1996. 

9. Bragazzi NL, Rouissi M, Hermassi S, Chamari K. Resistance Training and Handball 

Players’ Isokinetic, Isometric and Maximal Strength, Muscle Power and Throwing 

Ball Velocity: A Systematic Review and Meta-Analysis. Int J Environ Res Public 

Health. 2020;17(8):2663. doi:10.3390/ijerph17082663 

10. Luteberget LS, Spencer M, Gilgien M. Validity of the Catapult ClearSky T6 Local 

Positioning System for Team Sports Specific Drills, in Indoor Conditions. Frontiers in 

Physiology. 2018;9. Accessed April 13, 2023. 



 

 66 

https://www.frontiersin.org/articles/10.3389/fphys.2018.00115 

11. Manchado C, Tortosa Martínez J, Pueo B, et al. High-Performance Handball Player’s 

Time-Motion Analysis by Playing Positions. Int J Environ Res Public Health. 

2020;17(18):E6768. doi:10.3390/ijerph17186768 

12. Luteberget LS, Spencer M. High-Intensity Events in International Women’s Team 

Handball Matches. International Journal of Sports Physiology and Performance. 

2017;12(1):56-61. doi:10.1123/ijspp.2015-0641 

13. Spieszny M, Zubik M. Modification of Strength Training Programs in Handball 

Players and its Influence on Power During the Competitive Period. J Hum Kinet. 

2018;63:149-160. doi:10.2478/hukin-2018-0015 

14. Marques M, González-Badillo J. In-Season Resistance Training and Detraining in 

Professional Team Handball Players. Journal of strength and conditioning research / 

National Strength & Conditioning Association. 2006;20:563-571. doi:10.1519/R-

17365.1 

15. Cormie P, McGuigan MR, Newton RU. Influence of strength on magnitude and 

mechanisms of adaptation to power training. Med Sci Sports Exerc. 2010;42(8):1566-

1581. doi:10.1249/MSS.0b013e3181cf818d 

16. Luteberget LS, Trollerud HP, Spencer M. Physical demands of game-based training 

drills in women’s team handball. J Sports Sci. 2018;36(5):592-598. 

doi:10.1080/02640414.2017.1325964 

17. Wik EH, Luteberget LS, Spencer M. Activity Profiles in International Women’s Team 

Handball Using PlayerLoad. Int J Sports Physiol Perform. 2017;12(7):934-942. 

doi:10.1123/ijspp.2015-0732 

18. NAP Calculator | Single Case Research. Accessed April 30, 2023. 

http://singlecaseresearch.org/calculators/nap 

19. Impellizzeri F, Shrier I, McLaren S, et al. Understanding Training Load as Exposure 

and Dose. Sports Medicine. Published online April 6, 2023:1-13. doi:10.1007/s40279-

023-01833-0 

20. Stone MH, Moir G, Glaister M, Sanders R. How much strength is necessary? Physical 

Therapy in Sport. 2002;3(2):88-96. doi:10.1054/ptsp.2001.0102 

21. Young W, Talpey S, Bartlett R, et al. Development of Muscle Mass: How Much Is 

Optimum for Performance? Strength & Conditioning Journal. 2019;41(3):47-50. 

doi:10.1519/SSC.0000000000000443 

22. Granados C, Izquierdo M, Ibañez J, Bonnabau H, Gorostiaga EM. Differences in 



 

 67 

Physical Fitness and Throwing Velocity Among Elite and Amateur Female Handball 

Players. Int J Sports Med. 2007;28(10):860-867. doi:10.1055/s-2007-964989 

23. Malone JJ, Lovell R, Varley MC, Coutts AJ. Unpacking the Black Box: Applications 

and Considerations for Using GPS Devices in Sport. International Journal of Sports 

