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Abstract 
 

Anthropometric, characteristic, physical fitness parameters- and throwing velocity in 

female Icelandic youth national handball players 

 

The object of this longitudinal study were to i) analyze the difference in anthropometric 

characteristics, physical fitness- and throwing velocity performance between measurements 

during a two-year period, and to ii) analyze the difference in anthropometric characteristics, 

physical fitness- and throwing velocity performance between players during a two-year period. 

Data were collected from 22 Icelandic youth female national handball players (16.55 ±1.11 years 

old) from three different age groups (U15, U17, U19). Over two-year period players participated 

in at least four of six measurements as they were tested in height, weight, BMI, MBT, CMJ, 10 m 

sprint, 30 m sprint, Yo-Yo IR2, and throwing velocity. Statistical analysis was performed using 

one-way ANOVA to calculate the difference between measurements followed by Bonferroni post 

hoc test. Repeated measures were used to calculate the difference between players followed by 

Bonferroni post hoc test. Descriptive statistics were calculated for all the experimental variables 

as the results were presented as mean values with standard deviation. The result of this study 

showed a difference between measurements in handgrip strength, CMJ, and 10 m sprint. The 

difference between players was in height, weight, BMI, MBT, 10- and 30 m sprint. 
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Ágrip 
 

Líkamleg færni, líkamlegir eiginleikar, og skothraði hjá ungum íslenskum landsliðskonum 

í handknattleik 

 

Markmið þessarar langtíma rannsóknar var að i) greina mun á líkamlegri færni, líkamlegum 

eiginleikum og skothraða milli mælinga yfir tveggja ára tímabil, og að ii) greina mun á líkamlegri 

færni, líkamlegum eiginleikum og skothraða milli leikmanna yfir tveggja ára tímabil. Gögnum var 

safnað frá 22 ungum íslenskum landsliðskonum í handknattleik (16.55 ±1.11 ára) frá þremur 

aldurshópum (U15, U17, U19). Á tveggja ára tímabili tóku leikmenn þátt í að minnsta kosti fjórum 

af sex mælingum þar sem þeir voru mældir í; hæð, þyngd, BMI, MBT, CMJ, 10 metra sprett, 30 

metra sprett, Yo-Yo IR2, og kasthraða. Tölfræðileg greining var framkvæmd með því að nota 

einfalt ANOVA próf til þess að skoða mun á milli mælinga og Bonferroni post hoc próf í framhaldið. 

Dreifigreining með endurteknum mælingum (e. Repeated measures) var framkvæmt til að skoða 

mun á milli leikmanna og Bonferroni post hoc próf í framhaldið. Lýsandi tölfræði var reiknuð fyrir 

allar breytur þar sem niðurstöður voru kynntar sem meðaltal með staðalfráviki. Niðurstöður 

þessarar rannsóknar sýndu mun á milli mælinga í gripstyrk, CMJ, og 10 metra spretti. Munur var 

milli leikmanna í hæð, þyngd, BMI, MBT, 10 metra- og 30 metra spretti.  

 

Lykilhugtök: Handknattleikur, Mælingar, Frammistaða 
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Introduction 

Team handball (handball) is a team sport played worldwide and has, in general, become more 

popular in time (Manchado et al., 2013). Handball is played at a highly professional level in many 

European countries (Póvoas et al., 2012), and is also a very popular sport in Africa, South America 

and Asia (Wagner et al., 2017). Major handball international championships are held regularly. 

Handball became an Olympic sport for male in 1972 and since the year 1976 handball has been 

a part of the Olympic Games both for male and female. It is said that handball was at first invented 

as a game just for males. With time female gained rapid interest in the game and began to play 

handball as well and have played ever since (Michalsik & Aagaard, 2015). Handball is now played 

by both genders and at all ages, whether it is at amateur, sub-elite, or elite levels (Milanese et al., 

2012). 

 It wasn’t until the year 1920 that the handball sport came to Iceland. The first male national 

match was played in 1950. The Icelandic female team played its first match on 19th of June in 

1956 against Norway in Oslo (Lúðvíksson, 2012). Subsequently, the Icelandic Handball 

Federation (Handknattleikssamband Íslands, HSÍ) was founded on 11th of June in 1957. Since 

then has interest in the sport increased for both male and females in Iceland. The number of 

female handball practitioners has been rising constantly. In the 2017/2018 season, there were 

2.143 female practitioners 15 years or younger and 839 female practitioners 16 years or older 

playing handball in Iceland (The National Olympic and Sports Association of Iceland, 2019). Since 

the beginning of handball in Iceland female handball culture is growing (Lúðvíksson, 2012). To 

the present day has the Icelandic female national team participated in three major tournaments, 

two times in the European Championships and one time at the World Cup (Lúðvíksson, 2012). 
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1.Theoretical background 

1.1 Handball 

Handball requires two teams of seven players each, six out court players in different positions; 

pivots, backs (right, left) and wings (right, left) and a goalkeeper (Krüger et al., 2014). Each 

specific position requires unique physiological and physical aspects relating to the technical and 

tactical requirements of that position in order to maximize the performance in the game (Ghobadi 

et al., 2013). A handball team consist of up to 14 players. The remaining players are substitutes 

but have the permission to enter the court at any time and repeatedly, if the players they are 

replacing have already left the court. Handball is played indoor on a playing court measuring 40 

meters long and 20 meters wide. A standard match time consists of two 30 minute halves with a 

10 minute halftime break (International Handball Federation, 2016). 

 The objective of the handball match is to play the ball between the teammates by using 

only their hands to dribble the ball and pass it on (Rogulj et al., 2011). Fundamentally, players of 

two opposing teams alternately take the role of either attackers or defenders, depending on which 

team has the ball. The aim of the attacking team is to play the ball through the opposing team’s 

defense wall and score a goal and conceding as few as possible. The aim of the defense is to 

prevent opponents from scoring a goal and to assume the role of attackers, that is to win 

possession of the ball as soon as possible (Šibila et al., 2004). As in other field games, the team 

that scores more goals than the opposition wins (Rogulj et al., 2011).  

 

1.2 Characteristics of handball players 

Handball is a complex and multifactorial sport in which individual performance is a combination 

of many aspects, including physiological, technical and psychological as well as tactical 

components, physical fitness and other external influences (Wagner et al., 2014). Handball is an 

intense and dynamic game (Karcher & Buchheit, 2017) played in a confined area where a high 

degree of pressure is involved. In addition, officials and audience on the court may cause an 

increased psychological demand (Lage et al., 2011). 

Handball includes both low- and high-intensity movements, defense and offense, and 

requires specific handball movements such as passing, catching, throwing, checking and blocking 

(Arifi et al., 2019; Póvoas et al., 2012). Also, the players must coordinate their movements well 

for running, turning, stopping, jumping, pushing and changing directions (Wagner et al., 2014).  
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In handball as other sports, conditioning is usually broken down into preseason, in-season, 

and postseason phases where the training is consistent with each season phase. Preseason 

training aims at maximizing the physical fitness parameters before the start of the competitive 

season, often called in-season. The goal is to maintain the physical fitness levels achieved during 

the preseason through in-season. By the end of the preseason phase it may be suggested that 

physical status should be at peaking time and be maintained throughout the entire competition 

period (Milanese et al., 2012).  

Handball is said characterized by highly developed motor skills such as strength, power, 

speed, and endurance (Manchado et al., 2013; Sporis et al., 2010). These aspects can give a 

clear advantage in high-level competitions as well as technical and tactical skills (Peña et al., 

2018). In addition, it has been shown that anthropometric characteristics and handball throwing 

velocity are also important aspects for success in elite levels of handball leagues (Gorostiaga et 

al., 2005) So, to reach maximum player performance in handball, it is important to consider all 

these aspects for the individuals (Manchado et al., 2013). 

 

1.3 Anthropometric characteristics 

Anthropometric is the method of measuring the human body or individual body parts (Gusic et al., 

2017). Anthropometric characteristics provides important information of nutritional status in 

children and adults. In children, measurements reflect health status, whether the diet is adequate, 

growth, and development over time. However, in adults, body measurements are also used to 

evaluate disease risk and body composition (Fryar et al., 2016). In sports, body composition 

analysis is frequently carried out to assess changes in physiological status (Milanese et al., 2012). 

The anthropometric characteristics of elite handball players, such as body height, body 

weight and body mass index are highly important for performance in the sport (Gorostiaga et al., 

2005; Manchado et al., 2013). In addition, to meet the playing demands in all age groups in 

handball, anthropometric characteristics can be important (Sporis et al., 2010). The functional 

performance characteristics of players are therefore influenced by differences in body size and 

composition (Milanese et al., 2012). Specific anthropometric characteristics are considered to be 

associated with success in many team sports (Matthys et al., 2011). In general, more successful 

handball teams are taller than less successful teams (Ghobadi et al., 2013). However, handball 

players in different playing positions have different physical, physiological and anthropometric 

characteristics (Fieseler et al., 2017). 

For handball players, age and anthropometric characteristics can affect a player’s 

performance (Lidor & Ziv, 2018). Youth players have lower body height as well as less body mass 
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(Hoppe et al., 2017). These characteristics will change for youth handball players as they grow 

older, because of natural pubertal development. Also, strength training becomes more effective 

as the players get older because of maturity and because handball players face greater demands 

as they grow older. These changes are most noticeable before and after the player’s peak-height-

velocity age, which occurs at an average age of 13.5 years in male and 11.5 years in females 

(Hammami et al., 2018). The age of peak sports performance coincides with training stages in 

which the volume is constant but is still different between sports. In general, female peak at a 

younger age than male (Saavedra et al., 2018). 

All competitive sports trained at higher levels require that the body performs at the optimal 

biomechanical and physiological capacity. When it comes to selection in sports the morphological 

characteristics are important. A positive aspect regarding anthropometric measurements is that 

the comparison of anthropometrics can provide coaches with a better understanding of the 

specific demands of each playing position (Arifi et al., 2019). In youth handball performances, 

anthropometric characteristics are no less important determinants. However, there is a difference 

between individuals in growth, maturation, and trainability. Therefore, when searching for potential 

elite handball players, there should be more focus on the anthropometric, as well can biological 

maturation be a possible confounding aspect that needs to be considered (Matthys et al., 2013). 

In addition, the relationship between anthropometric characteristics and match demands may be 

more acute in female than in male players. Since development of match for females is recent, but 

many studies, in many years have been done on male handball players (Hasan et al., 2007). 

 

1.3.1 Height and weight 

Height and weight are the most frequently used anthropometric measurements to evaluate the 

nutritional state of the community (Neyzi et al., 2015). In handball, the body height of the players 

can for instance give an advantage (Matthys et al., 2012). The height is example important for 

throwing and blocking for one-on-one actions (Wagner et al., 2010). A greater height can therefore 

be a physical advantage for technical skills such as stealing, throwing and handling of the ball. 

Also, a large body can be helpful for handball performance (Bencke et al., 2002; Matthys et al., 

2011). Taller players have the benefit to easily shoot through the opponent’s defense and set a 

strong defense in front of their goal which causes opponents to have less chance of scoring (Arifi, 

Bjelica, & Masanovic, 2019). As an example, female handball players at the Montreal Olympic 

Games were examined in basic anthropometric parameters of height and body mass. It appeared 

that players in the medal winning teams were taller than the others, concluded that the height 

affected the success in handball (Hasan et al., 2007). It has also been observed that player’s 



4 
 

height seems to vary depending on the playing position. Wings showed the lowest body height 

(Fieseler et al., 2017), and the pivots and backs were the tallest players on the team (Fieseler et 

al., 2017; Peña et al., 2018). A study indicates that the averages for body height is 168.4 ± 6.2 

cm for youth female handball players (Pastuszak et al., 2018). Similar average height was 

reported in another study, examined female handball players (16.1 ± 0.6 years) were it was 1.69 

± 0.05 m (Saavedra et al., 2018). However, higher average height was reported in a study on 

female Spanish handball players where it was 171.31 ± 7.42 cm (Vila et al., 2012). A study on 

Flemish youth handball players was conducted during three competitive handball seasons. It 

showed a difference in anthropometric characteristics. The average height of the older group 

(under 16, under 17, under 18) went from 172.4 to 180.5 cm during this period (Matthys et al., 

2013). 

A study examined youth female handball players (15-18 years), indicate that the averages 

for body weight is 68.8 ± 8.6 kg (Asker et al., 2018). Another study examined younger female 

handball players (12-13 years old) reported the average weight, in the first measurement the 

weight was 45.4 ± 7.6 kg and one year later 52.3 ± 7.5 kg, indicating that weight can change just 

slightly during one-year as the players grow older (Lidor et al., 2005). When examining older 

players their weight is heavier than in younger players in most cases. However, a study examined 

female Spanish handball players (25.74 ± 4.84 years), showed the average weight was 67.55 ± 

8.06 kg (Vila et al., 2012), similar to youth players (Asker et al., 2018). In addition, female 

Norwegian national handball players (n=29) under 18 years weighted on average 62.7 ± 6.9 kg 

(Ingebrigtsen et al., 2013). 

 

1.3.2 Body mass index 

Body mass index (BMI) is a tool to monitor human’s weight status for health purposes. BMI is 

used currently as a classification system (Keys & Brožek, 1953), using the same categories for 

all body types, male and female (Nikolaidis et al., 2019). It is used to categorize humans for 

obesity and is universally expressed as weight in kilograms divided by height in meters squared 

by the units of kg/m2 (BMI = weight (kg)/ [height(m)]2) (Keys & Brožek, 1953). Table 1 shows the 

categories for BMI.  
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Table 1. Categories for Body mass index 

BMI Weight status 

Under 18.5 kg/m2 Underweight 

18.5 – 24.9 kg/m2 Normal weight 

25 – 29.9 kg/m2 Overweight 

30 kg/m2 and above Obese 

 

BMI has been used widely as a simple summary measure of individuals in overweight (Cloe et 

al., 1995). Bodyweight is then correlated with body fat and height (Bellizzi & Dietz, 1999). 

However, BMI does not measure body fat directly, and the formula does not account for age, sex, 

ethnicity, or muscle mass in adults (Cloe et al., 1995), height and weight have a certain 

relationship that can give information about anthropometry of individuals. Therefore, weight 

adjusted for height is a far more useful index with which to assess overweight, than weight in 

itself. Although weight has been considered to refer to fatness, different height of children with 

the same weight can affect widely different levels of adiposity. BMI, however, adjusts for height 

by using the square power. The only flaw that could affect the relationship between BMI and 

height is that taller populations will seems to have a higher prevalence of obesity (Bellizzi & Dietz, 

1999). However, one must have kept in mind that BMI changes substantially with age, therefore, 

when children’s BMI is measured its needs to be assessed using age-related reference curves 

(Cloe et al., 1995). Although an ideal BMI will predict chronic diseases, the measure is also used 

to confirm that a high BMI reflects excess body fat and not height (Bellizzi & Dietz, 1999). 

The purpose of the BMI measurements is multifaceted. It is widely used in sports where it 

can give coaches and players valuable information to identify talents, strengths, and weaknesses. 

Also, the measurements can be helpful to design a strength and conditioning program for every 

player (Chaouachi et al., 2009). It should also be noted that strength and conditioning training can 

lead to an improvement in body composition and performance (Kvorning et al., 2017). In a recent 

study on female handball players, the most common category was normal weight, between 18.5 

to 25 kg/m2, where the average BMI was 22.64 ±1.60 kg/m2 (Pastuszak et al., 2018). Similar 

results were reported in a study examined female handball players (16.1 ± 0.6 years), the BMI 

was 21.7 ± 2.3 kg/m2 (Saavedra et al., 2018). A bit lower BMI than female Spanish handball 

players were reported with, 22.97 ± 1.86 kg/m2 (Vila et al., 2012). The Norwegian Handball 

Federation measured female youth national players, under 18 years, their average BMI was 

reported 21.7 ± 1.1 kg/m2 (Ingebrigtsen et al., 2013) which is similar to the results on Icelandic 

youth female players (Saavedra et al., 2018). However, BMI only gives some idea about the 
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player’s body composition. Higher BMI can affect strength and agility, which are essential aspects 

of handball. It is therefore crucial to measure players BMI to understand what needs to be done 

to improve the position of players (Arifi et al., 2019; Keys & Brožek, 1953; Michalsik et al., 2015; 

Muratovic et al., 2014). 

In a study on elite female handball players, no significant difference was found in 

anthropometric characteristic’s measurement between preseason- and postseason. In the 

preseason the BMI was 23.23 ± 2.49 kg/m2 and in the postseason it was 23.0 ± 2.3 kg/m2. These 

findings show that the BMI of female handball players is similar preseason and postseason. 

Therefore, BMI does not seem to change much during the season (Milanese et al., 2012). Another 

study found similar BMI results for the preseason on youth female handball players (16.4 ± 0.8 

years) were the average BMI was 24.4 ± 8.5 kg/m2 (Asker et al., 2018). Elite Greek female 

handball players were examined in a study that reported the average BMI was 23.6 ± 2.7 kg/m2. 

When the handball players were then divided into two competition levels (A1 and A2) the results 

showed that the BMI was lower for those players who played at higher level (A1 division) than A2 

division (Bayios et al., 2006). Compared to other national teams and players, a variety of BMI 

results have been published. The BMI for elite Croatian players (24.49 ± 4.14 years) was 22.70 ± 

1.99 kg/m2 (Čižmek et al., 2010), similar to the Poland national team (26.4 years) where the BMI 

was 22.1 kg/m2 (Jadach & Ciepliňski, 2008). Lastly, youth Greece players (14.12 ± 1.09 years) 

reported that the BMI was 21.49 ± 2.35 kg/m2 (Zapartidis et al., 2009). 

 

1.4 Physical fitness in handball 

In handball, the physical fitness of the players matters greatly. Handball is considered as one of 

the fastest team sports (Arifi et al., 2019). Since changes were made to the rule of restart after 

goal, also called “fast center”, it made the game faster and more intense demands have been 

imposed on elite handball players and the physical demands led to a higher standard. Compared 

to some decades ago, the volume of training and matches played has increased (Michalsik et al., 

2015a). Besides, handball requires a great strength because of the constant contact with the 

opponent’s body and specific movements such as jumping, pressurizing, blocking and shooting 

(Arifi et al., 2019). Therefore, handball has specific requirements for anthropometric 

characteristics, technical skills, tactical understanding, and physical performance, where every 

single aspect has its role in improving the player’s performance. Besides, handball is a strenuous 

intermittent team sport, the key characteristics are claimed to be endurance capacity, sprint 

performance, jumping ability, and throwing velocity, (Krüger et al., 2014). Identifying those 
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demands for top performance in the sport is a complex process that requires good knowledge 

(Ghobadi et al., 2013).  

 Handball players must organize specific handball conditioning with some additional 

resistance to improve handball performance. Playing handball has a training effect on most of 

these qualities, but handball players normally perform additional physical training. When strength, 

sprint, endurance, sport-specific aspects, and competition are trained simultaneously during an 

entire season, then improved sport-specific performance appears (Jensen et al., 1997).  

Size and maturation can affect the physical performance capacities of youth athletes. 

These aspects should be considered when evaluating the performance of talented youth handball 

players (Matthys et al., 2011). Because of differences in growth and maturation, it’s difficult to 

identify performance-related characteristics in youth handball players. In addition, individual 

chronological age can differ by as much as 4 or 5 years from biological age within the same age 

group (Matthys et al., 2012; Saavedra & Saavedra, 2019). Players that mature early seem to have 

an advantage when it comes to strength, power, endurance, and speed, especially in sports 

where body mass is advantageous (Balyi & Way, 2009). However, those players who develop 

early may not necessarily hold on to these physical advantages until adulthood (Matthys et al., 

2011). 

It is important to consider that there are significant differences between male and female 

handball players regarding their physiological responses to the specific physical demands of the 

sport (Belka et al., 2014). Because of different unequal techniques, tactics and physical 

conditioning, sports training must be gender specific. Females and males’ responses and 

adaptation to the same training loads can be completely different (Kirkendall, 2007). Male are 

thought to be faster, have more endurance, agility, strength, and power. Simply because of these 

biological differences, the female match is played at a slower pace (Kirkendall, 2007). 

 In terms of endurance, study have shown that female players reach a VO2max of just less 

than 80% of the value achieved by male players. While female players have a fitness index of 

85% of male elite players, indicating a higher demand for aerobic performance in female’s match 

(Jensen et al., 2001). Due to physiological differences between the genders, conclusions based 

on male players cannot be transferred directly to female players (Michalsik et al., 2014). Besides, 

movement patterns or actions are different between male players and female players during 

match-play. The male players complete many more movements than female players during the 

same amount of time. For example, fast running is around 1.4% of total playing time per male 

match while it’s 0.7% in a female match. The same applies to sprint, where it’s 0.4% of total 

playing time per male match but only 0.1% in a female match (Michalsik & Aagaard, 2015) 



8 
 

1.4.1 Strength 

Strength is defined as the ability of the muscle to generate force to resistance (Can, 2017) and is 

necessary for all sports that require physical activity (Brewer, 2008). Strength can be categorized 

in many ways, including dynamic strength, speed-strength, and strength endurance. Each sport 

requires a given level of certain strength qualities so the athlete can meet the physical capacity 

requirements with the best results (Newton & Dugan, 2002). In handball, muscle strength is a very 

important aspect of performance (Manchado et al., 2013). Dynamic muscle strength is thought to 

have a positive effect and is an important aspect in handball influencing throwing velocity and 

sprinting among other things (Chaouachi et al., 2009; Ortega-Becerra et al., 2018). In other words, 

more muscular and powerful players can have an advantage when it comes to handball 

(Gorostiaga et al., 2005). 

Various types of strengths are important in handball. Improving the strength of the rotators 

of the shoulder could help players to achieve and maintain a faster throwing velocity and thus 

higher throwing effectiveness during a match (Zapartidis et al., 2007). It has also been suggested 

that there is a relationship between higher absolute maximal strength and an advantage in 

blocking, hitting and pushing (Manchado et al., 2013), as well as increasing the likelihood of 

successful performance in vertical jump, sprint, and endurance. Muscle strength and power 

should, therefore, be well developed for handball players so they can perform at the elite level 

(Matthys et al., 2011). On the other hand, a combination of strength and endurance training during 

the same period can prevent the development of strength (Bompa & Haff, 2009; Jensen et al., 

1997) 

Handgrip strength as well as hand anthropometry are important in handball for the reason 

that all shots and throws are finished with the wrist and fingers; the greater the finger length, the 

better the accuracy of the shot or throw (Visnapuu & Jürimäe, 2007). Players with large hands 

can grab the ball more tightly which gives the player confidence to accelerate the ball as much as 

possible throughout the whole movement pathway (Manchado et al., 2013). In several sports that 

require a sustained level of hand prehensile force to maximize control and performance, handgrip 

strength is often measured. When performing a handgrip strength test, the subject produces force 

with all fingers (Visnapuu & Jürimäe, 2007). It is often estimated in screenings of normal motor 

function as it is referred to as one of the most accurate and reliable clinical methods for estimating 

strength (Häger‐Ross & Rösblad, 2002; Zapartidis et al., 2016). Handgrip strength measurement 

is a fast, simple, economical, well-established method and produces a result which is simple to 

record (Innes, 1999). However, there are different instruments and methods recommended 
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(Visnapuu & Jürimäe, 2007). The force can also be measured in many ways, in kilograms and 

pounds, in milliliters of mercury and in newtons (N) (Massy-Westropp et al., 2011). 

Factors like gender, age, and physical fitness can influence handgrip strength (Leyk et al., 

2007). A study on handgrip strength using the Grippit instrument method reported, the average 

peak grip strength for 16-year-old females 322 ± 53.7 N (Häger‐Ross & Rösblad, 2002). In 

handball, the handgrip strength can affect the performance of players as it plays a major part in 

movements like throwing and catching (Visnapuu & Jürimäe, 2007). A strong handgrip can also 

benefit overall ball control (Matthys et al., 2013). A study examined female handball players (16.1 

± 0.6 years) reported that the average handgrip strength was 228.7 ± 40.8 N (Saavedra et al., 

2018). However, higher results were found in the latest study, examined younger female handball 

players were the average handgrip strength was 241.9 ± 38.0 N (Saavedra et al., 2020). 

Moreover, in a study examining female Spanish handball players, the average handgrip strength 

was reported 346.72 ± 49.29 N (Vila et al., 2012). 

 

1.4.2 Power 

Power (P) can be defined as work (W) divided by time (t) [P= W/t] (Bompa & Haff, 2009). Power 

is the ability to exert a maximum strength or force in an as short amount of time as possible 

(Sabido et al., 2016). Power is therefore related to speed, which is related to quick movements 

(García et al., 2013). For athletes, it’s the ability to generate high power output which may 

determine sporting success (Can, 2017; Newton & Dugan, 2002; Sabido et al., 2016). There is 

great interest in power development in sport science and how coaches and athletes can increase 

that power (Baker, 2001). Muscular power is one of the main aspects involved in sports that 

include high force production over a short time. One of the sports that is related to the application 

of high levels of power is handball (Sabido et al., 2016). The game is highly power-dependent 

since it involves high-intensity muscular actions that include specific movements and repeated 

explosive muscular contractions (Schwesig et al., 2016). The power of handball players can be 

divided into two parts; lower- and upper limbs. The sport requires muscle action for lower limbs 

include jumping and sprinting, and for upper limbs include throwing (García et al., 2013; Michalsik 

et al., 2015b; Schwesig et al., 2016; Srhoj et al., 2006). 

Lower-limb strength is necessary for handball players to be able to create more power. 

With increased power the player is able to make higher jumps (Ortega-Becerra et al., 2018). The 

power of leg extensors is, therefore, an important aspect of performance in vertical jumps for 

handball players (Aura & Komi, 1986). The vertical jumping ability is a very influential aspect 

because it enables the player to reach a higher vertical position to throw above the defense wall 
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and be more likely to get past the opponent and score a goal. Also, for the purpose of blocking 

and defending throws of the opposing team effectively (Krüger et al., 2014; Wagner et al., 2014). 

Countermovement jumps (CMJ) is one type of vertical jumping and is widely used to 

evaluate motor development, functional ability, and motor capacity in youth athletes (Picerno et 

al., 2011). CMJ was one of the most extensively studied jump tests in the last two decades of the 

20th century (Martin Acero et al., 2012). CMJ can be performed with arm swings or with none. 

When jumps with arm swing are compared with jumps without arm swings, the average height of 

the jump can be 10% greater when the arms are used (Martin Acero et al., 2012). The height of 

the CMJ is often estimated by applying the equation of free-fall to the motion of the center of mass 

during the flight phase (Picerno et al., 2011). The flight time is the most accurate and frequently 

used variable on vertical jumping and in the biomechanical analysis of athletic performance. The 

most common methods used for measuring flight time are contact platform, infrared platforms, 

force platforms, and video-based methods (Balsalobre-Fernández et al., 2014). In the video-

based methods, a high-speed camera is used to record the jump. For each frame, the position of 

landmarks on the knee joint is determined with a motion-analyzer and the jumping height is then 

calculated by subtracting the landmarks from the highest position (Bobbert et al., 1986). However, 

there may be different results depending on the method used. In a longitudinal study on Flemish 

youth handball players (U16, U17, U18), CMJ with arm swings was recorded with an OptoJump, 

which is a video-based system of analysis. The average CMJ height increased over a three-year 

period, from being at average 37.2 cm at the first measurements to 43.4 cm in the second and 

42.5 cm in the last measurements (Matthys et al., 2013). 

 

Explosive power tests involving the upper limbs or trunk musculature are not as readily 

available as tests for the lower limbs (Stockbrugger & Haennel, 2001). Power in the upper limbs 

for handball players is connected to throwing velocity, which requires both accuracy and speed 

(Van den Tillaar & Ettema, 2006). To evaluate the explosive power of the upper-limbs, medicine 

ball throw (MBT) has been widely used (Leite et al., 2016). However, it is a very general and 

poorly validated test (Rivilla-García et al., 2011). MBT is considered to estimate extensors of 

shoulders, elbow, and trunk which is among other things the main elements of handball throwing 

(Lidor et al., 2005). Strength and speed are important elements in this case; with more strength, 

MBT can be improved (Hermassi et al., 2015). There are many types of MBT tests. Some 

examples are 1) backward overhead MBT which is a type of total body explosive power 

performance (Fathloun et al., 2011), 2) seated MBT by pushing the ball away from the center of 

the chest (Harris et al., 2011), 3) side MBT with a rotation of the trunk (Ikeda et al., 2007), 4) 
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standing forward overhead MBT (Rivilla-García et al., 2011) and 5) tall kneeling MBT with both 

knees on the ground performed with chest pass and forward fall after releasing the ball (Sharrock 

et al., 2011). However, less is known about the kneeling forward overhead MBT which is used in 

this present study (Norweigian handball federation, 2017). 

A study on handball players showed a high correlation between a light overhead MBT with 

one hand and throwing velocity (Rivilla-García et al., 2011). This strong correlation may be due 

to the similarity in coordination and technical performance. In this case MBT with light weighted 

ball was more suitable for handball players as it is more specialized for the sport itself. However, 

the results of the MBT test depend entirely on the procedure (Rivilla-García et al., 2011). In a 

standing overhead MBT using ball weighted 1 kg, female handball players were throwing average 

7.73 m with a little increase of 0.45 m over a one-year period (Lidor et al., 2005). 

MBT allows for movement through multiple planes and incorporate a variety of muscle 

contraction sequences and velocities. Explosive power generation using MBT involves high levels 

of reactive neuromuscular control. (Stockbrugger & Haennel, 2003). In many sports, the use of 

medicine balls in training is growing as practitioners see the wide range of skills that can be 

trained. Besides, MBT is also used as specific training method for success in sports (Stockbrugger 

& Haennel, 2001) like improving throwing velocity in handball (Rivilla-García et al., 2011). MBT 

training can be described as plyometric training (Szymanski et al., 2007) which is typically used 

to increase explosive power (Ikeda et al., 2007). The movement pattern in MBT allows the athlete 

to imitate the powerful, sequential, and rotational actions used in throwing (Szymanski et al., 

2007). In addition to that, a study showed that there is a strong relationship between MBT test 

and core strength (Sharrock et al., 2011). 

 

1.4.3 Speed 

Speed is the ability to cover a distance quickly and is related and depends in large part on the 

players muscular strength. It’s a crucial ability that can affect performance in many sports (Bompa 

& Haff, 2009). When performing a sprint, the human body uses the anaerobic alactic metabolism 

or the ATP-PCR system (Karpan et al., 2015), which provide the muscles with energy in 3 -15 

seconds (Larry et al., 2015). 

Parts of the handball match can be very fast (Hermassi et al., 2015). In critical moment 

such as winning possession of the ball and scoring goals depend on such actions (Chelly et al., 

2014). Fast changes between offense and defense activities require a well-developed 

acceleration and sprint performance (Krüger et al., 2014). Handball players need to be able to 

accelerate quickly over short distances, as well as being able to change direction suddenly in 
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competition, therefore, sprint ability is a very important conditional aspect (Matthys et al., 2011). 

It is a crucial aspect to be able to intermittently perform short duration activities during games like 

sprinting to obtain a high level of performance in handball (Póvoas et al., 2012; Wagner et al., 

2014). The capability to reproduce high intensity sprints can be examined requiring the athlete to 

reproduce an all-out sprint after a short recovery period. Distance of 30 m is recommended (Reilly, 

2001) because handball players rarely run more than 30 m during a match (Chelly et al., 2014). 

 In youth handball match, high speed sprinting accounts for only 11% of the total distance 

covered (Chelly et al., 2014). Sibila et al. (2004) demonstrated that handball players perform on 

average 10 to 12 m sprints during 2.3 seconds. In addition, handball players complete on average 

70 sprints per match with an average sprint distance of 6-8 m (Šibila et al., 2004).  

In the northern region of Norway, the best female youth elite handball players within their 

age group (under 18 years and under 16 years) were examined as they performed 30 m sprint 

where the timing started automatically. The average 10 m sprint time was 2.04 ± 0.10 s and the 

average 30 m sprint time was 4.87 ± 0.22 s with the U18 players. The younger (U16) group ran 

slower, the 10 m sprint time was 2.11 ± 0.10 s and the 30 m sprint time was 5.03 ± 0.22 s 

(Ingebrigtsen et al., 2013). Similar results were found in a longitudinal study by Matthys et al. 

(2013) where the younger group (U14, U15, U16) ran slower than the older group (U16, U17, 

U18) both in 10 m sprint and 30 m sprint. In three measurements over a three-year period with 

the younger group, the average 10 m sprint time was 2.06 s in the first measurements, 1.94 s in 

the second and 1.91 s in the last measurements. In the older group the average 10 m sprint time 

was also always shorter with each measurement and rising age, from 1.91 s in the first 

measurements to 1.83 s in the last measurements. As for the 30 m sprint, there were also 

improvements in both groups, but the older group was faster, as with the 10 m sprint. The average 

time for the younger group was 5.02 s in first, 4.75 s in second and 4.61 s in the third 

measurements. In the older group the time for 30 m sprint was 4.56 s in the first measurements, 

4.48 s in the second and 4.34 in the third measurements (Matthys et al., 2013). 

 

1.4.4 Endurance 

Endurance is the human body’s ability to work for a long time, and can be divided into two types, 

aerobic and anaerobic endurance. Aerobic endurance is the body’s ability to work for a long time 

with low intensity, while anaerobic endurance is the body’s ability to work for shorter time with 

high intensity (Larry et al., 2015). In handball the physical effort is based on both types of 

endurance because the sport involves many cyclic movements and activities with only short 

breaks (Karpan et al., 2015). Endurance capacity, sprint performance, jumping ability and a high 
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throwing velocity is reflected in a highly developed anaerobic endurance (Schwesig et al., 2017). 

Highly developed anaerobic endurance capacity is therefore considered to be necessary for 

players (Krüger et al., 2014) as intermittent actions like repeated jumps and struggling for the ball 

are a major part of the match (Matthys et al., 2012). On the other hand, aerobic mechanisms is 

around 90% of the energy during a handball match (Matthys et al., 2011). That’s why improved 

aerobic capacity is also important. It helps players to achieve faster recovery in less time between 

high-intensity efforts (Matthys et al., 2011), like recovering between sprints, as there are a lot of 

repeated sprints during a match (Hermassi et al., 2015; Wagner et al., 2014). 

Handball players work intensely for short, intermittent time intervals, while always 

changing between standing, walking, jogging and performing moderate running, sprinting and 

moving forwards, backwards and sideways at the same time as being tackled, grabbled and 

pushed (Michalsik et al., 2015a; Wagner et al., 2014). Therefore, a specific high level of 

endurance is essential for handball players (Wagner et al., 2014) so they can perform repeated 

high-intensity actions (Matthys et al., 2013) and keep up the high level of play during the entire 

sixty-minute match (Michalsik, 2018; Wallace & Cardinale, 1997). During a handball match, most 

distance covered is spent performing low-intensity anaerobic actions with a short duration of very 

high-intensity anaerobic actions (Póvoas et al., 2012). A study reported that on average, the 

distance covered was 3399.2 ± 262.3 m. Handball players then covered around 12% of the 

average distance while walking, 28% while jogging, 24% with medium intensity running, 16% with 

high intensity running, and sprinting accounted for 20% of the average distance (Belka et al., 

2014). Another study showed similar results, in a female handball match where there were high 

aerobic demands compared to very brief periods of substantial anaerobic energy production on 

the players (Michalsik et al., 2013). Even though high-intensity endurance training should be 

looked at in more detail in the full training session planning, it appears that high aerobic capacity 

is no less important to maintain a high level of performance over the entire sixty-minute match 

(Manchado et al., 2013). Therefore, it seems logical to evaluate handball players ability to 

repeatedly perform intense exercise and with that the potential to recover from intense exercise 

(Krustrup et al., 2003). One intermittent field test that evaluates these requirements of 

simultaneous stimulation of the aerobic and anaerobic energy system is the Yo-Yo intermittent 

recovery (Yo-Yo IR) test (Krustrup et al., 2006) designed by Bangsbo (Bangsbo et al., 2008). The 

Yo-Yo IR test is easy and valid way to receive information of an individual’s capacity to perform 

repeated high intensity activity for sustained period and to examine changes in performance 

(Bangsbo et al., 2008; Reilly, 2001). It has become one of the most extensively studied fitness 

test in sport science (Bangsbo et al., 2008).  



14 
 

There exist two levels of the Yo-Yo IR test. Level 1 (Yo-Yo IR1) starts at lower speed and 

is considered for untrained and less trained participants, while level 2 (Yo-Yo IR2) is for well 

trained and elite trained athletes and starts at a higher running speed than the level 1 test. It is 

assumed that level 2 is suitable for those who can run longer than 2880 m in level 1 or achieve 

maximum oxygen uptake (VO2max) from 60,6 ml/kg/min or higher. The difference between the 

levels is that for a trained individual, the level 1 lasts from 10-20 minutes and is mainly focusing 

on an individual’s endurance capacity. Meanwhile, the level 2 lasts from 2-15 minutes and aims 

to measure a trained individual’s ability to recover from repeated exercise with a high contribution 

from the anaerobic system. The heart rate increases faster in the IR2 test, causing an increasing 

oxygen uptake (VO2). As for the formula to estimate VO2max from the result of the Yo-Yo IR2 test, 

the distance in meters is multiplied by 0.0136 plus 45.3. Another formula applies to Yo-Yo IR1 

(Bangsbo et al., 2008). In addition, from the Yo-Yo IR2 score it is possible to calculate the VO2max 

for each player and estimate it to ml/min/kg. Values of maximum oxygen consumption can though 

be different based on age and gender (Saavedra et al., 2018). 

Measurement on elite athletes in sports that requires intermittent exercise showed that 

athletes are performing better in the Yo-Yo IR test when they are at higher level of competition. 

In addition, with rising age the performance increases for youth players in the Yo-Yo IR test 

(Bangsbo et al., 2008). The Yo-Yo IR test has been used frequently on athletes (Bangsbo et al., 

2008). A study examined 47 female elite handball players in Yo-Yo IR1, the average distance 

covered was 1576 ± 311 m (Schmitz et al., 2018). The same study showed results in Yo-Yo IR2 

for 67 male handball players, where the average distance covered was 752 ± 300 m (Schmitz et 

al., 2018). As has been said before, there is a difference between level 1 and level 2, therefore 

difficult to compare results (Bangsbo et al., 2008). Another study examined male elite handball 

players (17.7 ± 0.3 years), showed that the average distance covered in Yo-Yo IR1 was 1745.45 

± 404.08 m (Hermassi et al., 2014). That shows that males are able to run farther than females in 

the Yo-Yo IR2 based on these studies (Hermassi et al., 2014; Schmitz et al., 2018). 

More common studies on females are using the Yo-Yo IR1 test rather than the Yo-Yo IR2 

test (Kilic-Toprak et al., 2015; Moss et al., 2015; Schmitz et al., 2018). It seems then more 

common for male handball players to be examined using the Yo-Yo IR2 test (Kvorning et al., 

2017; Schmitz et al., 2018). A study examined male Danish national handball players (29.5 ± 4 

years), reported that 8 weeks of strength and conditioning training led to significant improvements 

in the Yo-Yo IR2 test. The male players were analyzed pre- and post the Olympic Games where 

they achieved 797 ± 175 m pretraining and 997 ± 167 m post-training, given that the performance 

increased by 25% in the Yo-Yo IR2 test (Kvorning et al., 2017). It should then be kept in mind that 
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improved agility capacity might affect player’s ability to perform the Yo-Yo IR2 test because of 

improved techniques relating to faster change of direction, acceleration, and decelerations 

(Kvorning et al., 2017) 

A study examined female youth handball players, where the participants were classified 

as elite players (15.8 ± 1.3 years), from high standard European league club teams, and as top 

elite players (17.1 ± 1.1 years) who were European international players. The showed that elite 

players were running on average 935 ± 394 m as distance covered in the Yo-Yo IR1, while the 

top elite players were running on average 1663 ± 327 m (Moss, 2014). Similar results were 

reported in a study that examined female handball players in the A-team (23.7 ± 3.9 years), under 

19 (18.3 ± 0.7 years), under 17 (16.1 ± 0.6 years) and under 15 (14.5 ± 0.5 years) national teams. 

Older players were achieving higher speed scores in the Yo-Yo IR2 test than younger players. 

Considering that the A-team was with a significantly higher speed score (19.7 ± 1.0 km/h-1) than 

the other national teams (18.2-18.8 km/h-1) (Saavedra et al., 2018). 

 

1.5 Throwing velocity 

Throwing ability is a part of specific handball skills and one of the most important elements and 

aspects for success in handball (Ferragut et al., 2018). It constitutes an important competitive skill 

that contributes to the performance of the athlete and also to the performance of the team 

(Zapartidis et al., 2007). The throwing movement is a typical example of an explosive action, 

where both speed and strength play a central role (Hermassi et al., 2015). 

The throwing movement is a complex body activity with sequential activation of body parts. 

A right-handed thrower goes from the left foot to the right hand (Bayios et al., 2001). Three basic 

aspects are important regarding the efficiency of arm throwing: the throwing technique, the timing 

of the consecutive actions of the body segments, and upper and lower-extremity muscle strength 

and power (Gorostiaga et al., 2005). Around 53% of the velocity of the throws relates to arm 

action, while 47% is due to the step and body rotation (Bayios et al., 2001). To increase the speed 

of the ball release, increased trunk flexion, trunk rotation and shoulder internal rotation is 

important (Wagner et al., 2010). Besides, a study has shown correlations between throwing 

velocity and the maximal pelvis and trunk rotation angular velocity (Wagner et al., 2011). 

 For a throw to be effective it requires the highest velocity in combination with aiming 

accuracy (Zapartidis et al., 2007) as well as an element of surprise for the defensive players and 

goalkeeper. It is important to optimize the movement of the throwing arm, the velocity of the 

shoulder, elbow, and wrist (Wagner & Müller, 2008). First and foremost, the ball throwing velocity 

depends on the players ability to accelerate the ball with an overarm throw. By throwing the ball 
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faster towards the goal, the shorter the time for the opponent’s defenders and the goalkeeper to 

save the shot and the potential of scoring will be higher (Ferragut et al., 2018; Manchado et al., 

2013). Therefore, the ability to score a goal depends upon the velocity of the ball and the accuracy 

of the throw (Bayios et al., 2001). It is claimed that older and more experienced handball players 

throw faster than youth or non-experienced players because they have had longer training time 

and more experience to develop a good throwing technique (Mohamed et al., 2009). 

Faster throwing velocity can be achieved by improving the strength of the shoulder rotator 

muscles, especially of the internal rotator (Bayios et al., 2001; Edouard et al., 2013). Strength and 

power are considered to have a positive influence on each other. However, the velocity of a 

handball throws also dependent on body segments coordination and technical skills, not only on 

the muscular strength (Vila et al., 2012). In addition, it needs to be kept in mind that to optimize 

handball specific strength and power, training has to be specialized for gender and playing 

position (Wagner et al., 2014). 

Throwing movements are often classified as underarm, overarm or sidearm. Overarm 

throws are characterized by lateral rotation of the upper arm in the preparation phase and its 

medial rotation in the action phase. This movement is one of the fastest joint rotations in the 

human body (Bartlett & Robins, 2008). Not only does the throwing movement involve rotations of 

all joints of the arm but it is also considered to be a complex movement (Zapartidis et al., 2007). 

Throwing also includes the hip and trunk, as well as elbow extension and wrist flexion. The velocity 

will be higher if more rotations are brought into the action. As with other throws, velocity it is based 

on different actions. It is estimated that 53.1% of the velocity of the overhand throws are attributed 

to arm action and 46.9% are due to the step and body rotation (Toyoshima et al., 1974). In 

addition, the internal and external rotators of the shoulder play a very important role in the stability 

of the glenohumeral joint and the kinematics of overarm throwing, possibly resulting in a greater 

throwing velocity (Bayios et al., 2001; Zapartidis et al., 2007). A study has shown that the internal 

shoulder rotation angular velocity at ball release, maximal elbow extension and the timing of the 

maximal pelvis angle are important contributors to throw velocity (Wagner et al., 2011). 

The throwing technique in handball are several and different from each other (Wagner et 

al., 2011). The physical demands of handball include various types of throwing (Schwesig et al., 

2017). The standing throw involves keeping the lead foot in contact with the floor during the throw 

and is typical for the penalty throw in handball. In the standing throw with run-up, one foot is 

planted on the floor after three regular steps or run-up before releasing the ball. Lastly, the jump 

throw is performed with a vertical jump off one leg after the run-up (Wagner et al., 2011). Throwing 
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techniques are often based on playing positions and are dictated by the movements of the 

defensive players (Wagner et al., 2010). 

Sport-specific skill tests like measuring throwing velocity, are probably the most useful for 

long-term development of athletes (Matthys et al., 2012). In an average handball match in the 

Portuguese National League, each player takes about seven shots on the goal (Póvoas et al., 

2012). The most common throwing technique or 75% of all throws during a match are jump throws 

after a run-up (Wagner et al., 2014). The advantage of the jumping throw technique is that it 

enables a better throwing position, throwing over the rival block, and gives more time for decision 

making, like, watching the goalkeeper before throwing the ball (Lage et al., 2011; Wagner et al., 

2011). However, the standing throw with run-up is the throwing technique with the highest 

throwing velocity, followed by the jump throw, and then the standing penalty throw (Vila et al., 

2012). Throwing techniques also aim to different movements of the lower limbs which can cause 

achieving different throwing velocity (Gorostiaga et al., 2005; Rivilla-García et al., 2011; Vila et 

al., 2012). Because of increased acceleration of the pelvis and trunk in the standing throw with 

run-up, greater throwing velocity can be achieved (Wagner et al., 2011, 2014) 

Studies have suggested that anthropometric characteristics such as height and weight are 

related to throwing velocity (Debanne & Laffaye, 2011; Matthys et al., 2011; Van den Tillaar & 

Ettema, 2004; Wagner et al., 2010; Zapartidis et al., 2007). Positive correlation was found 

between height and weight and throwing velocity in jump throws in elite handball players 

(Schwesig et al., 2017). It must be kept in mind, that there is difference between gender in 

throwing velocity. Muscle mass and height can be the reason for this difference (Van den Tillaar 

& Ettema, 2004). In addition, different training methods can enhance throwing velocity in handball 

players (Andersen et al., 2018; Cherif et al., 2016; Hermassi et al., 2010, 2015; Marques & 

González-Badillo, 2006). Especially when the upper body is invoved in the routines. It is claimed 

that with certain strength training, throwing velocity can be improved. A study showed significant 

throwing velocity improvements after 10 weeks of heavy load training in both standing throw with 

run-up and the jump throw (Hermassi et al., 2018). 

 

1.6 Measurements and performance 

Relations between different sports and physical characteristics is a factor to consider in the 

success of every sport. In some sports there is a certain physical profile necessary to reach the 

highest levels of performance. Positions in the playing field also require certain physiological and 

physical attributes. This is important in handball because each specific position requires certain 

skills related to each position’s specified tasks (Vila et al., 2012).  
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In many ball sports such as handball, coaches use physical and technical tests on regular 

basis in early stages of talent identification and development, to find individuals who can attain 

the highest level in a certain sport (Lidor et al., 2005). Researchers have observed that physical 

fitness tests can be useful to measure physical skills that are required in handball to identify 

expectant top elite handball players (Massuça et al., 2014). The tests help the coach to gather 

information on the sport’s abilities and helps determine whether the athlete fulfills the basic 

requirements of the sport (Lidor et al., 2005). The measurements can also give a great insight 

into the current status of the players (Sporis et al., 2010), as it helps coaches to consider strength 

and weaknesses of each player during training sessions (Krüger et al., 2014). By targeting specific 

strength qualities with certain training and testing, greater efficiency of training effort can be 

achieved resulting in enhanced athlete performance (Newton & Dugan, 2002). Measurements 

also allows coaches to evaluate the players and to implicate the right training volume and intensity 

to raise their capabilities (Sporis et al., 2010). An appropriate planning of the training procedure 

is necessary for the development of athletic performance (Krüger et al., 2014). In addition to 

technical and tactical skills, the most important aspects that can give a clear advantage for 

success in elite levels of handball leagues are anthropometric characteristics and high levels of 

strength, muscle power, and handball throwing velocity (Gorostiaga et al., 2005).  

