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Abstract  

Objectives: Given the importance of physical fitness for football players, it is of interest 

to further increase this aspect. Additionally, the level of physical fitness increases during 

adolescence. This study intends to get a better understanding of the relationship between 

training load measures and development in physical fitness during adolescence. 

Method: Boys (14.4  1.6 years, n=16) and girls (14.4  0.9 years, n=12) completed pre- 

and post-testing separated by one year. In-between testing, training load measures were 

collected for three two-weeks periods. Physical fitness was assessed by performing; 10-

m and 30-m sprint, change of direction, countermovement jump, Keiser leg press, and 

YoYo intermittent recovery test 1. Training load measures were collected using global 

navigation satellite system units, additionally to self-reported session rate of perceived 

exertion. Correlation analyses were performed between average training load measures 

per period and percentage change in physical fitness characteristics.  

Results: Boys performed better compared to girls in six physical fitness tests during pre-

testing, and eight tests during post-testing. Girls performed better in four tests, whereas 

boys performed better in all nine tests during post-testing compared to pre-testing. Boys 

had greater percentage change in total force (31.4% vs. 14.0%) and total power (36.6% 

vs. 13.5%) in leg press compared to girls. Many training load measures were similar 

between sexes, but boys covered more distance sprinting (947  620m vs. 468  266m), 

had more efforts of sprinting (68  42 vs. 36  9) and had more high-intensity efforts 

(HIE) (543  252 vs. 270  113). A total of twenty-four correlations between training 

load measures and change in physical fitness tests were significant. No correlations were 

significantly for both sexes. The strongest correlation for boys was between change in 

relative force and efforts of high relative sprinting (r=0.66), whereas the strongest 

correlation for girls was between change in relative force and efforts of sprinting (r=0.79). 

Conclusion: Boys had a higher level of physical fitness and were also the ones to develop 

their level of physical fitness the most throughout one year. Boys had higher training load 

measures of sprinting and HIE. Several training load measures correlated with change in 

physical fitness, indicating a relationship between these measures. Here, higher training 

load measures were associated with a greater change in physical fitness. 
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1. Introduction 

As a result of the increasing physical demands for the elite players, youth players also 

need to adapt to a higher level of physical performance (Barnes et al., 2014, p. 1096). 

Match performance, measured in external load, has been linked to the level of physical 

fitness of youth football players (Buchheit et al., 2010, p. 822). Therefore, to further 

increase performance during matches, it is of interest to further increase the level of 

physical fitness. However, as the level of physical fitness is expected to increase 

throughout adolescence, the additional effect of training load, particularly in relation to 

measures of training load, is more unclear (Buchheit et al., 2010, p. 819; Greier et al., 

2019, p. 262). 

Training interventions have shown that athletes during adolescence will adapt to training 

interventions and improve physical fitness in abilities such as speed, agility, jumping,  

strength, and endurance (Buchheit et al., 2010, p. 2717; Baxter-Jones & Maffulli, 2003, 

p. 96; 2010, p. 2717; Hammami et al., 2017, p. 5; Lesinski et al., 2020, p. 1927). 

Furthermore, a regime with higher training volume has been proven to increase these 

physical abilities, relevant for football players, more compared to a regime with lower 

training volume (Hammami et al., 2013, p. 594; Wrigley et al., 2014, p. 1092). With the 

increased use of global navigation satellite systems (GNSS) to track external training load 

measures (Malone et al., 2017, p. 19), and the use of session rate of perceived exertion 

training load (sRPE-TL) (Foster et al., 2001, p. 113; Impellizzeri et al., 2004, p. 1043) to 

track internal training load, it would be of interest to further investigate if there are any 

of these measures that has a relationship with the development in physical fitness 

characteristics during adolescence. 

1.1 Purpose of the Study 

This study has been performed to get a better understanding of the relationship between 

training load measures and development in physical fitness during adolescence for 

football players. With increased knowledge of this relationship, training load can be 

manipulated to better improve physical fitness and therefore enhance performance during 

matches. Here, football players of both sexes were monitored throughout one year to track 

training load, additionally to track their development in physical fitness characteristics. 



8 

1.2 Research Questions 

The main research question for this study was: “What is the relationship between training 

load measures and development in physical fitness for football players during 

adolescence”. In additionally to the main research question, this study will also further 

investigate: 

- If there are differences in physical fitness between sexes of the same age during 

adolescence? 

- If there are differences in development in physical fitness between sexes of the same 

age during adolescence 

- If there are differences in training load measures between sexes of the same age during 

adolescence? 



9 

2. Theoretical Background 

For the theoretical part of this thesis, different aspects related to the study will be 

presented. Firstly, the physical demands related to football will be presented as this thesis 

focuses on the physical fitness of youth football. Secondly, information about growth and 

maturation, along with development during adolescence is presented to inform about 

changes occurring during adolescence without training regimes. Thirdly, two different 

ways to track and register training load will be introduced as this is relevant to better 

understand training load measures, additionally, to better understand the methods used to 

collect data throughout this study. Lastly, development related to different training 

regimes during adolescence will be presented to better understand relevant physical 

fitness characteristics, and what level of development to expect from this study. The 

theoretical background will, additionally to give a better understanding the method- and 

result chapter, also be used when discussing the results from this study. 

2.1 Physical Demands in Football 

The game of football enjoys global recognition, and its immense popularity is reflected 

in the substantial number of individuals who participate in it. Football is a multifaceted 

sport, as it demands a diverse range of skills both during training and in competitive 

matches (Carling, 2013, p. 656). Therefore, to perform at a highly competitive level, the 

player needs to master several skills simultaneously (Carling, 2013, p. 656). Despite this 

thesis focusing on the physical demands, the player also needs to master technical, 

tactical, and psychological abilities (Carling, 2013, p. 656). As the physical demands have 

increased throughout the last decade, this alters the level of competition which the player 

needs to adapt to (Andersen et al., 2004, p. 626; Barnes et al., 2014, p. 1096). Barnes et 

al. (2014, p. 1097) found that the average distance covered during matches in the English 

Premier League from the 2006-07 season to the 2012-13 season increased by 1.9%. 

Despite being statistically significant (p<0.01), the change was only trivial (Barnes et al., 

2014, p. 1096). However, they also compared high-speed running distance (HSR) (19.8-

25.1km/h) and sprinting (>25.1km/h) distance for the same period and found greater 

changes favoring the newer seasons (Barnes et al., 2014, p. 1097). HSR distance increased 

by 29% from the 2006-07 season, not even being the season with the lowest numbers, to 

the last season 2012-13 (Barnes et al., 2014, p. 1096). The increase is reflected by the 

increase of HSR distance actions which increased by 49% per match. Similar increases 
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were seen in the distance covered by sprinting and the number of sprints, 51% and 84%, 

respectively (Barnes et al., 2014, p. 1096). 

The reason for discussing these measures, HSR and sprinting, is that it seems like with 

an increase in competitive level, the distance covered and the number of actions for these 

measures increases (Mohr et al., 2003, p. 523). When Mohr et al. (2003, p. 523) compared 

moderate, Danish League, to top-class, both Italian-, and Champions League, players, the 

top-class players performed more HSR and sprint actions (Mohr et al., 2003, p. 523). 

Mohr et al. (2014, p. 523) observed that the average number of high-speed runs (>18km/h) 

during a match was close to 50 for moderate players, which constituted about 2% of the 

total time. In contrast, top-class players performed an average of close to 70 high-speed 

runs, making nearly 3% of the total time engaged in high-speed activity (Mohr et al., 

2003, p. 523). Notably, the mean duration of high-speed runs did not vary between the 

level of players (Mohr et al., 2003, p. 523). Similar findings were found regarding 

sprinting where moderate players sprinted less (>30km/h) compared to top-class players 

(Mohr et al., 2003, p. 523). The top-class players performed 50% more sprints, resulting 

in 55% more time spent sprinting (Mohr et al., 2003, 523). Despite HSR and sprinting 

making such a small share of the total, it seems as if these actions are crucial in match-

winning moments (Barnes et al., 2014, p. 1099; Stolen et al., 2005, p. 509). Similar results 

were obtained for youth players participating in an elite under-17 international cup, 

wherein the top and middle-ranked teams were found to cover a greater distance while 

sprinting compared to the bottom-ranked teams, with a respective increment of 8% and 

6% in the distance covered (Varley et al., 2017, p. 23). 

In contrast to Mohr et al (2003, p. 523), Di Salvo et al. (2009, p. 208) found that teams in 

the bottom, and the mid-table in the English Premier League covered a greater distance 

in several speed categories compared to the teams finishing at the top five. The top five 

teams covered on average 4% less HSR (>19.8km/h) per match, being statistically 

different from both the mid-table and the bottom-table teams (Di Salvo et al., 2009, p. 

208). Similar findings apply to the distance covered by sprinting (>25.2km/h) (Di Salvo 

et al., 2009, p. 208). However, these differences could be explained by the different 

approaches to collecting data. Whereas Mohr et al. (2003, p. 523) compared two different 

leagues, Di Salvo et al. (2009, p. 208) compared several teams in the same league. A 

collection from Rampinini et al (2007, p. 1020) supports the findings that teams seem to 
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decrease their distance covered in different speed categories as they play against teams of 

a lower level. This reflects the influence of the opponents, as it seems like the better teams 

can apply a different tactical approach as they have the advantage over the other team - 

especially when being in the lead (Di Salvo et al., 2009, p. 209). Despite the distance 

throughout the entire match might not be different, it is discussed if this might be a 

consequence as the better teams will have higher intensity in the first half, bringing them 

to the lead for them to later change the tactical approach (Di Salvo et al., 2009, p. 211; 

Rampinini et al., 2007, p. 1022). 

Additional to the time spent, or distance covered in different speed thresholds, agility and 

speed are both important aspects of football (Bloomfield et al., 2007, p. 68). Agility is 

defined as “rapid whole-body movement with change of velocity or direction in response 

to a stimulus”, whereas speed is defined as “the ability from the neuromuscular system to 

create horizontal acceleration” (Gjerset et al., 2015, p. 443; Sheppard & Young, 2006, p. 

922). When Bloomfield et al. (2007, p. 68) analyzed the Premier League they discovered 

that players, depending on position, performed somewhere between 500-700 purposeful 

changes of directions (CoD). Also, Mohr et al. (2003, p. 522) estimated players to perform 

150-250 intense actions throughout a match. With the complexity and the unpredictable 

aspect of the sport, the ability to rapidly change movement patterns in response to players 

and the ball is important in both the defending and attacking phases (Bloomfield et al., 

2007, p. 69). 

2.2 Growth, Maturation, and Development During 

Adolescence 

Throughout adolescence, individuals experience a developmental transformation from a 

state of childhood to that of young adulthood. During childhood; physiological, 

anthropometrical, and motor control differences between boys and girls are relatively 

small (Armstrong & Mechelen, 2017, p. 49). The processes of growth and maturation are 

ongoing from the moment of birth until individuals are considered “fully grown up”, 

nevertheless, the timing and pace of these changes are unique to each individual 

(Armstrong & Mechelen, 2017, p. 3). 
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2.2.1 Growth 

Growth refers to the size or mass of either the whole individual or specific parts of the 

body (Armstrong & Mechelen, 2017, p. 3). The most commonly used measurements are 

height, sitting height (estimating lower body length) and weight, however, it is also 

possible to measure fat mass (FM), fat-free mass (FFM), and bone mineral content with 

different techniques and equipment (Armstrong & Mechelen, 2017, p. 3). As there are 

large differences for every individual, there are also differences in when boys and girls 

commonly reach their peak height velocity (PHV) (Malina & Koziel, 2014a, p. 426; 

2014b, p. 1378). Furthermore, the average age at which boys experience their PHV is 

between thirteen and fifteen years of age, whereas the PHV appears earlier for girls, 

commonly between the age of eleven and thirteen years of age (Malina & Koziel, 2014a, 

p. 426; 2014b, p. 1378). The growth starts distal, at the hands and feet, before gradually 

moving proximal to the thigh and torso (Armstrong & Mechelen, 2017, p. 18). As shown 

in Figure 1, leg length grows at a higher velocity earlier compared to how the sitting 

height evolves, this is equal regardless of sex (Mirwald et al., 2002, p. 690). The peak 

increase in mass is delayed by one year compared to the PHV, where the majority of the 

mass is made up of fat for girls and muscles for boys (Corso, 2018, p. 152). 

 

Figure 2.1: The figure is taken from “An assessment of maturity from anthropometric measurements" and is meant to 

illustrate the differences in growth between girls and boys, in additionally to differences in growth in leg length 

compared to sitting height (Mirwald et al., 2002, p. 690). 
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2.2.2 Maturation 

Maturation is the process by which the body develops and matures, leading to physical 

changes and improvements in physical abilities (Armstrong & Mechelen, 2017, p. 4). 

Maturation is a key factor in physical development and performance for young athletes. 

Here, they experience changes in body composition, muscle mass, and bone density, 

which further will affect their strength, power, and endurance (Wrigley et al., 2014, p. 

1092). The level of maturity can be estimated in many different ways, such as; skeletal-, 

dental-, hormonal- and somatic maturity (Beunen et al., 2006). One method used to 

determine the level of maturity is taking an x-ray of the wrist as this gives information 

about the skeletal age (Beunen et al., 2006, p. 245). Another method used is the ratio 

between standing and seated height as the lower limbs grow before the upper extremity 

(Beunen et al., 2006, p. 249). Similarly, as with growth, girls seem to mature earlier 

compared to boys, leading to earlier changes for girls (Malina & Koziel, 2014a, p. 426; 

2014b, p. 1378). 

2.2.3 Physical Fitness Development During Adolescence Without 
Training Stimuli 

Growth will affect the biomechanics and therefore the coordinative capabilities during 

adolescence, factors like the center of gravity, often referred to as the center of mass, 

changes relatively rapidly (Corso, 2018, p. 153). Boys have a larger increase in shoulders 

width giving them an advantage in throwing sports as this increases the rotational forces. 

Whereas girls have a larger increase in the hip region, lowering the center of gravity and 

giving advantages in sports requiring balance (Armstrong & Mechelen, 2017, p. 18). 

Maturation is associated with an increase in physical performance due to factors like 

increased growth and improved neuromuscular systems (Corso, 2018, p. 155; Greier et 

al., 2019, p. 262). For boys, the increase in physical performance is mainly caused by the 

increase in muscle mass and the increased concentration of hemoglobin as a result of the 

increase in growth hormone and testosterone (Rogol et al., 2003, p. 195). As 

chronological age and maturity level proceed independently this will affect performance 

during adolescence (Wrigley et al., 2014, p. 1092). Consequently, early-maturing athletes 

may be at an advantage, as adolescence is frequently considered a pivotal stage of life for 

selection into academies or teams with superior training regimes (Grendstad et al., 2020, 

p. 255). However, the beneficial sides of maturation might differ to some degree for girls. 
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Girls also seem to increase their strength during adolescence as they also get influenced 

by an increase in the steroid estrogen, however, simultaneously they have a larger increase 

in fat mass than boys, potentially negatively affecting their performance in sports 

(Armstrong, 2017, p. 92; Armstrong & Welsman, 2019, p. 205; Rogol et al., 2003, p. 

195). Girls also seem to reach a plateau around the age of thirteen, rather than keep 

improving their physical fitness throughout adolescence as boys do (Greier et al., 2019, 

p. 262). As illustrated underneath by Greier et al. (2019, p. 262) in a cross-sectional study, 

boys kept improving with age when testing; sprinting and standing long jump. Similar 

findings were found for push-ups, sit-ups, and running (Greier et al., 2019, p. 262). These 

are the improvements found in a large sample of students, regardless of training, therefore 

it will be of interest to better understand if there is additional development with training. 

 

Figure 2.2: The figure is taken from “Physical Fitness across 11- to 17-Year-Old Adolescents: A Cross-Sectional Study 

in 2267 Austrian Middle- and High-School Students" showing the development in sprinting and standing long jump 

from the age of 11- to 17- years of age for both sexes (Greier et al., 2019, p. 262). 

2.3 Training Load 

Athletes are subjected to a training load to improve their physical abilities that are relevant 

to their sport, thereby enhancing their overall performance (Viru & Viru, 2000, p. 67). 

The stress infused by a single or series of exercises results in adaptations in different 

organisms (Viru & Viru, 2000, p. 67). The goal of structured training is to optimize the 

adaptations for a prolonged time. To achieve this, stress applied to the athletes needs to 

be manipulated on an individual level (Impellizzeri et al., 2019, p. 270). Monitoring of 

training load might therefore be a great tool for understanding the athlete’s progression, 

or in the worst-case, regression (Bourdon et al., 2017, p. 161). Furthermore, load 

monitoring might also help optimize the training program by better understanding the 

individual’s response to the training stimuli (Bourdon et al., 2017, p. 161). 
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Training load is typically divided into two separate categories; external-, and internal 

training load (Bourdon et al., 2017, p. 161; Impellizzeri et al., 2004, p. 1042). The external 

training load refers to the work performed by an athlete, this load can be prescribed within 

a training plan explaining measures such as distance, velocity, duration, or load during 

strength training (Impellizzeri et al., 2019, p. 270). However, external training load can 

also be collected during training with different equipment. Internal training load refers to 

the individual’s response to the work performed, however, this can also be prescribed to 

explain the desired intensity of an exercise or training (Impellizzeri et al., 2019, p. 270). 

Also here, the internal training load can be observed during their training. If the athlete 

can increase the external work with the same internal load this might reflect an increase 

in physical fitness. Likewise, if the athlete does the same amount of work with a reduced 

internal load this might also reflect an increase in physical fitness. 

2.3.1 External Training Load 

Along with the development of technology, access to external training load measures has 

improved (Cummins et al., 2013, p. 1026). Duration is a simple measure that has been 

used for a long time, however as video, accelerometer, gyroscopes, and GNSS have 

improved, several new measures have increased the availability of external training load 

measures (Cummins et al., 2013, p. 1026). From only discussing the duration of a match 

or a single training session, modern technology reveals forces acting on the athlete, 

actions performed, time spent- or distance covered in different speed thresholds (Bourdon 

et al., 2017, p. 163; Cummins et al., 2013, p. 1031). 

Many of the measures discussed for modern football are made possible using variable 

GNSS and accelerometer, typically combined in one unit mounted on the player 

(Cummins et al., 2013, p. 1026; Miguel et al., 2021, p. 1; Scott et al., 2016, p. 1471). The 

GNSS is utilized to determine the precise location of the athlete, thus enabling the 

computation of the distance covered in various speed thresholds during their movements 

(Cummins et al., 2013, p. 1026). Additionally,  the accelerometer detects the accelerations 

in the three different planes: sagittal, frontal, and transverse (Cummins et al., 2013, p. 

1026). Together, these make a variety of measures used to get a better understanding of 

the external loads related to football (Miguel et al., 2021, p. 12). Here, distances can be 

presented as total distance (TD), or distances covered with specific thresholds (Miguel et 

al., 2021, p. 13). Accelerations in all three planes can be summarized to make the 
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PlayerLoad (PL), additionally, thresholds for accelerations can be made to determine the 

intensity of movements or to calculate the number of accelerations (Luteberget et al., 

2018, p. 468; Miguel et al., 2021, p. 14). 

For football, there are some frequently reported measures to represent the external 

training load (Barnes et al., 2014, p. 1096; Rave et al., 2020, p. 3). However, there are 

differences in thresholds used despite discussing the same measures (Algroy et al., 2021, 

p. 3; Buchheit et al., 2010, p. 819; Gabbett, 2015, p. 3356; Miguel et al., 2021, p. 13; Rave 

et al., 2020, p. 3). Still, there are no standards of what thresholds to use for the different 

levels of competition, age, or sex (Algroy et al., 2021, p. 3; Buchheit et al., 2010, p. 819; 

Gabbett, 2015, p. 3356; Miguel et al., 2021, p. 13; Rave et al., 2020, p. 3). Additionally, 

to different thresholds, there are variations in what measures that have been presented 

(Rave et al., 2020, p. 3). Despite this, it must be stated that typically presented measures 

are; total distance, high-speed distance, sprinting distance, and accelerations and 

decelerations (Buchheit et al., Algroy et al., 2021, p. 3; 2010, p. 819; Miguel et al., 2021, 

p. 17; Rave et al., 2020, p. 3). For younger athletes, Gabbett (2015, p. 3356) suggests 

using relative thresholds to better understand the individual training load, as the physical 

fitness differences are large during adolescence. 

2.3.2 Internal Training Load 

Similarly, as with external training load, there are several different measures to express 

the internal training load (Impellizzeri et al., 2019, p. 270; Miguel et al., 2021, p. 9). Also 

here, there has been an increase in measures as knowledge related to training has 

improved (Impellizzeri et al., 2019, p. 270). In contrast to the external categories that have 

been discussed for team sports, which predominantly rely on GNSS and accelerometer 

data to measure external training load for team activity, there exist various approaches to 

gain a more comprehensive insight into an individual's response to the training load 

(Miguel et al., 2021, p. 8). 

The internal measures are typically classified into three categories (Miguel et al., 2021, 

p. 8). One category is the heart rate, either being presented as absolute beats per minute, 

relative to the maximal heart rate (%HRmax) divided into intensity zones or combined with 

the duration to make the training impulse (TRIMP) (Miguel et al., 2021, p. 8). However, 

they have limitations in terms of accuracy and variability due to factors such as 
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environmental conditions, play situations, and individual differences in heart rate 

response (Impellizzeri et al., 2004, p. 1045). Therefore, it is important to consider these 

limitations when presenting and interpreting heart rate data to avoid overgeneralization 

or misinterpretation (Impellizzeri et al., 2004, p. 1045).  On the other hand, heart rate can 

easily be included as it does not require anything from the athlete except wearing a heart 

rate monitor. Along with standardized training protocols, it might detect changes in 

physical fitness for the individual (Rave et al., 2020, p. 8). Another category is biomarkers 

which can be detected in blood and spit, among others, where either an increase or 

reduction among different substances will reflect the response to training for either an 

acute or a prolonged period (Miguel et al., 2021, p. 10). For example, may the level of 

creatine kinase in the blood indicate to what level the athlete has recovered from a match 

(Rave et al., 2020, p. 8). Measuring the blood lactate acid might indicate the relative 

intensity of the athlete´s recent activity (Bangsbo et al., 2007, p. 113). Likewise, as with 

heart rate, biomarkers will give an objective measure of the athletes to better understand 

response and adaptation to training load (Miguel et al., 2021, p. 2). However, data 

collection might be time-consuming and expensive to perform on larger teams where 

standardized levels are lacking, due to large individual differences (Miguel et al., 2021, 

p. 2). The last, out of the three categories, are questionnaires where the athlete rates their 

perceived exertion (RPE) from a session or reflects on how their overall wellness or 

readiness among other self-reported factors at a given time (Foster et al., 2001, p. 109; 

Miguel et al., 2021, p. 11). Session RPE (sRPE) was introduced to have an additional 

factor when monitoring various types of training by rating exertion from 0-10, here 0 

represents rest and 10 represents maximal effort (Foster et al., 2001, p. 111). Additionally, 

the duration of the training was multiplied with the RPE making the sRPE-TL (Foster et 

al., 2001, p. 113; Impellizzeri et al., 2004, p. 1043). RPE and questionnaires are useful 

methods for assessing internal training load response within football due to their ease of 

administration and cost-effectiveness (Impellizzeri et al., 2004, p. 1046). However, their 

subjective nature and potential for inconsistent responses should be taken into 

consideration when interpreting the data (Impellizzeri et al., 2004, p. 1046). 

Similarly, as with external training load, there is a wide variety of categories being 

reported, however, questionnaires and heart rate seem to be most commonly used (Miguel 

et al., 2021, p. 17). Then again, it should be noted that these categories make a large 
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variety of measures, with RPE and TRIMP being the measures most frequently reported 

(Miguel et al., 2021, p. 17). 

As training load can be explained in several different categories and measures, there is no 

golden standard to what measures to use, as this depends on the type of training performed 

(Impellizzeri et al., 2019, p. 270). Therefore, it is important to highlight the importance 

that both external-, and internal training load should be considered together to better 

understand training load and individual response (Impellizzeri et al., 2019, p. 273). 

2.4 Physical Fitness Development During Adolescence With 

Training Stimuli 

As physical demands related to football, training load, and changes during adolescence 

have been described previously, this section will focus on the development that occurs 

with training stimulus during adolescence. Studies reveal that adult athletes perform 

better compared to youth athletes in physical qualities such as speed, jumping, agility, 

strength, and endurance (Gabbett, 2002, p. 336; Kelly et al., 2017, p. 3062). Therefore, it 

will be of interest to better understand how athletes during adolescence should train to 

better improve their physical fitness. