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Ágrip: 
Líkamleg færni og líkamlegir eiginleikar hjá íslenskum �

landsliðsmönnum í handknattleik, tengingu við aldur og BMI 

Markmiðið með þessari rannsókn var: i) að greina mun á líkamlegri færni, líkamlegum eiginleikum 

og skothraða hjá ungum íslenskum handboltamönnum ii) að skoða samband á milli líkamlegrar 

færni, líkamlegra eiginleika, skothraða og BMI-stuðuls hjá ungum íslenskum handboltamönnum 

iii) að greina mun á milli líkamlegra færna, líkamlegum eiginleikum og skothraða hjá ungum 

íslesnkum handboltamönnum út frá BMI-stuðul. Safnað var gögnum frá 48 ungum 

atvinnumönnum í handknattleik úr íslenska landsliðinu, frá þremur aldurshópum (U16, U18 og 

U20) þar sem líkamleg hæfni og líkamlegir eiginleikar voru mældir með prófum. Einföld ANOVA 

var notuð til þess að skoða mun á milli meðaltala innan prófa og í framhaldi var svo Tukey-post 

hoc próf keyrt til þess að sjá hvar munur var til staðar. Einföld fylgni var reiknuð fyrir hverja 

breytu. Niðurstöður rannsóknarinnar sýndu mun á milli U16 og U20 í þyngd, BMI, CMJ, 

handstyrk, skothraða frá níu metra færi með hoppi og MBT. Á milli U20 og U18 var munur í CMJ 

og 30 metra hlauphraða, á milli U18 og U20, var munurinn á skothraða frá níu metra færi með 

hoppi. Niðurstöður sýndu einnig fylgni á milli BMI og vegalengd í MBT (r= 0.588, p<0.001) og 

handstyrk (r=0.405, p=0.005). Það var engin fylgni á milli skothraða og BMI. Niðurstöður 

rannsóknarinnar gætu aðstoðað leikmenn og þjálfara við að skipuleggja næringa- og 

styrktarskipulag út frá aldri og BMI.  

 

Lykilorð: Frammistaða– karlmenn 
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Abstract: 
Anthropometry and physical fitness in Icelandic  

national handball teams as functions of age and BMI 

The object of this present study was: i) to analyze the difference in anthropometry, physical fitness 

and throwing velocity as a function of age in young Icelandic male handball teams, ii) to 

investigate the relationship between BMI and physical fitness in young elite handball players, iii) 

to analyze the difference in anthropometry, physical fitness and throwing velocity as a function of 

BMI. Data was collected from 48 elite handball players from the Icelandic national teams in 

handball, from three different age groups (U16, U18, U20), and assessed for anthropometry and 

physical fitness tests. A one-way ANOVA was used to calculate the differences between teams 

with a Tukey post-hoc test. A simple correlation was calculated between each variable. The results 

of this study showed a difference between U16 and U20 in weight, BMI, hand dynamometry, CMJ, 

MBT and throwing velocity from nine meters with a jump. Between U20 and U18 there were 

differences in CMJ and 30 meters running, and between U18 and U20 there was a difference in 

throwing velocity from nine meters with a jump. There was correlation between higher BMI and 

longer distance in MBT (r= 0.588, p= 0.000), and hand dynamometry (r=0.405, p=0.005). There 

was no significant correlation between throwing velocity and BMI. The findings of this study can 

be used to help players and their coaches to organize a program to improve players, based on their 

age and BMI. 

 

Keywords: Performance - male  
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Introduction 
Handball is described as a complicated team sport which is characterized by power, strength, 

agility, technical skills, and endurance. Players need to coordinate their movements, while during 

a game the intensity is always changing between standing and walking to moderate running, 

sprinting, sideward and backward movements (Hermassi, van den Tillaar, Khlifa, Chelly, & 

Chamari, 2015; Michalsik, Aagaard, & Madsen, 2012; Milanese, Piscitelli, Lampis, & Zancanaro, 

2012; Póvoas et al., 2012; Wagner, Finkenzeller, Wurth, & Duvillard, 2014). For players, age and 

anthropometry can affect a player’s performance (Lidor & Ziv, 2018; Rogol, Roemmich, & Clark, 

2002). One study showed different results between age groups: younger players have lower body 

height as well as less mass and fat-free mass (Hoppe, Brochhagen, Baumgart, Bauer, & Freiwald, 

2017). Older and more experienced players also throw faster than younger or non-experienced 

players. Older players have had a longer training time so that they have developed a throwing 

technique through their experience (Mohamed et al., 2009). A study showed that elite players are 

taller and heavier than non-elite athletes (Massuca, Fragoso, & Teles, 2014). Height can have a 

positive influence in a team sport, and the average body height in handball is increasing in the top 

teams (Lidor & Ziv, 2018). Height, weight, and the relationship between those two factors can 

give information about anthropometry for individuals (Carter & Heath, 2005). BMI can give 

information about the relationship between height and weight (Arifi, Bjelica, & Masanovic, 2019; 

Michalsik, Madsen, & Aagaard, 2015a, 2015b; Muratovic, Dobrislav, & Hadzic, 2014). It has been 

shown that players from the first division who play in the pivot playing position had higher BMI 

compared to those in the second division (Krüger, Pilat, Ückert, Frech, & Mooren, 2014). Because 

those factors can affect handball players performance, my mission in this study was to analyze 

anthropometry, physical fitness and throwing velocity as a function of age, investigate the 
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relationship between BMI and physical fitness, and analyze the difference in anthropometry, 

physical fitness and throwing velocity as a function of BMI because factors like weight, height 

and weight can affect a handball player’s performance and therefore are important factors to 

investigate. A strong and powerful handball player who is heavy due to muscles can be classified 

as overweight according to the BMI index (Krüger et al., 2014; Kruschitz et al., 2013; Massuca & 

Fragoso, 2011; Nikolaïdis & Ingebrigtsen, 2013b). For that, I hypothesize that heavier players 

should have higher BMI scores and therefore score higher in the strength- and power tests. One 

study showed a relationship between BMI, isometric muscle strength and power (Nikolaidis, 

Chtourou, Torres-Luque, Rosemann, & Knechtle, 2019). Other research showed a relationship 

between strength and changes in percentage of body fat (lower body fat) (Esteban, Granados, 

Ibáñez, González-Badillo, & Izquierdo, 2006). I hope after this study that the findings can give 

some idea about what BMI can tell us about elite handball players and use that information to 

improve players. Numbers for height and weight do already exist for many sports and teams, and 

it is simple to measure BMI from those numbers and thereby collect a great base of data (Michalsik 

et al., 2015a; Nikolaïdis & Ingebrigtsen, 2013a, 2013b; Pereira et al., 2018; Rassy et al., 2018). 
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1.Theoretical background 

1.1 Handball 

Handball is a team sport that is played in over 130 countries and has been an Olympic sport since 

1972 in male handball, and since 1976 in female handball. Handball is played by both sexes, at all 

ages and at both sub-elite and elite levels (Czerwinski & Taborsky, 1997). Two teams compete 

against each other, with six court players and one goalkeeper, following handball rules (Czerwinski 

& Taborsky, 1997; Massuca et al., 2014; Ziv & Lidor, 2009). To win the game, the team needs to 

score more goals than the other team. During playing time, the coach can change the players on 

the court as often as he likes, as players usually need to be able to change between intensity, 

therefore a specific high level of endurance is essential to keep up the level of play through the 

whole game (Michalsik, 2018; Seil, Rupp, Tempelhof, & Kohn, 1998; Wallace & Cardinale, 

1997). The current playing time for all teams with players older than 16 years old is two halves of 

30 minutes (International Handball Federation, 2014). The handball court is 40 meters long and 

20 meters wide, so the players need to be able to run within this court often while the game is on 

(International Handball Federation, 2014). In Figure 1 you can see a full-size handball court. 
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Figure 1- Handball court (International Handball Federation, 2014). 