 To be able to have a full understanding of youth handball concerning maturation, future 

research might look at tracking 1) the effect of maturation on selection in the sport, 2) the effect 

of maturation at different age and standards of play, and 3) how coaches perceive and react to 

players with different maturity. This could be done to check for trend in elite handball populations 

over time and to have more handball-specific skill tests (Matthys et al., 2012).  

 It is therefore necessary to study the development of the handball players performance in 

many areas such as anthropometric characteristic, physical fitness and throwing velocity. Most 

previous studies (Fieseler et al., 2017; Ghobadi et al., 2013; Massuça et al., 2014; Michalsik et 

al., 2015a; Schwesig et al., 2017; Wagner et al., 2014; Ziv & Lidor, 2009) analyzed these aspects 

on adult players and in most cases, male players. Sport performance is of course influenced by 

gender and age of the players. There are fewer studies on youth handball (Matthys et al., 2013; 

Mohamed et al., 2009; Visnapuu & Jürimäe, 2009; Zapartidis et al., 2009). In addition, relative to 

those of male players, there have been few studies on female handball players (Ferragut et al., 

2018; Granados et al., 2007, 2013; Hasan et al., 2007; Lage et al., 2011; Michalsik et al., 2014; 

Vila et al., 2012) in different age groups. However, not nearly as much in comparison with male 

handball studies. Therefore, it is important to examine the status of youth female handball players 

and do more studies who study these aspects and has increased in recent years. 
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2. Objectives 

The objective of this study were: 

i. To analyze the differences over two-years in anthropometric characteristics, 

physical fitness and throwing velocity between measurements 

ii. To analyze the difference over two-years in anthropometric characteristics, 

physical fitness and throwing velocity between players in three selected 

measurements 

 

3. Methods 

3.1 Study design 

This is a cross-sectional and longitudinal study done in collaboration with the Icelandic Handball 

Federation, HSÍ. As the Icelandic youth national handball players were examined. The 

independent variables in this study were the results from each test; anthropometric characteristics 

(height, weight, BMI), physical fitness tests (handgrip strength, countermovement jump, medicine 

ball throw, 30 meter sprint with 10 meter split time, Yo-Yo Intermittent recovery test) and throwing 

velocity. The dependent variable was a two-year period of training and competing, which was 

examined in two ways, by measurements and by players in three selected measurements. 

 

Table 2. Tests variables 

Independent variables Dependent variable 

Height (m) Measurements 

Weight (kg) Players 

BMI (kg/m2)  

Handgrip strength (N)  

Countermovement jump (cm)  

Medicine ball throw (m)  

10 m sprint (s)  

30 m sprint (s)  

Yo-Yo Intermittent recovery test (m)  

Throwing 7 m (km/h)  

Throwing 9 m with 3 steps (km/h)  

Throwing 9 m with a jump (km/h)  
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3.2 Participants 

A total of twenty-two female handball players (age 16.55 ± 1.11 years), members of the Icelandic 

youth national teams, under 15 years (U-15), under 17 years (U-17) and under 19 years (U-19) 

participated in this study. Table 2 lists descriptive statistics on participants between 

measurements over a two-year period. 

 

Table 3. Descriptive statistics on participants between measurements 

 Date of measurements Season Participants (n) Age (M ± SD) 

Measurement 1 January 2017 Transition 22 15.51 ± 0.86 

Measurement 2 June 2017 Off-season 15 15.94 ± 0.86 

Measurement 3 September 2017 In-season 20 16.24 ± 0.86 

Measurement 4 May 2018 In-season 12 16.89 ± 0.86 

Measurement 5 September 2018 In-season 14 17.24 ± 0.86 

Measurement 6 January 2019 Transition 22 17.50 ± 0.86 

M = mean, SD = standard deviation, n = number of participants 

 

The players that participated were selected by the coaches of each national team when the 

national teams were practicing together at the time of the measurements. Data was collected from 

all players in each national team, but the data used was only by those players that attended to 

measurements from January 2017 to January 2019 or participated in at least four measurements. 

The main reason for dropout between measurements were injuries, sickness, non-availability on 

the testing day, cessation of handball activities or the player was not selected for the national 

team project again. In addition, players were excluded from the testing if they experienced pain 

or severe muscle stiffness, or if the national team coach concluded that it was not safe for the 

player to participate. It should be kept in mind that during this two-year period the players were 

measured in at different times during the playing season. The Icelandic handball league is played 

over a 9-month period. The competition season starts in September and ends in May, but with a 

training break or transition season from the middle of December to the end of January. After the 

competition period ends in June, the off-season starts were players are training themselves, and 

then the preparation or pre-season starts in July. Table 2 lists descriptive statistics on participants 

between measurements, showing at what time in the season the measurements were conducted. 
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3.3 Procedures 

Six measurements were analyzed, from January 2017 to January 2019. This two-year period was 

chosen since it provided the most information for the objective of the study. In addition, other 

similar studies have examined the development of athletes within two- or three-year periods (Lidor 

et al., 2005; Matthys et al., 2012, 2013). 

The tests taken for this study were standardized and decided in consultation with the 

Icelandic Handball Federation and the Sports science department. Therefore, these same tests 

have been repeated for several years. The measurements include test to evaluate anthropometric 

characteristics, handgrip strength, power in two ways; countermovement jump and medicine ball 

throw, speed with 30 m sprinting test, endurance with Yo-Yo intermittent recovery test level 2 and 

throwing velocity (7 m-throwing, 9 m -after 3 steps, and 9 m after 3 steps with jump). The results 

of these tests were examined between six measurements and examined between players in three 

selected measurements, where each player was compared to himself over two years to see if 

there were any differences. Only three of six measurements were used to examine longitudinal 

development changes between players because of unequal participation in the measurements. 

The measurement chosen were the measurements with the highest participation. Those 

measurements were measurement 1 (January 2017), measurement 3 (September 2017), and 

measurement 6 (January 2019). 

The participants were measured six times during a two-year period of training and 

competing with the Icelandic youth female national handball teams. Data were collected from 

January 2017 to January 2019. All measurements were part of the first training to a weekend-

long training camp with their youth national team. All the measurements took place on Friday 

mornings at the sports center of the sport club Víkingur in the indoor court, which is located at 

Traðarland 1, 108 Reykjavík. Every measurement was organized in the same way and the set up 

was the same for each test. As these tests were conducted for the Icelandic Handball Federation, 

HSÍ, the data were treated without reference to each player’s name. The results cannot be 

generalized to the whole group, because the study is based on individuals, not the whole national 

team. However, all clubs within the association can access results for their players, as well as 

average values and highest and lowest values for each national team. The study was approved 

by HSÍ and Reykjavík University and respected the principles of the Declaration of Helsinki. 
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3.4 Measurements 

3.4.1 Testing schedule 

A multidimensional test battery was used, including general as well as handball specific tests. The 

participants were carefully familiarized with the testing protocol, as most of them had been 

previously tested on several times in previous seasons. All participants were assessed on the 

same day. Every national team was called one at a time for hour-long measurement from 9 am 

to 12 pm. First, the participants were measured in those tests that affect physical ability the least, 

two basic anthropometry measures such as height and weight, and then handgrip strength. After 

the anthropometry measurements, the participants performed a standardized 15-minute warm-up 

procedure consisting of stretching exercise, 4-6 repetitions of 30 m doing different exercises 

(knees up, lunge walk, etc.), 5-7 accelerations of 30 m building up the speed, and 10 minutes of 

passing. Full recovery was ensured between each of the trials (Saavedra et al., 2018). Following 

the warm-up, players perform the physical fitness tests. The tests contained a countermovement 

jump (CMJ), medicine ball throw (MBT), 30 meter sprint with 10 m split time and a throwing 

velocity test. 

The participants were grouped into four groups after the warm-up and each group was 

placed on one station where the tests were performed. Participants completed two trials on each 

station and the best score was recorded for further analysis. When all four groups had performed 

four tests, the whole group completed the last test together in the end, which takes the most effort 

on the body to perform, the Yo-Yo intermittent recovery test level 2 (IR2). 

 

 

3.4.2 Anthropometric characteristics 

Reference: Balyi & Way (2009) and Keys & Brožek (1953). 

Anthropometric measurements were taken using standardized protocols. The participants were 

measured in height and weight in light clothes without shoes using Scale SECA. The participants 

stood in an upright position on the scale with heels, buttocks, and shoulder pressed against the 

stadiometer and arms hanging freely by the side. The participants looked straight ahead and 

stood as tall as possible. The measuring bar was drawn down to the participant’s head and 

standing height was recorded to the nearest 0.1 cm (Balyi & Way, 2009). The height was 

measured in meters (m) and the weight in kilograms (kg). To evaluate the relationship between 

height and weight, body mass index (BMI) [weight (kg)/ height² (m)] was then calculated for each 

participant, recorded in kg/m2 (Keys & Brožek, 1953). 
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3.4.3 Handgrip strength 

Reference: Visnapuu & Jürimäe (2007). 

To evaluate the isometric strength of flexors of wrist and fingers of the throwing hand a Vernier 

hand dynamometer (Vernier, Orlando, USA) was used (Visnapuu & Jürimäe, 2007). The 

participants performed one repetition at maximum intensity while sitting on a chair, back against 

the backrest, with feet on the ground, and elbows flexed at 90 degrees (Saavedra et al., 2019). 

The dynamometer was held freely with the dominant hand without support or wrist movement and 

without touching anything. The purpose of the test was to squeeze the dynamometer as tightly as 

possible for a few seconds. The players tried to get the maximal force effort in one trial and the 

highest number was used for the analysis. The handgrip strength was recorded in Newtons (N). 

 

3.4.4 Countermovement jump 

Reference: Balsalobre-Fernández et al. (2014), Bosco et al. (1983) and Granados et al. (2013). 

To evaluate the power of the extensors of the knee and hip the participants performed maximal 

countermovement jump (CMJ) with no arm swing (Bosco et al., 1983). Starting from an upright 

standing position, the aim was to jump as high as possible (Gorostiaga et al., 2005). The CMJ 

was evaluated by measurements of high-speed video recordings (Casio, Exilim camera, 300 

frames/s) during jumping. Once the jumps made by the participants had been filmed, the jump 

height was calculated using Kinovea software. 

The video camera was placed on a tripod at a distance of 1.5 m perpendicular to the 

players’ sagittal plane and the filming zone (Balsalobre-Fernández et al., 2014). The jumping zone 

was marked out on the floor. A stick marked with 50 centimeters was placed in the front of the 

jumping zone in line with the participant’s left leg. A tape was placed as a marker on the 

participants lateral knee joint (lateral condyle). The height of the jump was then determined using 

the open-license motion-analyzer software package, Kinovea (Kinovea 0.8.15 for Windows; 

available at http://www.kinovea.org) by comparing the marker on the participants knee the video 

recording to the stick (Bobbert et al., 1986; Saavedra et al., 2018). Jumping height was measured 

by following the marker from standing position before the take-off which was marked with 0 and 

the highest position in the air based on the knee joint marker (Balsalobre-Fernández et al., 2014). 

If the jump did not meet the criteria for a successful jump it was repeated (Balsalobre-Fernández 

et al., 2014). The participants got two trials of successful jumps for the maximal jump height. The 

highest jump was then recorded in centimeters and used for further analysis. 

 

http://www.kinovea.org/
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3.4.5 Medicine ball throw 

Reference: Norweigian handball federation (2017). Adapted by Lidor et al. (2005), Rivilla-García 

et al. (2011) and Sharrock et al. (2011). 

To evaluate the power of extensors of the upper-limbs; shoulder, elbow, and trunk the medicine 

ball throw (MBT) was used (Leite et al., 2016). Participants had to stay in a kneeling lunge position 

with one knee on the floor and the other one in 90- degree flexion. The toe had to be in line with 

the beginning of the measuring tape which was used to measure the length of the throw. Body 

toward throwing direction and ball symmetrically adapted with both hands under hips. The aim 

was to throw a ball that weighed 3 kilograms with both hands in an overhead position, extending 

trunk with elbows flexed, and with an explosive movement to throw as far as possible (Lidor et 

al., 2005; Rivilla-García et al., 2011; Sharrock et al., 2011). The distance from the throwing line 

to the landing point of the ball was measured in meters. Participants were not allowed to lift the 

knee or toe from the ground, otherwise, the throw was invalid, and participants had to repeat the 

throw. The participants got two trials for maximal MBT and the longest throw was scored as a 

distance (m) achieved (Lidor et al., 2005). 

 

3.4.6 10- and 30 meter sprint 

Reference: Adapted by Lidor et al. (2005). 

To evaluate the participant’s speed and acceleration the participants performed a sprint running 

test consisting of two maximal sprints of 30 m with 10 m split time (Lidor et al., 2005). Time was 

recorded using three sets of laser light barriers (TCi Wireless Timing System, Brower Timing 

Systems, Draper, Utah, USA), each consisting of an infrared sender and an infrared emitter with 

antennas. Each unit was mounted on a tripod placed at the starting line (0 m), after 10 m, and at 

30 m from the start (Reilly, 2001; Saavedra et al., 2019). The short distance (10 m) was for split 

time and supposed to indicate acceleration speed. The participants performed the sprint when 

ready from a standing position 1 m behind the starting line. The time was automatically activated 

as the participant passed the first gate at the 0-mark and the split time was recorded at 10 m and 

30 m. The data were then sent from the Brower Timing Systems sets directly to the handheld 

coach monitor. The participants got two trials to perform maximal sprints of 30 m as fast as 

possible, with resting between while walking back to the starting line (Gorostiaga et al., 2005). 

The results were recorded in seconds and the fastest sprint of each distance, both in 10 meters 

and 30 meters were selected for further analysis. 

 



25 
 

3.4.7 Yo-Yo intermittent recovery test  

Reference: Krustrup et al. (2006). 

To evaluate the aerobic and anaerobic energy system, the Yo-Yo intermittent recovery test level 

2 (IR2) was used. The test examines the body’s ability to recover from repeated anaerobic work 

and gives a good idea of players intermittent endurance performance (Krustrup et al., 2006). The 

Yo-Yo IR2 consists of repeated 2 x 20 meters shuttle runs. The speed increases progressively by 

a starting sound controlled by audio signals from a tape recorder after every round and between 

each running round the players have a 10 seconds active recovery period consisting of 5 m rest 

space. The aim is to run as many rounds back and forth as possible until the participant is 

exhausted (Krustrup et al., 2006). The results depend on how far the player reaches, the longer 

the distance will be, the higher the score will be (Bangsbo et al., 2008; Reilly, 2001). 

The participants were divided into two groups to take the endurance test in one trial, on 

an indoor surface. The first group ran while the second group counted the running rounds and 

levels for their partner in the first group. Then the opposite is done. The rules are such that if the 

player fails twice to reach the line in the required time or if the participant feels unable to complete 

another shuttle at the dictated speed, the test is considered as complete (Schwesig et al., 2017). 

The Yo-Yo IR2 begins at speed level 11 (0-40 m), then it immediately raises to level 15 and then 

to speed level 17 which consists of four running bouts (120-180 m). Thereafter it continues with 

stepwise speed increments after every running bout until exhaustion. The total distance covered 

as the position achieved in speed levels were recorded in meters. 

 

3.4.8 Throwing velocity 

Reference: (Gorostiaga et al. (2005) and Vila et al. (2012). 

Specific explosive strength in handball was evaluated by overarm throw (Granados et al., 2013). 

Throwing velocity was assessed with Sports Radar 3600 Gun (Perform Better, Warwick, UK) to 

measure the speed of the ball when the participants performed three different protocols of throw 

(Vila et al., 2012). The throwing velocity was measured on an indoor handball court in this 

particular order; 1) a standing throw at the penalty line from 7 meter (Throwing 7 m), 2) a 3-step 

running throw from 9 meter (Throwing 9 m with 3 steps) and 3) a jumping throw after 3 steps-run 

from 9 meters (Throwing 9 m with a jump) (Vila et al., 2012). For each type, the participants were 

instructed to throw a standard handball as fast as possible in a standard handball goal, using their 

own personal technique with no opposition or any instructions regarding accuracy (Gorostiaga et 

al., 2005). 
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In the standing throw, the lead foot had to be in contact with the floor behind the 7 m 

penalty line (Gorostiaga et al., 2005), in the 3-step running throw the players were allowed to do 

a preparatory run, limited to three regular steps before releasing the ball behind the 9 m line from 

the goal (Gorostiaga et al., 2005), and in the jumping throw after 3-steps, players made a 

preparatory 3-step run before jumping vertically 9 m from the goal, releasing the ball while in the 

air (Vila et al., 2012). Two throws of each type with the dominant hand with maximum effort were 

performed. However, if they missed the goal, they had to repeat the shot until two correct throws 

were recorded (Saavedra et al., 2019). The Sport Radar Gun measured the speed of the ball in 

kilometers per hour (km/h) and the highest throwing velocity for each throw was selected for 

further analysis. 

 

3.5 Statistical analysis  

The data was inserted in an excel file where it was examined, then transferred to the statistical 

software package IBM SPSS statistics version 25.0 (SPSS Inc., Chicago, IL, USA) where the 

statistical analysis was performed for the present study. Descriptive statistics were calculated for 

all the experimental variables (height, weight, BMI, MBT, CMJ, 10 m sprint, 30 m sprint, Yo-Yo 

IR2, and throwing velocity), as the results were presented as mean values with standard 

deviation. Because the objectives of this study were to examine longitudinal development 

changes in two ways, two different statistical analysis was required. To know the first objective, 

one-way ANOVA was used followed by Bonferroni post hoc test to identify the difference in 

anthropometric characteristics, physical fitness- and throwing velocity performance between six 

measurements over a two-year period. To know the second objective, repeated measures 

ANOVA were used to identify the difference in anthropometric characteristics, physical fitness- 

and throwing velocity performance between players in three selected measurements over a two-

year period. Statistical significance was set at p<0.05 for all analyses in the present study. 
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4. Results 

4.1 Differences between measurements 

Tables 4, 5 and 6 present the means and standard deviations of each variable, the results of F-

values and P-values of one-way ANOVA and differences between six measurements using 

Bonferroni post hoc test. 

Table 4 shows the means and standard deviations of each anthropometric variable, and 

the results of the one-way ANOVA in six measurements over two years. No significant difference 

was found in any of the variables between the measurements for anthropometric characteristics, 

in height, weight or in BMI. 
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Table 4. Anthropometric characteristics in six measurements over a two-year period 

Variable 

M1 

January 

2017 

M2 

June 2017 

M3 

September 

2017 

M4 

May 2018 

M5 

September 

2018 

M6 

January 

2019 F p Difference 

n= 22 n= 15 n= 20 n= 12 n= 14 n= 22 

M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD 

Height (m) 1.70 ± 0.05 1.71 ± 0.04 1.72 ± 0.05 1.72 ± 0.04 1.71 ± 0.04 1.72 ± 0.05 0.568 0.724 n.s. 

Weight (kg) 63.57 ± 7.8 67.02 ± 7.49 66.93 ± 7.76 67.03 ± 6.33 69.08 ± 6.86 67.08 ± 7.51 1.086 0.373 n.s. 

BMI (kg/m2) 21.93 ± 2.34 22.93 ± 2.11 22.57 ± 2.25 22.50 ± 2.00 23.69 ± 1.76 22.60 ± 2.16 1.211 0.310 n.s. 

M = mean, SD = standard deviation, n = number of participants, n.s. = not significant, M1 = measurement 1, M2 = measurement 2, M3 = measurement 3, M4 = measurement 4,  

M5 = measurement 5, M6 = measurement 6. 
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Table 5 shows the means and standard deviations of each physical fitness variable, and the 

results of the one-way ANOVA in six measurements over two years. Differences were found 

between measurements in the handgrip strength [F(1,5) = 2.422, p=0.042] between M1 and M5, 

countermovement jump [F(1,5) = 14.660, p<0.05] between M2 and all the others measurements 

(M1, M3, M4, M5, and M6) and 10 m sprint time [F(1,5) = 4.815, p=0.001]. However, there were 

no significant differences between measurements in MBT, 30 m sprint time, or in the Yo-Yo 

Intermittent recovery test. Detailed results for each test are further listed in table 5. 
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Table 5. Physical fitness performance in six measurements over a two-year period 

Variable 

M1 

January 2017 

M 2 

June 2017 

M3 

September 

2017 

M4 

May 2018 

M5 

September 

2018 

M6 

January 2019 
F p Difference 

M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD 

Handgrip (N) 
n= 22 

232.18 ± 39.12 

n= 15 

254.64 ± 45.32 

n= 19 

263.84 ± 43.87 

n= 12 

263.84 ± 43.87 

n= 14 

281.75 ± 55.16 

n= 10 

246.08 ± 11.44 
2.422 0.042 M1<M5 

CMJ (cm) 
n= 22 

36.26 ± 3.0 

n=15 

28.94 ± 4.0 

n= 20 

36.15 ± 1.9 

n= 12 

39.05 ± 4.2 

n=14 

38.69 ± 4.4 

n= 10 

37.0 ± 4.3 
14.660 <0.001 M2<M1,M3,M4,M5,M6 

MBT (m) 
n= 17 

4.72 ± 0.66 

n= 14 

5.28 ± 0.66 

n= 18 

5.29 ± 0.77 

n= 12 

5.49 ± 0.73 

n= 14 

5.23 ± 0.71 

n= 21 

5.06 ± 0.64 
2.180 0.063 n.s. 

10 m sprint (s) 
n= 22 

1.92 ± 0.08 

n=14 

1.85 ± 0.86 

n= 19 

1.96 ± 0.07 

n= 12 

1.88 ± 0.09 

n= 14 

1.87 ± 0.08 

n= 21 

1.87 ± 0.07 
4.815 0.001 M3>M2,M5,M6 

30 m sprint (s) 
n= 22 

4.76 ± 0.23 

n= 14 

4.61 ± 0.21 

n= 19 

4.77 ± 0.20 

n= 12 

4.62 ± 0.22 

n= 14 

4.68 ± 0.22 

n= 21 

4.66 ± 0.20 
1.741 0.133 n.s. 

Yo-Yo IR2 (m) 
n= 20 

262 ± 82.56 

n= 14 

310 ± 90.38 

n= 18 

266 ± 93.05 

n= 12 

290 ± 85.91 

n= 13 

263 ± 93.03 

n=20 

274 ± 87.32 
0.671 0.647 n.s. 

M = mean, SD = standard deviation, n = number of participants, CMJ = countermovement jump, MBT = medicine ball throw, Yo-Yo IR2 = Yo-Yo intermittent recovery test, n.s. = not significant, M1 = measurement 1, 

M2 = measurement 2, M3 = measurement 3, M4 = measurement 4, M5 = measurement 5, M6 = measurement 6. 
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Table 6 shows the means and standard deviations of each throwing velocity variable, and the 

results of the one-way ANOVA in six measurements over two years. No difference was found in 

any of the variables between measurements in throwing velocity, neither in maximal throwing 

velocity from 7 meters distance, from 9 meters distance after three steps or throwing velocity from 

9 meters after three steps and jump. 
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Table 6. Throwing velocity in six measurements over a two-year period 

Variable 

M1 

January 2017 

M2* 

June 2017 

M3 

September 

2017 

M4 

May 2018 

M5 

September 

2018 

M6 

January 2019 

F p Difference 

n= 21 n= 0 n= 19 n= 12 n= 14 n= 22 

M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD 

Throwing 7 m (km/h) 69.47 ± 5.7  71.47 ± 7.7 69.75 ± 7.7 69.78 ± 6.8 68.54 ± 5.3 0.585 0.675 n.s. 

Throwing 9 m with 3 steps (km/h) 72.19 ± 6.5  76.26 ± 7.8 74.33 ± 7.3 73.28 ± 7.2 73.45 ± 6.5 0.901 0.467 n.s. 

Throwing 9 m with jump (km/h) 71.28 ± 5.1  74.21 ± 9.1 73.08 ± 5.2 69.92 ± 8.1 72.36 ± 6.6 0.890 0.474 n.s. 

M = mean, SD = standard deviation, n = number of participants, Throwing 7 m = maximal throwing velocity from 7 meters distance, Throwing 9 m with 3 steps = maximal throwing velocity from 9 meters distance 

after three steps, Throwing 9 m with jump = maximal throwing velocity from 9 meters after three steps and jump, n.s. = not significant, M1 = measurement 1, 

M2 = measurement 2, M3 = measurement 3, M4 = measurement 4, M5 = measurement 5, M6 = measurement 6. 

*No results were obtained from measurements 2 because of some technical problems with the Speed Radar Gun which was used to measure the throwing velocity. 
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4.2 Differences between players 

Tables 7, 8 and 9 present the means and standard deviations of each variable, the results of F-

values and P-values of general lineal model (repeated measures) and differences between 

players in three selected measurements (M1, M3, and M6) using Bonferroni post hoc test. 

Table 7 shows the means and standard deviations of each anthropometric variable, and 

results of the repeated measures in three measurements over two years. Significant differences 

were found in height [F(1,2) = 53.861, p<0.05], weight [F(1,2) = 20.767, p<0.05] and BMI [F(1,2) 

= 8.762, p<0.05]. Differences were found between players in M1 and M3, and also between M1 

and M6 in all variables. 

Table 8 shows the means and standard deviations of each physical fitness variable, and 

results of the repeated measures in three measurements over two years. There were no 

differences between players in handgrip strength, countermovement jump, or in the Yo-Yo 

Intermittent recovery test. However, there were differences in medicine ball throw [F(1,2) = 

23.726, p<0.05], 10 m sprint time [F(1,2) = 6.649, p=0.020] and 30 m sprint time [F(1,2) = 11.534, 

p=0.003]. The difference between players in MBT was between M1 and M3, and between M1 and 

M6. In the 10 m sprint time, the difference between players was between M1 and M3, and between 

M3 and M6. In 30 m sprint time, the difference between players was in M1 and M6 and in M3 and 

M6. 
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Table 7. Anthropometric characteristics between players in three measurements over a two-year period 

Variable 

M1 

January 2017 

M3 

September 2017 

M6 

January 2019 
F p Difference 

n= 20 n= 20 n= 20 

M ± SD M ± SD M ± SD 

Height (m) 1.70 ± 0.05 1.72 ± 0.05 1.72 ± 0.05 53.861 0.000 M1<M3,M6 

Weight (kg) 63.16 ± 7.6 66.93 ± 7.7 67.25 ± 7.5 20.767 0.000 M1<M3,M6 

BMI (kg/m2) 21.76 ± 2.25 22.57 ± 2.25 22.62 ± 2.14 8.762 0.008 M1<M3,M6 

M = mean, SD = standard deviation, n = number of participants, n.s. = not significant, M1 = measurement 1, M3 = measurement 3, M6 = measurement 6. 

 

Table 8. Physical fitness performance between players in three measurements over a two-year period 

Variable  

M1 

January 2017 

M3 

September 2017 

M6 

January 2019 F p Difference 

M ± SD M ± SD M ± SD 

Handgrip (N) n= 8 235.12 ± 38.13 243.29 ± 19.44 245.36 ± 12.39 0.401 0.547 n.s. 

CMJ (cm)  n= 19 35.99 ± 1.86 36.09 ± 1.97 36.97 ± 4.40 1.389 0.254 n.s. 

MBT (m) n= 13 4.67 ± 0.74 5.30 ± 0.76 5.22 ± 0.70 23.726 0.000 M1<M3,M6 

10 m sprint (s) n= 18 1.91 ± 0.07 1.96 ± 0.07 1.87 ± 0.08 6.649 0.020 M3>M1,M6 

30 m sprint (s) n= 18 4.72 ± 0.23 4.77 ± 0.21 4.66 ± 0.21 11.534 0.003 M6<M1,M3 

Yo-Yo IR2 (m) n= 15 277.33 ± 71.66 277.33 ± 96.17 269.33 ± 76.29 0.231 0.638 n.s. 

M = mean, SD = standard deviation, n = number of participants, CMJ = countermovement jump, MBT = medicine ball throw, Yo-Yo IR2 = Yo-Yo intermittent recovery test, 

n.s. = not significant, M1 = measurement 1, M3 = measurement 3, M6 = measurement 6.



35 
 

Table 9 shows the means and standard deviations of each throwing velocity variable, and results 

of the repeated measures in three measurements over two years. There were no differences 

between players in any of the throwing velocity variables, neither in throwing 7 m, throwing 9 m 

with 3 steps or in throwing 9 m with a jump. 
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Table 9. Throwing velocity between players in three measurements over a two-year period 

Variable 

M1 

January 2017 

M3 

September 2017 

M6 

January 2019 
F p Difference 

n= 18 n= 18 n= 18 

M ± SD M ± SD M ± SD 

Throwing 7 m (km/h) 
70.16 ± 5.80 72.39 ± 6.81 69.11 ± 5.28 1.000 0.331 n.s. 

Throwing 9 m with 3 steps (km/h) 73.61 ± 5.09 77.22 ± 6.81 74.27 ± 6.48 0.322 0.578 n.s. 

Throwing 9 m with jump (km/h) 71.61 ± 5.50 75.77 ± 6.26 73.33 ± 5.84 3.293 0.087 n.s. 

M = mean, SD = standard deviation, n = number of participants, Throwing 7 m = maximal throwing velocity from 7 meters distance, Throwing 9 m with 3 steps = maximal throwing velocity from 9 meters 

distance after three steps, Throwing 9 m with jump = maximal throwing velocity from 9 meters after three steps and jump, n.s. = not significant, M1 = measurement 1, 

M3 = measurement 3, M6 = measurement 6.
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5. Discussion 

The objective of this study were: i) to analyze the differences over two-years in anthropometric 

characteristics, physical fitness and throwing velocity between measurements, ii) to analyze the 

difference over two-years in anthropometric characteristics, physical fitness and throwing velocity 

between players in three selected measurements. The main finding of this longitudinal study 

revealed no differences between measurements in anthropometric characteristics (height, weight, 

BMI), nor in the following physical fitness performance; MBT, 30 m sprint, Yo-Yo IR2 and in 

throwing velocity. However, there was a difference in handgrip strength, CMJ, and 10 m sprint 

between measurements. When performance in three selected measurements were considered 

to examine the difference between players, other results were found. Differences were observed 

between players in all the anthropometric characteristics variables, MBT, 10 m sprint and 30 m 

sprint in three selected measurements over two years. However, no differences were between 

players in handgrip strength, CMJ, Yo-Yo IR2 or in any of the throwing velocity variables in three 

selected measurements during two years. 

 

5.1 Difference between measurements 

5.1.1 Anthropometric characteristics 

During the six measurements over two years, the present study showed no significant difference 

between measurements in anthropometric characteristics. The height remained stable, the weight 

increased a little and so did the BMI (table 4). Comparing the present study to other studies on 

female handball players (Pastuszak et al., 2018; Saavedra et al., 2018) the average height is 

similar. However, the height in the present study is slight lower than was reported in a study on 

female Spanish handball players (25.74 ± 4.84 years) (Vila et al., 2012). As expected, when 

players are younger, they have lower body height (Hoppe et al., 2017). Similar results were found 

in a study which was done for one year, where female player’s weight changed just slightly 

between years as they got older (Lidor et al., 2005). Another study where elite and sub-elite 

female handball players (age 22.8 ± 6.49) were examined, the BMI did not change much over the 

season (Milanese et al., 2012). That is similar to the present study, despite the BMI increased, it 

did not increase enough to show a significant difference over a two-year period. Comparing the 

BMI in the present study to others national teams’ players, the results are similar to Croatian-, 

Polish, and Greek female players (Bayios et al., 2006; Čižmek et al., 2010; Jadach & Ciepliňski, 

2008). This characteristic as others will change as the players grow older which can be connected 

to natural pubertal development, muscle growth and the beginning of strength training (Hammami 
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et al., 2018). Assuming that female players in the present study have gone beyond that step. But 

of course, there is a difference between each individual in growth, maturation, and trainability 

(Matthys et al., 2013). Players also have different body structures and receive different training. 

 

5.1.2 Physical fitness 

The female handball players were tested in six physical fitness tests on six occasions during two 

years and during that time, players are expected to improve their physical performance. 

In handgrip strength, a difference was found between M1 and M5 (table 5), where the 

handgrip strength increased significantly in M5. Based on the one and a half year in between the 

measurements, it can be concluded that players have become stronger during the measurement 

period. The handgrip strength plays a major part in handball movements like throwing and 

catching, so, increased handgrip strength can have a positive effect on player’s performance 

(Visnapuu & Jürimäe, 2007). 

In CMJ there was a difference between M2 and all the other measurement (M1, M3, M4, 

M5, M6) (table 5). The jumped height was considerably lower in M2 compared to the other 

measurements. That might be due to poor attendance, as the measurements were in June, the 

end of the handball season. It is a question of how motivated the players were at this point to 

perform the test. However, except for M2, the Icelandic female players have similar results from 

the CMJ test and as another longitudinal study shows (Matthys et al., 2013). 

In terms of MBT, it is not possible to compare the results with another comparable study 

where the procedure was the same. In a study (Lidor et al., 2005), the MBT was done completely 

different from the present study (Norweigian handball federation, 2017) and the results gave a 

much longer throw distance than in the present study. Therefore, MBT test results depends a lot 

on the procedure, it needs to be specialized enough to measure the right aspects (Rivilla-García 

et al., 2011). There was no significant difference between measurements in the MBT over the two 

years (table 5). Interestingly, the fact that with more strength, MBT can be improved (Hermassi et 

al., 2015), seems not to appear in the present study, since there was an improvement in handgrip 

strength. It can, therefore, be said that the handgrip strength is not reflected in the MBT test. 

In the 10 m sprint, there was a difference between M3 and M2, M5, and M6. It is interesting 

that the 10 m sprint was the slowest in M3, considering that the players have been working hard 

during the preparation season since July. In the 30 m sprint, there was no significant difference. 

According to game analysis, high speed sprinting accounts only for 11% of the total distance 
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covered in handball match (Chelly et al., 2014). If the sprints are not performed that often at 

training or in match, it is difficult to expect an improvement, which may be relevant to this study. 

Although increased aerobic endurance can benefit handball players like helping them to 

achieve faster recovery between sprints (Hermassi et al., 2015; Wagner et al., 2014), it is difficult 

to demonstrate increasing aerobic capacity then the focus may not be the same regarding to 

different aerobic training. Despite no significant difference between measurements in the Yo-Yo 

IR2 over two years (table 5), the results showed that the players were running longest in M2 which 

was performed in June. The second-longest run was in M4 in May the next year. That should not 

be a surprise, given that players have been training and competing for 9 months and should be 

in good physical condition by the end of the season. As for the Yo-Yo IR2, it is considerable 

whether level 2 was too fast for this group of participants to get reliable results, giving that level 2 

is intended for those who run longer than 2880 m in level 1. It is then worth mentioning that there 

were not many other studies who used Yo-Yo IR2 test and reported the distance covered. 

However, compared to a study examine male handball players (Schmitz et al., 2018), the female 

players in the present study are running much shorter distance in the Yo-Yo IR2. 

 

5.1.3 Throwing velocity 

No difference was found in throwing velocity between measurements (table 6). Giving these 

results, it is important to know how to use the body properly to gain more throwing velocity, for 

example, trunk flexion, rotation, and shoulder rotation (Wagner et al., 2010). It has been 

established that with greater internal shoulder rotation, it might cause greater throwing velocity 

(Wagner et al., 2010). If players in the present study have not work on their joint mobility or 

strength, it could influence the performance and as the results showed, given no improvements. 

It is said that older and more experienced handball players throw faster than younger or non-

experienced players because of the training age which led to developed throwing techniques 

(Mohamed et al., 2009). This does not fit the results of the present study in terms of age between 

measurements over two years. Besides, no distinction was made on training age in the present 

study. Player’s positions can also affect the results, as each position tends to be better at certain 

throwing techniques, for example, goalkeepers are not shooting nor performing jump throw. In 

the present study, the highest throwing velocity was in the shots that are performed by throwing 

after 3 steps. Same results were found in older study (Vila et al., 2012). Although, the most 

common throwing technique is the jump throws after a run-up (Wagner et al., 2014). The jump 

throw is considered to have the second highest throwing velocity (Vila et al., 2012), the same 

applies to the results of the present study. Despite these findings, it is a little disappointing that 
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no difference was found between measurements over two years since sport-specific skill tests 

like throwing velocity are considered to be probably the most useful for the long-term development 

of athletes (Matthys et al., 2012). Except that two years is not enough to make an impact. In 

addition, in other studies where differences have been found, different training methods were 

used to improve throwing velocity (Andersen et al., 2018; Cherif et al., 2016; Hermassi et al., 

2018; Marques & González-Badillo, 2006). Then the question is whether the female players of 

the present study are not getting enough specialized strength training with the right volume and 

intensity, since it is claimed that with certain strength training, throwing velocity can be improved 

(Hermassi et al., 2018). 

 

5.2 Difference between players 

5.2.1 Anthropometric characteristics 

Over the two-year period, when considering the three measurements (M1, M3 and M6), the 

present study showed difference between players in anthropometric characteristics (table 7). In 

terms of the body height, similar results as in the present study were found on Flemish youth 

handball players where the average height increased during three competitive handball seasons 

(Matthys et al., 2013). It can be a factor that playing position was not taken into account in the 

present study, for example, if bigger part of the participants were pivots and backs, which are the 

playing positions that are considered to have the highest average height (Fieseler et al., 2017; 

Peña et al., 2018), then the average height would have been even higher in the present study. 

During handball training and competing, the players were gaining weight in the present study. 

Despite the weight gain, players were increasing their ability in power aspects such as MBT, 10 

m sprint and 30 m sprint time. This could be attributed to increased muscle mass (Hammami et 

al., 2018). When comparing the present study to other study on female handball players, it fits the 

fact that player’s weight is heavier when they are older (Asker et al., 2018). A study (Vila et al., 

2012) reported similar weight results as found in the present study. However, the female players 

in the present study were on average heavier than the female Norwegian national handball 

players (Ingebrigtsen et al., 2013). In the present study, player’s BMI categorizes them to normal 

weight which is between 18.5-24.9 kg/m2 (table 1), which is also the most common classification 

in other studies (Ingebrigtsen et al., 2013; Pastuszak et al., 2018; Saavedra et al., 2018; Vila et 

al., 2012). Even though the same players are being investigated over two-year period it should 

be considered that it is well known that within the same age group, individual chronological age 

can differ in biological age (Matthys et al., 2012; Saavedra & Saavedra, 2019). 
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5.2.2 Physical fitness 

No significant difference was found between players in handgrip strength. It is odd that no 

difference was found in CMJ between players over two years. Although the jump height was 

increasing over time, it did not increase significantly between players. Players, however, improved 

their performance over two years in power aspects, by throwing the MBT further and sprinting 

faster in both 30 m and 10 m sprint tests (table 8). In MBT there was a difference between players, 

assuming that the MBT distance was the shortest in M1 (table 8). The reason for that could be 

because those measurement were performed in January when players were in transition season. 

Also, it’s difficult to estimate player’s condition right after Christmas break when some teams are 

training extra while some don’t. That could both have a bad and a good impact on the results. 

Yet, M6 was also performed in January and there it does not appear to affect the results as much, 

compared to there were improvements in M6 from M1. The same applies to differences between 

players as when comparing the difference between measurements. Despite increased MBT 

performance the strength does not seem to have had any effect, as shown in other studies 

(Hermassi et al., 2015; Ikeda et al., 2007; Szymanski et al., 2007). It should be pointed out that 

MBT is a poorly validated test (Rivilla-García et al., 2011) despite being popular and widely used 

in other sports (Leite et al., 2016). 

In the sprint test there was a difference between players in both 10 m, and 30 m sprint. 

The difference in 10 m sprint was between players in M3 and two other measurements, M1 and 

M6, as the 10 m sprint time was slowest in M3 (table 8). In the 30 m sprint the difference was 

between players in M6 and the other two measurements, M1 and M3, as the 30 m sprint time was 

the fastest in M6. Finally, according to the time in the sprints (10 m and 30 m), the slowest sprint 

was in M3 and fastest in M6. Indicating that players can hold on to the acceleration through the 

sprint. Acceleration is one of the sprint abilities that are important for handball players (Krüger et 

al., 2014). Compared to the female handball players in the northern region of Norway 

(Ingebrigtsen et al., 2013), the female players in the present study were faster in both the 10 m 

and 30 m sprint. Another study showed similar results (Matthys et al., 2013), the female players 

in the present study were faster than the younger group (U14, U15, U16) in 10 m sprint, but similar 

to the older group (U16, U17, U18). The 30 m sprint results in the present study were much closer 

to the younger group rather than the older group, who ran the 30 m sprint much faster than the 

female players in the present study (Matthys et al., 2013). Is should also be expected that players 

will be faster with increasing age and more training, as stated in a study by Matthys et al. (2013). 

The results are consistent with that, as the players are getting faster during two years of training 

and competing. 
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In terms of the Yo-Yo IR2 performance, the results of the present study are not consistent 

with other study who indicate that the performance in the Yo-Yo test for youth athletes increases 

with rising age. Same was reported in another study where older players were achieving higher 

speed scores in the Yo-Yo IR2 test than younger players (Saavedra et al., 2018).That does not 

apply to this present study as there was no significant difference between players over a two-year 

period since the players were stable in the Yo-Yo test for two years (table 8). That could be caused 

by high difficulty of level 2 test and therefore difficult to obtain improving performance. 

Regardless, physical advantages cannot necessarily be retained on to adulthood if players 

develop early (Matthys et al., 2011). It can not be expected that the players who score high in the 

first measurement will achieve as good results in the last measurement, since the measurements 

takes place over a two-year period and during that time there are all kinds of changes that can 

affect a player’s performance like physical growth and injury. 

 

5.2.3 Throwing velocity 

In the present study, no improvements were observed in throwing velocity between players (table 

9). That could be due because players are maybe not doing any extra specific exercises to 

increase the throwing velocity, except throwing and shooting frequently during each training. 

Based on previous research (Chaouachi et al., 2009; Ortega-Becerra et al., 2018), specialized 

exercises have helped players improve their performance. It is interesting that another test (MBT) 

that estimates also extensors of shoulders, elbow, and trunk which is among other things the main 

elements of throwing (Lidor et al., 2005) showed improvements (table 8) but these attributes did 

not develop in the throwing velocity test. 

The throwing velocity was the highest in M3 of those three measurements (table 9). That 

applies to all types of shots; throwing 7 m, throwing 9 m with 3 steps, and throwing 9 m with a 

jump. However, there was no difference between players in any of the throwing techniques. As 

throwing velocity is connected to strength (Wagner et al., 2014), it is understandable that throwing 

velocity did not increased since the handgrip strength did also not increase between players (table 

9). Although, it needs to be kept in mind that to optimize handball specific strength and power 

training there are different demands for each playing position (Wagner et al., 2014) The throwing 

techniques are often based on player’s playing position and are dictated by the movements which 

they are accustomed to performing according to the position on the court (Wagner et al., 2010). 

In this study, the playing position of the players was not taking into account or if players had 

sustained an injury that could have slowed their physical progress and affect the results. 
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6. Limitations 

The present study has several limitations. First, the sample (U15, U17, U19 national teams) 

included a limited number of participants after it was decided to look only at the development of 

the players who had attended at least four of the six measurements. This resulted in a total of 22 

participants being included in this study. In most cases, they were not present in all six 

measurements during the two years. This limitation is an important one to keep in mind when 

considering the results. With such a small sample size therefore, the results reflect only this group 

and not the whole population. 

Secondly, the players’ playing positions were not considered in the present study. So, 

there is no playing position balance, causing unknown variety of different body types as each 

specific position requires unique physical attributes, physiological and anthropometric 

characteristics to maximize the performance (Ghobadi et al., 2013). Not only are players different 

in those attributes, but they are also receiving different training regarding their playing position 

(Matthys et al., 2011; Milanese et al., 2012). When considering the throwing velocity, the throwing 

techniques are also based on the player’s position. Also, goalkeepers were included in this study 

even though they may have influenced the variables studied. In this case, it was not possible to 

have goalkeepers excluded or divide players by playing positions as there were so few 

participants sampled. 

Thirdly, it should be considered that the measurements were taken at a different time of 

the year. Some were taken during in-season while others during pre-season or post-season which 

may affect players motivation. In addition, during the two year period there were different 

assistants in the measurements which may affect the quality of measurements, and therefore the 

results. As for each season period there are different emphases in training which can cause 

different performance. Of course, the aim of the present study was to examine the development 

of players during two years. However, it should be kept in mind that the same performance cannot 

be expected in such a different season period. Player’s development depends on how players 

train with their club. Coaches have different emphases on how they train their teams. For example, 

it can differ between teams how they conduct strength training, what kind of exercises are done 

and how specialized they are. 
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7. Conclusions 

In summary, the aim of the present study was to explore two aspects, whether there was a 

difference between measurements- and between players in anthropometric characteristics, 

physical fitness, and throwing velocity that takes place during a two-year period of handball 

training and competing. 

 

I. Anthropometric measurements 

The study has shown that there was no difference in anthropometric characteristics 

(height, weight, BMI) between measurements. Indicates that it is more difficult to find a 

difference when individuals are not taken into account, but only the whole group 

considering between measurements over a certain period of time. 

 

II. Physical fitness measurements 

Differences were between measurement in handgrip strength, CMJ, and 10 m sprint 

performance. Indicates that the isometric strength of flexors of wrist and fingers have 

increased with strength training. Difference was in CMJ between one measurement (M2) 

and all the others, where the result was much lower in M2. This raises ideas about whether 

that particular measurement was properly implemented. 

 

III. Throwing velocity measurements 

The throwing velocity measurements showed no difference between measurements. One 

reason for this result can be concluded that the female players of the present study are 

not getting enough specialized training with the right volume and intensity to have an 

impact on throwing velocity. 

 

IV. Anthropometric players 

The study has shown that there were differences between players in all anthropometric 

characteristic’s variables (height, weight, BMI). Findings confirm that higher BMI does not 

necessarily have to be a negative factor on player’s physical fitness as the present study 

showed that players were nevertheless improving their performance in upper-limb power 

and speed. Player’s weight and BMI were on average highest in M6, but at the same time, 

players ran the 10- and 30 m sprint fastest and threw longest in the MBT test. 
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V. Physical fitness players 

Difference were between players in MBT, 10 m sprint, and 30 m sprint, based on three 

selected measurements, which seems to indicate that as the sample decreased, the 

differences in tests increased. In addition, the number of participants in the handgrip 

strength were only 8 players, making it more difficult to detect a difference between 

players. Interesting, no differences were found in CMJ between players, as players were 

still showing a difference in other lower-limbs aspects such as sprinting. In terms of the 

Yo-Yo IR2 test, higher weight did not have a positive effect as the shortest distance was 

run in M6 where players were on average heaviest. 

 

VI. Throwing velocity players 

No difference was found between players in throwing velocity. Possibly there is a need for 

more specific training since players are not improving their performance in aspect that at 

least out court players train the most in handball, which is throwing. This does not apply 

to goalkeepers who are on the other hand included in the results which may be affecting. 

 

8. Future research 

Future research could aim to increase the value of collected data by including ongoing research 

with a higher number of participants. To increase the number of participants then it is necessary 

to improve the process of the measurement by ensuring that information about the measurement 

and the results after they are made is available to participants and coaches. It would be relevant 

to follow the player’s process as they grow older, especially those who stay in the national team 

for the long term. One of the most important is to encourage participants to attend the 

measurements so there will be more data on each phase of the players' journey in the national 

team, from the youngest teams and up. It would also be interesting to do a study like this for a 

longer period. In such a study, it might be possible to do an intervention, such as a national team 

training, where players receive training that aims to improve the elements tested in the 

measurements such as explosive power, speed, and throwing velocity. That way it could be 

shown whether certain training could improve player’s physical fitness more. 
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