Physiology and Performance. 2017;12(s2):S2-26. doi:10.1123/ijspp.2016-0236 

24. Suchomel TJ, Nimphius S, Stone MH. The Importance of Muscular Strength in 

Athletic Performance. Sports Med. 2016;46(10):1419-1449. doi:10.1007/s40279-016-

0486-0 

25. Kniubaite A, Skarbalius A, Clemente FM, Conte D. Quantification of external and 

internal match loads in elite female team handball. Biol Sport. 2019;36(4):311-316. 

doi:10.5114/biolsport.2019.88753 

26. Michalsik LB, Madsen K, Aagaard P. Match performance and physiological capacity 

of female elite team handball players. Int J Sports Med. 2014;35(7):595-607. 

doi:10.1055/s-0033-1358713 

27. Hermassi S, Chelly MS, Tabka Z, Shephard R, Chamari K. Effects of 8-Week in-

Season Upper and Lower Limb Heavy Resistance Training on The Peak Power, 

Throwing Velocity, and Sprint Performance of Elite Male Handball Players. Journal 

of strength and conditioning research / National Strength & Conditioning Association. 

2011;25:2424-2433. doi:10.1519/JSC.0b013e3182030edb 



 

 68 

 

 

PART 3 

 

Attachments  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 69 

Attachment 1: training programs for both high-load strength training and 

power/plyometric training group. 

 

Table 1: Training program week 1-12 for strength training group 

Session A: 

 

Set Repetitions Rest Load (RIR) 

/intensity 

Parallel squat 3 5 3 min 1 RIR 

Split squat with dumbbells 3 5 3 min 1 RIR 

Superset: hip thrust 3 5 3 min 1 RIR 

Superset: one-leg calf raise 3 10 2 min High 

Romanian deadlifts 2 5 3 min 1 RIR 

Superset: bench press 3 5 3 min 1 RIR 

Superset: pullups/pulldown 3 5 2 min 1 RIR 

Shoulder press bar or dumbbells 2 5 2 min 1 RIR 

Weighted sit-ups 2 10 2 min High 

Session B:  Set Repetitions Rest Load (RIR) 

/intensity 

Parallel squat 2 5 3 minutes 1 RIR 

Superset: Nordic hamstring curl 2 5 3 minutes High 

Superset: Superman/rollouts 2 10 2 minutes High 

Bulgarian lunges 2 5 3 minutes 1 RIR 

Bench press with dumbbells 2 5 3 minutes 1 RIR 

Superset: Cable row or 1-arm 

dumbbell rows 

2 5 2 minutes 1 RIR 

Superset: Triceps dumbbell 

overhead press 

2 5 2 minutes  1 RIR 
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Table 2: Training program week 1-12 for power training group  

Session A:  Set Repetitions Rest Load/intensity 

Squat jump 4 5 3 minutes 50% 1RM 

Push jerk 3 5 2 minutes  

Superset: explosive bench press 

with bands 

3 5 2 minutes 50% 1RM 

Superset: single-leg hip thrust 

jump 

3 5 2 minutes BW/max 

Drop jump 3 10 3 minutes BW/max 

Superset: Kettlebell swing 3 8 2 minutes 12kg+ 

Superset: Medicine ball chest 

throw 

3 5 2 minutes  2-4kg 

Superset: Bulgarian jumps 3 5 3 minutes BW/max 

Superset: box jumps 3 10 2 minutes BW/max 

Reverse rowing/ 

med-ball slam* 

3 5 2 minutes BW/max 

Session B:  Set Repetitions Rest Load/intensity 

Squat jump 3 5 3 minutes 50% 1RM 

Superset: Single-leg hip thrust 

jump 

2 5 2 minutes BW/max 

Superset: medicine ball chest 

throw 

2 5 2 minutes 2-4kg 

Hurdle jumps 2 10 2 minutes BW/max 

Split squat jumps 3 5 3 minutes BW/max 

Horizontal jumps 2 5 2 minutes BW/max 

Superset: box jumps 2 10 2 minutes  BW/max 

Superset: Reverse rowing 2 5 2 minutes BW/max  

Note: *new exercise included in weeks 6-12.  
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