 

1.2 Characteristics in handball  

Modern handball is fast, complicated and a dynamic team sport that involves well-developed 

endurance, strength, speed, coordination and throwing velocity (Wagner et al., 2014). In the year 

2000 a significant change occurred when teams were allowed quick throw-off, which increases the 

physical demands by increasing the speed of the game (Massuca et al., 2014; Wallace & Cardinale, 

1997). Players need to be able to repeatedly perform high-intensity actions throughout the whole 

game, as they work at both high- and low intensity (Corvino, Vuleta, & Sibila, 2016; Massuca et 

al., 2014; Michalsik, 2018). Movements in handball must be performed on time and with the right 

power, and have to contain the right direction (Michalsik, 2018). Among other factors, body mass 

can influence speed, endurance and power, whereas body composition influences strength and 

agility (Massuca et al., 2014). In handball, players use quick muscular contractions such as in 

dribbling, defense and sprinting, and endurance movements which are repeated again and again 
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such as in running, walking, side changes, sprinting and jogging (Corvino et al., 2016; Hermassi, 

Aouadi, et al., 2015; Matthys et al., 2011). On average, handball players walk and stand still for 

about ~75% of the total game time and sprint for about ~1-2% of the game (Wagner, Fuchs, & 

Duvillard, 2017). Technical- and strategic changes account for around 700-1500 meters per game 

on average. Technical- and strategic changes include stops (~30% per match), jumps (~14%), 

changing direction (~30%), throw on goals (~7%), passes (~50%) and body tackles, hard (~13%) 

and light (~50%) (Wagner et al., 2017). In one study, researchers observed that physical fitness 

tests like 30-meters sprint time, CMJ, average power, abdominal strength and the Yoyo-test could 

be useful to measure physical skills that are required in handball in order to identify top elite 

handball players (Massuca et al., 2014). The physical abilities which are measured in this study 

are power, speed, strength, throwing velocity and endurance (Bencke, van den Tillaar, Møller, & 

Wagner, 2018; Czerwinski & Taborsky, 1997; Hermassi, van den Tillaar, et al., 2015; Milanese et 

al., 2012).  

 

1.3 Difference between position in handball 

Success in team sports depends on numerous internal and external factors, as the team has to work 

together and every player has her/his specifics and role (Srhoj, Marinovic, & Rogulj, 2002). There 

are five playing positions in handball: goalkeeper, left- and right wing, left- and right back, pivot 

and center back. Figure 2 shows playing position in a 5-1 defense set-up, with the attack build-up 

phase on the court (Karcher & Buchheit, 2014). Attackers are red and defenders green (Karcher & 

Buchheit, 2014).  
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Figure 2- Playing positions on the court (Karcher & Buchheit, 2014). 

      GB= goalkeeper, LW= left wing, RW= right wing, P= pivot,  
RB= right back, LB= left back, CB= center back. 

 
Body mass and height can influence playing performance, as each playing position requires 

different body mass and height (Arifi et al., 2019; Srhoj et al., 2002). In a study on the Tunisian 

national team, the averages for height and weight were measured: backs were on average 193± 3.2 

cm and 88± 8.0 kg, pivots 192± 7.2 cm and 98± 12.9 kg, goalkeepers 189± 2.0 cm and 91± 6.8 kg 

and wings 182± 2.0 cm and 84± 5.9 kg (Chaouachi et al., 2009; Lidor & Ziv, 2018). It can be 

useful for a top handball team to contain players with different heights and weights for the best 

composition (Karcher & Buchheit, 2014; Michalsik & Aagaard, 2014; Michalsik et al., 2015b; 

Wagner et al., 2014). Massuca et. al (2015) studied physical fitness attributes of team-handball 

players in relation to playing position and performance level, and found that wing players are 

shorter, lighter and faster than the other players (Massuca, Branco, Miarka, & Fragoso, 2015). 

Pivots are heavier and perform powerful jumps. Backs (left + right) are taller, with high handgrip 
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strength and superior aerobic capacity, and center backs perform higher jumps (Massuca et al., 

2015; Michalsik, Madsen, & Aagaard, 2013). According to studies, pivots are most often in 

physical contact with the other players (compared to backs and wings) and perform a lot of high-

intensity actions while covering the shortest distance on the court, therefore they should focus on 

training for contact and duels (Karcher & Buchheit, 2014; Michalsik & Aagaard, 2014; Póvoas, 

António, et al., 2014). Wings run the greatest distance, perform the longest sprints more often over 

game time (compared to backs and pivots), and sprint and run fast for a longer distance in total 

(compared to backs and pivots) with the least number of contacts, therefore they should focus on 

developing jumping and sprinting abilities (Karcher & Buchheit, 2014; Michalsik & Aagaard, 

2014; Póvoas, António, et al., 2014). Backs’ playing activity is between those two positions. Backs 

pass and shoot more often per game (compared to pivots and wings), move the longest total 

distance, and walk and jog the longest distance (Karcher & Buchheit, 2014). Backs should focus 

on developing jumping, sprinting and shooting abilities, together with better performance in 

contacts and duels. Goalkeepers play in a limited space (6-meter area), perform a lot of quick 

movements with the intention of saving the goal, and at international level are typically present at 

10 to 17 saves per game. The typical shoot can be faster than 100km/hour (Bilge, 2012; Cardinale, 

2014; Massuca et al., 2015). Therefore goalkeepers should focus on improving reactivity and 

quickness (Karcher & Buchheit, 2014).  
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1.4 Anthropometric measurements and handball  

Anthropometric measurements can be measurements like height, weight, and body mass index 

(BMI). Often measurements like that are used to tell us about what kind of physical shape the 

person is in at that time (CDC’s division of nutrition, physical activity and obesity, 2017; Hall, 

2006; Keys & Brozek, 1953).  

 

1.4.1 Height and weight 

The relationship between height and weight can give information about anthropometry for 

individuals. For instance, body height or length of the athlete are positive success influences in 

team sports (Carter & Heath, 2005). One study showed that pivots and backs are tall and powerful, 

while wings are smaller and carry little body fat (Holway & Spriet, 2011; Michalsik, 2018). A 

comparison of elite and non-elite handball players showed that elite athletes were taller, heavier, 

had higher fat-free mass, less fat mass and higher weekly energy expenditure than non-elite 

athletes (Massuca & Fragoso, 2011). Pivots are heavier than goalkeepers, backs and wing players 

(Chaouachi et al., 2009; Lidor & Ziv, 2018). Average body height is increasing in the top teams. 

A number of studies have shown that the players who play at the highest level of competition in 

handball are taller than players who play at lower levels. That indicates that taller players have a 

better chance of playing at the highest level in handball than players who are small (Bayios, 

Anastasopoulou, Sioudris, & Boudolos, 2001; Gorostiaga, Granados, Ibáñez, & Izquierdo, 2005; 

Lidor & Ziv, 2018; Massuca et al., 2014). Before 2013, Croatia had won 55 of 57 matches from 

World Championship matches and had the highest wins in percentage (73.3%). The average height 

in 2013 for the national handball team in Croatia was 1.94 m. The same year, the average height 

for the national handball team here in Iceland was 1.91 m. (European handball federation, 2013).  
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1.4.2 BMI (Body mass index) 

Adolphe Quetelet first described body mass index or BMI in the 19th century, but Ancel Keys 

reinvented it in the 1950s and called it the body mass index (Keys & Brozek, 1953). BMI is 

measured from a person’s weight in kilograms divided by the square of height in meters. 

 

BMI: weight (kg)/ [height (m)]2 

 

The index only requires height and weight, so it is simple to use (CDC’s division of nutrition, 

physical activity and obesity, 2017; Nikolaïdis & Ingebrigtsen, 2013b). The index has been used 

to categorize humans, as the same categories are for all body types, men and women (CDC’s 

division of nutrition, physical activity and obesity, 2017; Nikolaidis et al., 2019). Table 1 shows 

the categories for body mass index.  

 

Table 1- Categories for Body Mass Index 

  
 
 

 

 

The body mass index is intended for all humans older than 20 years old; however, no correlation 

between BMI and age was found in Nikolaidis’ study in 2019 (Nikolaidis et al., 2019). Although 

BMI does not measure body fat directly, the BMI application is used in measuring in sports 

because it is connected with fat mass as well as fat-free mass (Nikolaïdis & Ingebrigtsen, 2013b; 

Ode, Pivarnik, Reeves, & Knous, 2007). By using BMI, we can measure players’ body weight and 

BMI (Body mass index) Weight status 
Below 18.5 Underweight 
18.5-24.9 Normal or healthy weight 
25.0-29.9 Overweight 
30.0 and above Obese 
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contribute to weight control (Nikolaïdis & Ingebrigtsen, 2013b). Athletes can weigh more than 

non-athletes because of muscle gain. Body composition and weight are essential performance 

factors in handball (Kruschitz et al., 2013). One study shows that athletes and non-athletes have 

similar BMI; however, the athletes have a 50.5% lower total body fat compared to non-athletes 

(Kruschitz et al., 2013). BMI gives some idea about players’ body composition that can affect 

strength and agility, which are essential factors in handball. Therefore it is crucial to measure BMI 

to improve players (Arifi et al., 2019; Keys & Brozek, 1953; Michalsik et al., 2015b, 2015b; 

Muratovic et al., 2014; Táborský, 2007).  

One study showed that eight weeks of strength and conditioning training led to an 

improvement in both body composition and performance (Kvorning, Hansen, & Jensen, 2017). 

Body mass increased and fat-free mass was reduced. Players improved in the T-test, in 1RM in a 

bench press and in the Yoyo-test (Yo-Yo Intermittent Recovery test: Level 2) (Kvorning et al., 

2017). Findings in a study that measured anthropometric, physiological and performance 

characteristics of elite team-handball players showed that there was a difference between 

anthropometric and playing position among the players. Backs were taller (6%) than the wings, 

and goalkeepers had a higher percentage of body fat than the backs (62%) (Chaouachi et al., 2009). 

High body mass is important for playing activities like blocking, throwing and one-on-one actions 

(Saavedra et al., 2017; Wagner, Buchecker, & Duvillard, 2010). A study that evaluated 

anthropometric characteristics, physical fitness, and throwing velocity showed that the A-team was 

heavier than the other teams (U17, U19, and U15), and taller than U17 (Saavedra et al., 2017). To 

understand the technical and physical demands of each position, it can be useful to have a talent 

identification program to target young players who are presenting the skills expected at elite level, 

as well as to provide a training program for each player and help young athletes to find their role 
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or position in handball  (Chaouachi et al., 2009; Karcher & Buchheit, 2014; Vaeyens, Güllich, 

Warr, & Philippaerts, 2009; Vaeyens, Lenoir, Williams, & Philippaerts, 2008). Different BMI 

scores are suitable for different playing positions on the court. Pivots have a higher BMI than 

wings and backs. It was also found that pivots from the first division had a higher BMI compared 

to the second division, so we can suppose that a higher BMI might be better for a handball player 

playing that position (Krüger et al., 2014). Among physiological characteristics, BMI 

measurements give coaches and players valuable information to identify talents, strengths, and 

weaknesses of each player, and therefore can help to design a strength and conditioning program 

for each and every player (Chaouachi et al., 2009).  

 

1.5 Physical fitness in handball 

Physical fitness is an essential performance factor in sports (Buchheit, Mendez-Villanueva, Quod, 

Quesnel, & Ahmaidi, 2010). Caspersen, Powell, and Christenson (1985) define physical fitness as 

all skills or qualities that an individual has in order to perform physical activity (Shahbazi, 

Rahimizadeh, Rajabi, & Abdolmaleki, 2011). Handball can affect cardiovascular, metabolic and 

musculoskeletal fitness as well as increasing muscle mass (Hornstrup et al., 2018). Elite handball 

players are in general taller and heavier than non-elite handball players (Massuca et al., 2015). 

Elite handball players have higher throwing velocity, and movements in a game are performed 

faster than non-elite handball players (Wagner et al., 2017). Researchers have found that workload 

during a handball game was around 70-80% of maximal oxygen uptake, where the player is 

traveling between 3900 to 4700 meters per game (60 min) (Michalsik et al., 2012, 2015a, 2015b). 

In this study, I will measure physical fitness by measuring power, speed, strength, endurance 

system and technical skills. All these factors are highly related to handball performance, and 
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therefore preferable to measuring those aspects of physical fitness (Michalsik et al., 2015a; Wagner 

et al., 2017).  

 

1.5.1 Power and speed 

Power is considered one of the main factors in movements that are performed with high force over 

a short time (Sabido, Hernández-Davó, Botella, & Moya, 2016). Power (P) can be defined as work 

divided by time (Power = W/T) (Bompa & Haff, 2009). Power development is a keen interest in 

sport science and how coaches and athletes can increase that power (Baker, 2001). Power is the 

ability to produce high force over a short time; it helps the athlete to perform a quick movement 

(Can, 2017; Sabido et al., 2016). Speed and power are highly related. Speed is related to quick 

movements such as sprints, jump, changes of direction and throwing velocity (Buchheit et al., 

2010; García, Sabido, Barbado, & Moreno, 2013). Success in most sports depends on how much 

power the athlete has (Can, 2017; Newton & Dugan, 2002; Newton & Kraemer, 1994). Resistance 

training can be very effective for increasing power in both lower and upper limbs (Hermassi, 

Aouadi, et al., 2015; Hermassi, Chelly, Aouadi, & Shephard, 2014; Hermassi, van den Tillaar, et 

al., 2015). Rate of force development (RFD) is highly related to power and speed, and is essential 

in a sport that requires explosive movements, like handball (Bompa & Haff, 2009). RFD refers to 

how fast force is developed. To calculate RFD, the developed time is divided into the change in 

force by the time shift (Bompa & Haff, 2009).  

Team handball is high speed and power-dependent. Handball players use a lot of movement 

such as sprinting, jumping and throwing that involves high-intensity muscular action (Hermassi et 

al., 2014; Sabido et al., 2016). There is a relationship between handball performance and power 

output, one of the reasons being that power output can affect performance at any point in a 
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movement and determine success for a handball player, and therefore is an important component 

(Can, 2017; Knuttgen & Komi, 2003; Laver, Landreau, Romain, & Popovic, 2018; Sabido et al., 

2016). Handball players perform powerful upper-body and lower-body muscle action which 

requires quick muscle contraction that is related to speed and power (Michalsik et al., 2015b; Srhoj, 

Rogulj, Zagorac, & Katić, 2006). Speed and power are essential factors for determining success in 

both sprint ability and throwing ability (Buchheit et al., 2010; García et al., 2013). Goal-scoring 

often demands action like a sprint, jump or shoot; these actions usually are performed with 

maximal or high-intensity (Cherif et al., 2012). Training programs that are specially designed for 

speed for lower limbs showed that running speed and jumping height are improved (Buchheit et 

al., 2010; Christou et al., 2006). Speed and power in the upper limbs are connected to throwing 

velocity. When a handball player throws, it requires both accuracy and speed  (Van Den Tillaar & 

Ettema, 2006). Interval-runs using runs done for a short time at 90-100% intensity with rest in 

between can benefit handball players by improving speed and power (Bompa & Haff, 2009). One 

study that compared elite and non-elite handball players found that the elite players were 

significantly faster in 5- and 15 meters running (Granados, Izquierdo, Ibañez, Bonnabau, & 

Gorostiaga, 2007).  

A combination of light plyometric exercises and heavy resistance exercise has proven 

successful in power training for handball players (Baker, 2001). One study showed a improvement 

in both jumping and standing throw velocities after ten weeks of heavy load strength training in 

handball (Hermassi et al., 2014). It also showed improvements in jumping height, throwing 

velocities and sprinting time after eight weeks of heavy load strength training in team handball 

(Hermassi et al., 2014; Hermassi, van den Tillaar, et al., 2015; Sabido et al., 2016). Handball 

demands frequent and rapid changes of direction from the players, both sideways and back and 
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forth. This direction change requires power from the handball player. Through a whole game, the 

player may perform more than 30 changes of direction when attacking and defensive actions are 

combined (Pereira et al., 2018).  

 

1.5.2 Strength 

Strength is defined as the maximum amount of force of muscle and nervous system to overcome 

resistance or to resist that force (Alegre, Jiménez, Gonzalo-Orden, Martín-Acero, & Xavier, 2006; 

Boreham, 2006). Strength can, for example, be measured with hand dynamometry and other tests 

(Eler & Eler, 2018; Mathiowetz, Weber, Volland, & Kashman, 1984; Smith et al., 2018). It has 

been shown that there are strong correlations between hand dynamometry and anthropometry 

measurements like height and weight (Eler & Eler, 2018). The most important stimulus related to 

changes in strength level is exercise intensity (González-Badillo & Sánchez-Medina, 2010). To 

maximize strength and muscle contraction, the neurological function needs to be stimulated in the 

muscles. By increasing neurological function in the tissue, their rate of contraction, movement 

control, muscle-fiber activity and stimulated refraction is increased (Taylor, Amann, Duchateau, 

Meeusen, & Rice, 2016). All this leads to increased strength in the muscle. The body's first reaction 

to strength training appears to be an improved neuromuscular function in the muscle, which is 

therefore crucial to the nervous system as well (Bompa & Haff, 2009; Kenney, Wilmore, & Costill, 

2015).  

High muscle strength, as well as muscle balance, can help handball players to improve their 

performance and prevent injury (Boreham, 2006; Dawes & Roozen, 2012; Hermassi et al., 2014). 

By improving muscle strength, the player is also improving power and explosive strength, which 

has been related to improving performance in sprinting and CMJ. Muscle balance also helps to 
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prevent injuries: it has been shown that imbalance between the shoulder muscles can lead to 

shoulder injury (Dawes & Roozen, 2012; Edouard et al., 2013; Hermassi et al., 2014). Handball 

players need to be strong in both upper and lower limbs to receive oppositions from opponents, 

play defense, shoot with high speed, jump and sprint (Cardinale, 2014; Comfort, Stewart, Bloom, 

& Clarkson, 2013; Edouard et al., 2013; Hermassi, Aouadi, et al., 2015; Michalsik et al., 2015a; 

Wisloff, 2004). Strength in upper limbs has been connected to throwing velocity with 1RM in a 

bench press. Strengthening the lower limbs does not only improve jumps and jump shots as it can 

also improve the players so they can perform quick direction changes and cutting movements 

during the game. In these movements, the player is trying to change direction to avoid the defender 

(Cardinale, 2014; Marques, 2010).  

It would be preferable if the strength program for handball players involved exercises with 

one and two limbs, landing and deceleration drills, on both unstable and stable surfaces, as well as 

plyometric training that increases strength, power, acceleration and reduces the risks of injuries 

(Cardinale, 2014; Cherif et al., 2012; Hermassi et al., 2014; Myklebust et al., 2003; Petersen et al., 

2002). One study showed that after 8-week strength training there were improvements in body 

composition and performance in handball. Body mass increased but the amount of body fat was 

reduced (Kvorning et al., 2017). Load progress should change over the season, with a more 

substantial volume of heavier loads of around 80% or less at the beginning of the season and then 

switching to more massive amounts of lighter loads, or around 35 to 65% of 1RM (Cardinale, 

2014).  

 



ANTROPOMETRY AND PHYSICAL FITNESS AS FUNCTION OF AGE AND BMI 21 

 

1.5.3 Endurance 

The body has two kinds of metabolism, aerobic and anaerobic. When we use anaerobic 

metabolism, the body is using the energy system that does not need oxygen (Wallace & Cardinale, 

1997). When we use aerobic metabolism, the body is using the energy system that requires oxygen. 

The ATP-PCR system is anaerobic and therefore does not need oxygen. This energy system can 

provide energy to the muscles for 3-15 seconds in full work, like in a short sprint. After these 15 

seconds the body switches to the glycolytic system, which is also anaerobic and does not require 

oxygen (Kenney et al., 2015).  

In a handball game, the players are highly active and perform actions with high intensity 

with rest in between (Karcher & Buchheit, 2014; Shahbazi et al., 2011). These actions will impose 

high demands on both aerobic- and anaerobic energy systems (Laver et al., 2018). The average 

heart rate with male elite handball players was 163 beats min-1, corresponding to 71% relative 

workload (RWL is expressed as % of VO2-max )  (Michalsik, 2018). However, players work at a 

different workload with different heart rates according to their playing position on the court. 

Goalkeepers have the lowest heart rate demands. They spend <70% HR max for about 60% 

of playing time and wasted no time in 90% or higher of HR max. Wings spend the most substantial 

part of the time in 70-80% of HR max and 80-90% of HR max. Backs and Pivots spend more time 

in 80-90% of HR max (Karcher & Buchheit, 2014). Players need to be able to recover between 

high- and low-intensity actions in the game (Karcher & Buchheit, 2014; Wallace & Cardinale, 

1997). Wings have to be able to work in a specific type of metabolic pathway according to their 

position on the court. Wings sprint at high frequency with a great distance, while backs and pivots 

perform a large number of actions over more extended periods with 80% intensity of the maximum 

heart rate (Michalsik, 2018; Póvoas, Ascensão, et al., 2014).  
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1.6 Technical skills 

Technical skills are essential in every sport. Technique is the capacity to perform a movement 

conveniently and effectively (Czerwinski & Taborsky, 1997). Technique is based on coordination, 

conceptual and physical characteristics.  

Technical skills are an essential skill to success in handball, in addition to a high level of 

power, strength, agility and good aerobic and anaerobic energy systems (Hermassi, van den Tillaar, 

et al., 2015) The technical tool during a handball-training session allows one to efficiently develop 

motor skills (Huseaien, Ivanov, & Vyaltsev, 2016). When a player improves technical and tactical 

skills in a movement, s/he is receiving reliable information about the qualitative characteristics of 

the movement which will give her/him the ability to develop a higher level of physical skills and 

technical preparedness that ensures quicker improvement in motor skills (Huseaien et al., 2016). 

Performance in handball for players is determined by the players’ technical, tactical, social and 

physical characteristics (Michalsik, 2018). Playing actions like tackles, shots, fakes, blocking and 

side-cutting are all examples of activities that require technical skills (Michalsik et al., 2015b). 

Proper throwing technique can explain high throwing velocity, with preferred timing, while the 

player uses her/his whole body from ankle to wrist to throw the ball (Fieseler et al., 2017). 

Throwing technique differs according to the player and the playing position (Michalsik, 2018). 

Benefits of higher body height and body composition activate better energy transfer through a 

kinematic chain during handball throws (Vladimir, Ransisavljev, Stefanovic, Ivanovic, & 

Mrdakovic, 2015).  

Toyoshima has indicated that throwing velocity depends 49.9% on body rotation and 

stepping and 53.1% on arm movements (Toyoshima, Hoshikawa, Miyashita, & Oguri, 1974). 
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Professional handball players usually throw close to a maximum value; one study showed that 

accuracy did not affect the throwing speed for expert players (García et al., 2013). Throwing speed 

was influenced by instruction but not throw accuracy (García et al., 2013; Van Den Tillaar & 

Ettema, 2003). Fitts’s law (1954) indicates that quick movements are less accurate (Fitts, 1992). 

Experienced players, who are used to throwing, throw significantly faster than non-experienced 

players – they have developed throwing technique through their experience, so accuracy does not 

affect throwing velocity in spite of quick movements (García et al., 2013; Van Den Tillaar & 

Ettema, 2003). In Bayios’ analysis, the 15 fastest throwers in the Greek league were the 15 best 

players of the league (Bayios et al., 2001). Research has shown that average throwing velocity 

during the standing throw and 3-step running was 11% higher in elite handball players than in non-

elite handball players. The elite handball players also had lower body fat than the non-elite players 

(Granados et al., 2007; Van Den Tillaar & Ettema, 2004). In competition, 73-75% of all throws 

are jumping throws, 14-18% are standing throws with a run-up, 6-9% are penalty throws, 2-4% 

are diving throws and 0-1% are direct free throws (Bencke et al., 2018; Thomas, Erdman, & Burke, 

2016). One study of determinant factors of physical performance and specific throwing in handball 

indicated that higher throwing velocity for jump throw and 3-step throw correlated with increased 

handball performance. The same study found a relationship between muscle strength and throwing 

velocity with bench press exercise in the Smith machine. There was also a relationship between 

running sprint time and throwing velocity (Ortega-Becerra, Pareja-Blanco, Jiménez-Reyes, 

Cuadrado-Peñafiel, & González-Badillo, 2018).  
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1.7 Younger handball players  

Every young handball player goes through puberty at some point. Puberty is a period where the 

player experiences quick changes in body size, shape and composition. The hormonal regulation 

changes, whereby the release of the gonadotropins, leptin, the sex-steroids and growth hormone 

affect the alterations in body composition (Rogol et al., 2002). 

These changes can affect a young handball player who is working her/his way to elite 

handball playing (Rogol et al., 2002). Performance in handball can be influenced by age. The 

progression from young to elite adult handball players is a complex process (Mohamed et al., 

2009). Evaluation of youthful handball-players’ physical fitness and anthropometry gives a picture 

of players’ quality and forms the criteria for their promotion to a higher level.  

One study of players aged 16 to 18 showed that BMI could explain 49% of the variance in 

body fat (Nikolaïdis, 2012). Research showed that younger handball players have lower body 

height, along with less mass and higher levels of fat-free mass. Younger players are likely to score 

lower in the 1RM bench press and ISRT (Intermittent Shuttle Running Test) performance. 

However, younger handball players are expected to perform better in speed (running time from 

10-20 and 30 meters), COD (change of directions), SJ (squat jump) and core strength endurance 

(Hoppe et al., 2017). This difference can be explained such that adults had more extended training 

adaptation that physically prepares them for their playing demands, and also that many changes 

are going on around the ages of 16 to 20 years old. For example, natural processes during puberty 

involve growth, development and maturation, e.g., with hormonally mediated increases in fat-free 

mass, myelination of nerve fibers and anaerobic capacities (Bompa & Haff, 2009; Hermassi et al., 

2014; Hoppe et al., 2017; Kenney et al., 2015; Mascarenhas et al., 2016). One study has shown 

that handball players are characterized as heavy and strong athletes (Lidor & Ziv, 2018). Research 
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on 550 boys and 165 girls aged 10 to 14 years old showed a significant correlation between body 

weight and the percentage of fat mass in handball players. Young handball players gain more 

weight at the expense of muscle and bone compartment: compared to those who did not engage in 

any sport, the fat mass of young handball players influences the total weight (Ibnziaten et al., 

2002). At an early age there is a need to identify talent; for example, body height and body mass 

are considered as basic assumptions for selection of handball players in various playing positions 

(Srhoj et al., 2002; Zapartidis, Vareltzis, Kororos, et al., 2009). In a Greek study, 182 young male 

handball players from Greece (mean age 14.26±0,44 years old), were found to have characteristic 

anthropometric attributes among specific individual playing positions. Table 2 lists anthropometric 

characteristics among specific individual playing positions from the study (Zapartidis, Kororos, 

Christodoulidis, Skoufas, & Bayios, 2011).  

 

Table 2- Anthropometric characteristics among specific individual playing positions (Zapartidis et al., 2011) 

Measurements: Backs 
n=55 
Mean 

Center 
n=29 
Mean 

Wing 
n=43 
Mean 

Pivot 
n=27 
Mean 

Goalkeeper 
n=28 
Mean 

Height (m) 1.79 1.73 1.69 1.78 1.74 
Body mass (kg) 69.57 68.61 62.60 87.14 74.04 
BMI (kg/m2) 21.80 22.85 21.84 27.45 24.37 

 n = Number of participants, BMI = body mass index 

 

Pivots were heaviest and had the highest value of BMI. An excessive amount of fat is one of the 

most crucial facts that influences a player’s negative performance (Zapartidis et al., 2011). Playing 

position on the court is not the only thing that can affect a player’s anthropometric characteristics. 

One study showed a difference between elite and non-elite younger male handball players. Elite 

handball players were jumping longer in standing long jump and running faster in 20-meters sprint 
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(Lidor et al., 2005). Research on a total of 88 young male handball players showed a difference 

between elite and non-elite players (Zapartidis, Vareltzis, Gouvali, & Kororos, 2009). Table 3 lists 

the difference in anthropometric characteristics and 30 meters running of elite and non-elite players 

from the study. 

 

Table 3- Differences in anthropometric characteristics and 30 meters running of  
elite and non-elite (male) (Zapartidis, Vareltzis, Gouvali, et al., 2009) 

Measurements: Elite (n=32) 
(Mean±sd) 

Non-elite (n=56) 
(Mean±sd) 

Weight (kg) 68.82 ± 11.03 70.17 ± 12.26 
BMI (kg/m2) 22.10 ± 3.08 23.45 ± 3.54 
30 meters running (s) 4.73 ± 0.27* 4.86 ± 0.26 
n = Number of participants, sd = standard deviation,  
BMI = body mass index, *= Significant difference 
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2. Objectives 

The object of this present study was: i) to analyze the difference in anthropometry, physical fitness 

and throwing velocity as a function of age in young Icelandic male handball teams, ii) to 

investigate the relationship between BMI and physical fitness in young elite handball players, iii) 

to analyze the difference in anthropometry, physical fitness and throwing velocity as a function of 

BMI. 
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3. Methods 

3.1 Participants  

Forty-eight elite male handball players from the Icelandic national team participated in the study, 

from three age groups: under 16 years old (U16), under 18 years old (U18), and under 20 years 

old (U20). In the study, there were a total of seven tests. Table 4 lists descriptive statistics on 

participation between measurements and groups.  

 

Table 4- Descriptive statistics on participation between measurements and groups. 

Measurements: U20 (n) U18 (n) U16 (n) 
Height (m) 14 17 17 
Weight (kg) 14 17 17 
BMI (kg/m2) 14 17 17 
CMJ (cm) 14 16 14 
MBT (m) 14 17 16 
10m running (s) 13 16 16 
30m running (s) 13 16 16 
Hand dynamometry (N) 14 17 16 
Yoyo test (km/h) 10 16 16 
Throwing7m (km/h) 14 17 16 
Throwing9m3s (km/h) 14 17 16 
Throwing9mJump (km/h) 14 17 16 
BMI= Body mass index 

 

 

3.2 Materials 

In this study, players’ anthropometric, physical fitness, and technical skills were measured with a 

total of seven tests. Anthropometry was measured with height, weight and BMI. Physical fitness 

was measured with CMJ, MBT, 10m running, 30m running, hand dynamometry, and the Yoyo 

test. Technical skills were measured with throwing velocity from three different positions. Table 

5 lists the test battery that was chosen for this study.  
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3.2.1 Test battery and testing procedures 

The tests chosen for this study are outlined in table 5. 

 

Table 5- Test categories and specific tests used in this study 

1.! Anthropometry measurements  

A)! Height (Stewart & Marfell-Jones, 2011) 

B)! Weight (Stewart & Marfell-Jones, 2011) 

C)! BMI (Keys & Brozek, 1953) 

2.! Physical fitness 

A)! Power 

i.! Countermovement Jump (Bosco, Luhtanen, & Komi, 1983) 

ii.! Medicine ball throwing (3kg), Adapted by Lidor et al. (2005) 

B)! Strength 

i.! Hand dynamometry (Council of Europe, 1993) 

C)! Speed 

ii.! 10 meters running (as adapted by Lidor et al., 2005) 

iii.! 30 meters running (as adapted by Lidor et al., 2005) 

D)! Endurance 

i.! Yoyo test (Bangsbo, Laia, & Krustrup, 2008; Krustrup et al., 2006) 

3.! Technical skills 

A)! Throwing velocity  

!! 7 meters distance standing up (Gorostiaga et al., 2005) 

!! 9 meters distance with three steps (Gorostiaga et al., 2005) 

!! 9 meters distance with three steps and a jump (Vila et al., 2012) 
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3.2.2 Anthropometric characteristics 

 

Height and weight 

-! Reference: Stewart & Marfell-Jones (2011).  

-! Objective: To evaluate the height and weight of all participants.   

-! Testing procedure: Height and weight were measured for all players using a height and 

weight scale. Players were asked to step on the scale in a light training outfit without their 

shoes.  

-! Equipment: SECA 220, height and weight scale.   

-! Score: Height (centimeters) and weight (kilograms).  

Body mass index 

-! Reference: Keys and Brozek (1953).  

-! Objective: To evaluate the relationship between height, weight and body mass index of all 

participants. 

-! Testing procedure: Body Mass Index was calculated for each player based on the formula 

present by Keys et al: BMI = weight in kilograms (kg) / height in meters2 (m2).  

-! Equipment: The relationship between height and weight was calculated afterwards by using 

the body mass index formula.   

-! Score: BMI (kg/m2).  
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3.2.3 Phyical fitness measurments  

 

Power 

Countermovement jump (CMJ): 

-! Reference: Bosco, Luhtanen & Komi (1983).  

-! Objective: To evaluate the lower body power of each player.   

-! Testing procedure: All players got white tape on the caput fibulae of the right leg to mark 

their knee before jumping. The mark was used as a criterion for the analysis. In the 

beginning, the players showed their number to the camera. The players were asked to jump 

with both hands on the hips and feet hips apart at the beginning of the jump, see figure 4. 

When the player was ready, he jumped as high as he could in a single movement, bending 

his knees at approximately 90° and jumping as high as he could. The player got two tries; 

the better one was included in the analysis. The objective of this measurement is to evaluate 

the power of extensor of the knee and hip. A video camera, portable light, reference, 

computer and Kinovea software are instrumental for this test. During the video analysis, a 

grid was placed directly above the mark, see figure 3. As the players reached their 

maximum jumping height, the video was stopped and the distance from the lowest line of 

the grid to the top of the white mark was measured. 

-! Score: Results were presented in centimeters. 
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Figure 3- Setup for the Countermovement jump test and Kinovea video analysis 

Medicine ball throwing (MBT): 

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

-! Objective: To evaluate the power of extensor of shoulder, elbow, and trunk. A medicine 

ball (3 kg), tape measure, tape and a stick are instrumental for this test.  

-! Testing procedure: MBT is used to evaluate power in upper limbs. Before the players 

arrived, a mattress was placed on the floor where the players were going to throw. The tape 

was placed in a straight line along the floor and taped down. The players were told to start 

with one knee on the floor/mattress and the other one in 90° flexion and their body facing 

the throwing direction. The player throws the medicinal ball with both hands over and 

behind the head, extending trunk with elbows flexed and with an explosive movement to 

throw and raise the maximal distance. Figure 4 shows a set-up for MBT. The player is not 

allowed to lift his knee from the floor while throwing. The player gets two tries in a row. 

A measurement tape was placed at the beginning of the starting line to mark the throwing 

distance. The player throws, and at the same time as the ball hits the floor, the assistant 

points with a stick to the floor to see how far the ball went. The assistant calls up the 

distance on the throw, and another assistant writes the number down.  

-! Score: Results were presented in meters.  
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Figure 4- Setup for MBT 

Speed 

10 m and 30 m running: 

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

-! Objective: Evaluate the running speed and acceleration at distances of 30 meters and 10 

meters. The time in 30 meters running and the split time after 10 m is the result in this test. 

-! Testing procedure: To evaluate speed, we use 10 and 30 meters running. From a standing 

position, the player decides for himself when he starts the run and runs 30 meters’ distance 

as fast as he can. The players get two tries. Every player in that group runs once, then when 

everybody is done, the player runs try number two. A speed gate and a tape measure are 

instrumental for this test. The first speed gate was placed at the starting line, the second 

speed gate was placed after 10 meters’ distance, and the third and last speed gate was placed 

after 30 meters’ distance, distances being measured with measurement tape. In figure 5 you 

can see the set-up for 10m and 30m running.  
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-!  Score: Results were presented in seconds.  

 

 

 

Figure 5- Setup for 10m and 30m running 

Strength 

Hand dynamometry: 

-! Reference: Council of Europe (1993).  

-! Objective: Evaluate the isometric strength of flexors of wrist and fingers.  

-! Testing procedure: To evaluate strength, we use one test, hand dynamometry. After the 

height and weight measurements, the player was asked to sit down in a chair, back against 

the backrest with elbow at 90° flexion. The players got two tries to reach maximal hand 

dynamometry without arm or wrist movements. A hand dynamometer and laptop are 

instrumental for this test. Figure 6 shows instruments for hand dynamometer.  

-! Score: Results were presented in Newton.  
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Endurance 

Yoyo-test: 

-! Reference: Bangsbo et al. (2008); Krustrup et al. (2006).  

-! Objective: Evaluate endurance.  

-! Testing procedure: To evaluate endurance we used the Yoyo intermittent-recovery test 

level 2 (YYIRTL2). The players repeat 2x20 meters runs back and forth, controlled by 

audio bleeps from a record that increases running speed, between the starting, turning and 

finishing line, see Figure 7. The first time that the player fails to reach the finishing line in 

time he will get a yellow card. When the player has failed twice to reach the finishing line 

in time, he is out and has to stop. The players were divided into two groups. Group one 

performs before group two, where group two writes down the results from the test for the 

other players. After that the groups change round: group two takes the test, and group one 

writes down the results from the test. In this test, we need to mark each of both lines, with 

a distance of 20 m between them.  

-! Score: Results were presented in km/h.    

 

Figure 6- Performing Yoyo-test 
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3.2.4 Technical skills 

 

Throwing velocity: 

-! Testing procedure: To evaluate technical skills, we used three tests. Throwing velocity 

from three positions: throwing at seven meters standing up, throwing from nine meters 

with three steps and throwing from nine meters with a jump. A radar gun was used to 

measure throwing velocity in all three tests. The radar gun is placed in a suitable position 

behind the player at a central height. Players get two tries from all three distances. 

-! Score: Results were presented in kilometer/hour. 

Throwing at seven meters stand up (Throwing7m): 

-! Reference: Gorostiaga et al. (2005).  

-! Objective: To evaluate the maximal ball velocity without opposition from the penalty line.   

The player throws the ball into the goal from a standing position, from seven meters’ distance.  

 

Throwing at nine meters after three steps (Throwing9m3s): 

-! Reference: Gorostiaga et al. (2005).  

-! Objective: To evaluate the maximal ball velocity without opposition after three steps.  

The player throws the ball into the goal from a distance of 9 meters after three steps.  
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Throwing at nine meters after three steps and a jump (Throwing9mJ): 

-! Reference: Vila et al. (2012).  

-! Objective: To evaluate the maximal ball velocity without opposition after three steps and 

a jump.  

The player throws the ball into the goal from a distance of 9 meters after three steps and a jump.  

 

3.3 Study design 

This is a descriptive cross-sectional analysis done in collaboration with HSÍ, 

Handknattleiksamband Íslands. It covers the necessary physical fitness and specific skill 

characteristics of Icelandic male youth national team players (under 20 years old) — the tests were 

both physical and anthropometric.  

 

3.3.1 Testing variables 

The independent variables in this descriptive cross-sectional analysis were two, BMI and age. The 

BMI was calculated by using the player’s weight and height from the test session. Results from 

each test were used as dependent variables for the analysis. The dependent variables, as well as 

their measurement units, are presented in table 5. 
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Table 5- Variables and their units 

Independent variables Dependent variables 
BMI (kg/m2) Countermovement jump (cm) 
Age groups Medicine ball throwing (3kg) (m) 

-! U16 
-! U18 
-! U20 

Hand dynamometry (N) 
10 meters running (s) 
30 meters running (s) 
Yoyo test (km/h) 
Throwing velocity (km/h) 
- 7 meters standing up 
- 9 meters after three steps 
- 9 meters after three steps and a jump 

  
        BMI= Body mass index 

 

 

3.4 Procedure 

Test sessions started at noon. The first group was U16, the second group was U18, and the third 

and last one was U20. In the beginning of each test, all players received a number with the 

instruction to maintain their numerical order throughout the test day. After every player got a 

number, they stepped on a scale to measure weight and height, after which their hand dynamometry 

was measured. The relationship between height and weight was calculated afterwards by using the 

body mass index (BMI). Before all the physical tests, all of the players got the same 15-20 minutes 

warm-up. The players in each age group was divided into four groups. Each group started in a 

specific physical test. One group began with the 10 meters and 30 meters running test, one with 

CMJ, one with MBT and the last one with throwing velocity. When all players waere finished in 

each test, the groups moved in a circle forward to the next test. At the end of the test day, when all 



ANTROPOMETRY AND PHYSICAL FITNESS AS FUNCTION OF AGE AND BMI 39 

 

four tests were finished the players took the Yo-yo test in two groups. Figure 5 shows a graphical 

description of the test day. The players moved in a circle following the arrows.  

 

 

 

 

Station number 1: MBT is performed. The player performs two tries in a row. When everybody 

has finished two tries, they will move forward as a group to throwing velocity on station number 

2.  

Station number 2: Throwing velocity. The player performs two tries in a row, from each distance 

(7 m, 9 m, and 9 m with a jump) to raise a maximal throwing speed. When all the players in that 

groups have finished the throwing velocity, they will move forward as a group to 10 m and 30 m 

running on station number 3. 

Figure 7- Shows graphical description of the test-day 



ANTROPOMETRY AND PHYSICAL FITNESS AS FUNCTION OF AGE AND BMI 40 

 

Statin number 3: 10 m and 30 m running. The player performs one try, rests while the other players 

are finishing their first tries, and then performs the second try. When all the players in that groups 

have finished the running test, they will move forward as a group to CMJ on station number 4. 

Station number 4: CMJ is performed. The player performs two tries in a row. When all the players 

in all groups have finished their test, the players are divided into two groups and perform the Yoyo 

test.  

 

2.4.1 Locations and testing frequency 

Each national team is measured three times per year on average. The data which was used in the 

study came from measurements which were performed on one test day in January 2018. On the 

test day, the first group were U16 and started their test-session at noon; the second group were 

U18 and started after U16, around 13:00, and the third group were U20 and started after U18, 

about 14:00. The measurements took place in Víkin, which is a location in Traðarland 1, 108 

Reykjavík. All tests were performed on an indoor handball course. 

 

2.4.2 Ethical considerations  

The participants were all boys, some of them are training with my brother; therefore, they know 

me, and others don’t. Me, among other people, measured, so my participation in the measuring 

process should not affect the results. A decision was made that in begin of the test day, all 

participants got a number and were called by their number during test day.   
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2.4.3 Statistical analysis 

All analysis was performed using SPSS statistics, ed. 25. All the data were stored and viewed in 

SPSS ed. 25. For all analyses, the statistical significance level was set at p≤ 0.05. The basic 

descriptive statistics (mean and standard deviation) were calculated. The best scores for each 

player, in every test, were included in the data. A one-way ANOVA was used to examine 

differences between teams (U20, U18, and U16) and differences between BMI categories. The 

Tukey post-hoc was used to compare means. Eta squared was calculated in SPSS to measure the 

proportion of the total in a dependent variable that is associated with an independent variable. A 

simple correlation was calculated between each of the variables using age groups and BMI-status 

as control variables. 
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3. Results 

According to BMI, a player under the score of 18.5 is categorized as underweight, a score between 

18.5 and 24.9 is normal weight, a score between 25.0 and 29.9 is overweight and a score of 30.0 

and above is obese. From now on, when these categories are mentioned, it is in reference to the 

BMI categories. The results showed that 39 players were in the normal weight category and nine 

players in overweight.  

 

 

3.1 Differences in function to age  

Table 6 lists the mean and standard deviation of each variable, the results of F-values and P-values 

of one-way ANOVA, Eta squared and differences between groups calculated using post-hoc 

Tukey. The values of weight (F= 3.26, P= 0.048, η2= 0.127), BMI (F= 3.57, P= 0.037, η2 = 0.137), 

hand dynamometry (F= 3.62, P= 0.035, η2 = 0.141), CMJ (F= 4.85, P= 0.013, η2 = 0.191), throwing 

velocity from nine meters after three steps and a jump (F= 4.53, P= 0.016, η2 = 0.171) and MBT 

(F= 7.36, P= 0.002, η2 = 0.251) were greater in U20 than U16. The values from throwing velocity 

from nine meters distance after three steps and a jump (F= 4.53, P= 0.016, η2 = 0.171) were greater 

in U20 than in U18. Findings also showed a greater value from both CMJ (F= 4.85, P= 0.013, η2 

= 0.191) and 30 meters running (F= 3.22, P= 0.050, η2 = 0.133) in U18 than in U16. 
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Table 6- Anthropometric and physical parameters in players according to age. F-value, P-value of ANOVA, Eta squared and differences (post hoc Tukey). 

Measurements U20 (n=14) U18 (n=17) U16 (n=17) F p η2 
 

Differences 

 M±SD M±SD M±SD     
Height (m) 1.88±0.04 1.85±0.05 1.87±0.00 1.27 0.290 0.054 n.s 
Weight (kg) 86.49±8.13 81.38±8.32 78.68±9.05 3.26 0.048 0.127 U20>U16 
BMI (kg/m2) 24.32±1.97 23.70±1.96 22.44±2.10 3.57 0.037 0.137 U20>U16 
CMJ (cm) 52.08±3.98 51.73±4.01 47.71±4.49 4.85 0.013 0.191 U18>U16, U20>U16 
MBT (m) 8.27±0.80 7.56±0.84 7.13±0.81 7.36 0.002 0.251 U20>U16 
10m running (s) 1.77±0.06 1.74±0.04 1.79±0.06 2.59 0.087 0.110 n.s 
30m running (s) 4.26±0.13 4.22±0.12 4.34±0.14 3.22 0.050 0.133 U18>U16 
Hand dynamometry(N) 434.18±45.71 395.23±57.33 378.31±66.96 3.62 0.035 0.141 U20>U16 
Yoyo test (km/h) 19.49±0.40 19.70±0.73 19.80±0.629 0.75 0.470 0.037 n.s 
Throwing7m (km/h) 83.92±6.86 83.94±6.23 81.00±8.04 0.91 0.410 0.040 n.s 
Throwing9m3s (km/h) 83.78±7.50 90.23±6.96 85.62±9.17 2.77 0.073 0.112 n.s 
Throwing9mJump (km/h) 75.07±5.41 81.47±4.86 78.00±7.22 4.53 0.016 0.171 U20>U18 

n = Number of participants, M = mean, SD = standard deviation, m = meters, cm = centimeters, Kg = kilograms, BMI = body mass index, N = newton,  
CMJ = countermovement jump, Km/h = kilometers per hour, s =seconds, n.s  = not significan
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3.2 Difference in function between BMI and other variable  

Table 7 lists the mean and standard deviation of each variable of each group according to BMI categories, along with the results of  

F-values and P-values of one-way ANOVA and Eta squared. The table also lists the correlation between BMI and each variable. There 

is a correlation between BMI and distance in medicine ball throw (r= 0.588, n= 47, p= 0.000) and hand dynamometry (r=0.405, n=47, 

p=0.005) with the players.  

 

 
Table 7- Mean and standard deviation of each variable of each group according to BMI categories,  

the results of F-value, P-value of one-way ANOVA, Eta squared and the correlation between BMI and each variable 

Measurements Normal weight 
(n=39) 

Overweight  
(n=9) 

F p η2 
 

Correlation 

 M±SD M±SD    r P 
CMJ (cm) 50.66±4.87 50.10±2.59 0.100 0.753 0.002 0.108 0.486 
MBT (m) 7.51±0.91 8.13±0.85 3.507 0.068 0.072 0.588 0.001 
10m running (s) 1.77±0.06 1.78±0.05 0.134 0.716 0.003 0.079 0.605 
30m running (s) 4.27±0.14 4.31±0.11 0.342 0.562 0.008 0.058 0.706 
hand dynamometry (N) 397.02±66.08 418.20±28.30 0.87 0.35 0.019 0.405 0.005 
Yoyo test (km/h) 19.69±0.63 19.68±0.59 0.002 0.969 0.000 -0.184 0.243 
Throwing7m (km/h) 83.07±6.94 82.33±7.96 0.079 0.799 0.002 0.084 0.573 

Throwing9m3s (km/h) 87.15±7.95 85.00±9.66 0.494 0.486 0.011 0.016 0.916 
Throwing9mJump (km/h) 78.39±6.40 78.33±6.55 0.001 0.980 0.000 0.092 0.539 
n = Number of participants, M = mean, SD = standard deviation, m = meters, BMI = body mass index, N = newton, CMJ = countermovement jump 
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4. Discussion 
In the study was analyzed the difference between anthropometry, physical fitness and throwing 

velocity as functions of age, investigated the relationship between BMI and physical fitness and 

analyzed the differences between anthropometry, physical fitness and throwing velocity as 

functions of BMI. The study has analyzed the basic anthropometry, physical fitness and throwing 

speed in young elite handball players of different age categories in Iceland. 

 

4.1 Differences in function to age  

The difference between age groups was examined with one-way ANOVA. The findings showed 

that the U20 team was heavier and scored higher in BMI, MBT, CMJ, hand dynamometry and 

throwing velocity from nine meters after three steps and a jump than U16. U20 scored a higher 

value in throwing velocity from nine meters’ distance after three steps and a jump than U18. The 

findings also showed a higher value from CMJ and 30 meters running for U18 than for U16. Age 

can affect a player’s performance. Many studies have shown a difference between younger and 

older handball players in tests (Bayios et al., 2001; García et al., 2013; Hermassi et al., 2014; 

Hoppe et al., 2017; Mohamed et al., 2009; Nikolaidis et al., 2019; Saavedra et al., 2017; Van Den 

Tillaar & Ettema, 2003). Results from other studies were consistent with my findings, i.e. that 

younger athletes have lower body height, lower body weight and lower BMI scores than older 

athletes (Massuca et al., 2014; Matthys et al., 2013; Nikolaïdis, 2012; Nikolaidis et al., 2019; 

Ortega-Becerra et al., 2018; Saavedra et al., 2017). However, research on the connection between 

age and BMI with physical fitness among children from 9 years old to adults (18-36.3 years old) 

showed that BMI was not associated with age (Nikolaidis et al., 2019). A study on 165 girls and 
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550 boys showed that there is a correlation between body weight and percentage of fat in handball 

players (Ibnziaten et al., 2002). Younger players may be experiencing rapid changes in body size, 

shape, and composition (Rogol et al., 2002). Between the ages of 16 to 20 years old, the hormonal 

regulation changes whereby the release of the gonadotropins, leptin, the sex steroids and growth 

hormone affect the alterations in body composition (Rogol et al., 2002). These changes can affect 

the progress for a young handball player working her/his way to elite handball playing (Mohamed 

et al., 2009). As the player gets older and grows, s/he started to gain experience that can be used 

in her/his performance later. Through training and experience, the player gets to practice her/his 

technique and physically prepare her/himself for the demands of the sport (Bayios et al., 2001; 

García et al., 2013; Van Den Tillaar & Ettema, 2003). Experienced players throw significantly 

faster than non-experienced players because they have had a longer training time (García et al., 

2013; Van Den Tillaar & Ettema, 2003). Concerning jumping ability, older players have a better 

score in CMJ than younger players. A study on female handball players showed similar results to 

mine: younger handball players (U15) score lower in CMJ and medicine-ball throw than older 

players (U19 and U17) (Saavedra et al., 2017). Results from one study showed that younger 

handball players score lower in a strength test (bench press) and have higher times in 10 meters, 

20 meters and 30 meters running than older players (Hoppe et al., 2017). My findings agree with 

younger players scoring lower in a strength test, but disagree with younger players having better 

running time than older (Hoppe et al., 2017). Older players (U20) score better in throwing velocity 

than younger ones (U18) in this study; these results are in line with those observed in other studies, 

namely that velocities are greater for jump throw and 3-steps throw with older players than younger 

ones (Ortega-Becerra et al., 2018). A player who scores better in throwing velocity (jump throw 

and 3-step throw) shows better performance in handball (Ortega-Becerra et al., 2018). This 
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difference can be explained by older players having had a longer training time and more experience 

because of age differences. Older players have had the time to practice their throw and improve 

their throwing technique (Bayios et al., 2001; García et al., 2013; Van Den Tillaar & Ettema, 

2003). Age can affect a handball player’s performance, which can be explained by training age, 

training time and growth (Bompa & Haff, 2009; Hermassi et al., 2014; Hoppe et al., 2017; Kenney 

et al., 2015; Mascarenhas et al., 2016). The players who are included in this data were all in the 

age range 16 to 20 years old. Many things are going on at that age, both mentally and physically. 

Around that age, the players go through puberty for example, which entails changes, e.g., with 

hormonal-mediated increases in fat-free mass, myelination of nerve fibers and anaerobic capacities 

(Bompa & Haff, 2009; Hermassi et al., 2014; Hoppe et al., 2017; Kenney et al., 2015; Mascarenhas 

et al., 2016). One study indicates that physical performance, like strength, running speed, jumps, 

and throwing velocity, are important factors for identifying talent in handball (Ortega-Becerra et 

al., 2018). Measurement of anthropometric parameters and physical fitness in young handball 

players is important because test results can give information about a player’s potential to reach a 

higher level in handball as well as player selection for various playing positions (Mohamed et al., 

2009; Srhoj et al., 2002; Zapartidis, Vareltzis, Kororos, et al., 2009). Coaches can also use results 

from the measurements to organize appropriate strength and condition programs for handball 

players of different ages (Ortega-Becerra et al., 2018).  

 

4.2 Differences between BMI and other variables 

In this study, the effect of BMI on physical fitness was investigated. The difference between BMI 

categories was examined with one-way ANOVA. After that, the correlation between BMI and 

physical fitness was calculated. At the beginning of this project, I wanted to know how much and 
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what kind of information the BMI score can give us about the handball players. There are not many 

researchers who have studied the index that I know of (Kruschitz et al., 2013; Nikolaïdis, 2012; 

Nikolaidis et al., 2019). Athletes who are heavy at the cost of muscles can be classified as 

overweight according to the index (Kruschitz et al., 2013). BMI is simple to use because it only 

requires height and weight (CDC’s division of nutrition, physical activity and obesity, 2017; 

Nikolaïdis & Ingebrigtsen, 2013b). Many teams already have figures for height and weight for 

their athletes, so teams have a great base of data (Massuca et al., 2014; Matthys et al., 2013; 

Nikolaïdis, 2012; Nikolaïdis & Ingebrigtsen, 2013b; Nikolaidis et al., 2019; Ortega-Becerra et al., 

2018; Saavedra et al., 2017). Anthropometric measurements like height and weight are often used 

to tell us what kind of physical shape the person is in at that time, but how much do those factors 

and the relationship between them tell us about the athlete’s physical fitness (CDC’s division of 

nutrition, physical activity and obesity, 2017; Hall, 2006; Kruschitz et al., 2013)?  

My first hypothesis was confirmed since there was a positive correlation between BMI, MBT and 

hand dynamometry. The higher the BMI, the better the performance in MBT and hand 

dynamometry. A player in the overweight category scores higher in power (upper limbs) and 

strength tests than a player in normal weight. This finding indicates that higher BMI could have a 

positive effect on performance in handball that requires power in the upper limbs and strength. 

These findings are not consistent with other results that have been done on male handball players; 

those findings showed a negative correlation between BMI and performance in CMJ and hand 

dynamometry (Nikolaïdis & Ingebrigtsen, 2013b). BMI can provide useful information about the 

relationship between an athlete’s body weight and height because of the connection between BMI, 

fat-free mass and fat mass (Nikolaïdis & Ingebrigtsen, 2013b; Ode et al., 2007). Handball is a fast, 

dynamic team sport where players need to perform high-intensity actions throughout the whole 



ANTROPOMETRY AND PHYSICAL FITNESS AS FUNCTION OF AGE AND BMI 49 

 

game and perform powerful movements on time, with the right direction (Corvino et al., 2016; 

Massuca et al., 2014; Michalsik, 2018). Power and strength are essential factors in handball 

because the sport requires power in the upper limbs to shoot and in defense, and strength to 

improve performance and to prevent injury (Can, 2017; Cardinale, 2014; Comfort et al., 2013; 

Edouard et al., 2013; Fieseler et al., 2017). BMI, among other factors, can affect power and 

strength, and therefore it is preferable to include these measurements in handball (Massuca et al., 

2014; Wagner et al., 2014). Nevertheless, the BMI has been questioned: might it have an impact 

on handball players’ performance (Ode et al., 2007)? BMI can affect a handball player‘s capability 

to perform an action that is required on the handball court (Arifi et al., 2019; Srhoj et al., 2002). 

From the results from this study, we can assume that if a handball player scores low in power 

(upper limb) and strength tests, the coaches can use the information about the player’s BMI to 

identify his strength and weakness to improve the player because of the connection between BMI, 

MBT and hand dynamometry. 
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5. Limitations 

This study has severed limitations. First, it is a cross-sectional analysis, where only nine handball 

players were overweight according to BMI categories out of a total of 48 players. The rest of the 

athletes were in the normal weight category. Secondly, we did not have any information about the 

players’ exact stage of maturation and growth, which can make a difference between players and 

influence results. Thirdly, the players have different training times and training ages that can affect 

players' results. Fourthly, all the participants are athletes and 20 years old or younger. BMI is a 

relationship between height and weight, the height for younger individuals are still changing, that 

can affect the results. BMI is an index category intended for all individuals 20 years old and older.  

 

6. Conclusions 

In the study was analyzed the differences in anthropometry, physical fitness and throwing velocity 

as functions of age, investigated the relationship between BMI and physical fitness, and 

investigated the differences in anthropometry, physical fitness and throwing velocity as functions 

of BMI. The study has analyzed the basic anthropometry, physical fitness, and throwing speed in 

young elite handball players of different age categories in Iceland. Findings showed that the U20 

team was heavier, scored higher in BMI, MBT, CMJ, hand dynamometry and throwing velocity 

from nine meters after three steps and a jump than U16 players. U20 scored a higher value in 

throwing velocity from nine meters' distance after three steps and a jump than U18. Findings also 

showed a higher value from CMJ and 30 meters running for U18 than for U16. Age can affect a 

player's performance. Many studies have shown a difference between younger and older handball 
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players in tests. Results from measurements like anthropometric attributes and physical fitness in 

young handball players can give information about various playing positions and the potential for 

a handball player to play at an elite level. This information can be useful for coaches to organize 

appropriate strength and conditioning programs for handball players according to the player's age. 

As a function of age, the findings confirm that BMI does not have to have a negative effect on 

physical fitness and handball performance. The results indicate that the BMI has a positive effect 

on power in the upper limbs and strength in young elite handball players. Therefore, coaches 

should use information about BMI to improve young elite handball players. The body mass index 

can provide valuable information about the relationship between an athlete's body weight and 

height, and it is simple to use. There was no difference between results from physical and technical 

tests between normal and overweight categories. 

 

7. Future research  

Future research should aim to increase the value of collected data by including older players and 

a higher number of participants. It would be relevant to include the playing position of the player. 

Playing position information would enable us to connect positions to BMI status. The BMI status 

was intended for individuals 20 years and older, and therefore it would be preferable to have 

participants 20 years and older to connect to the index. 
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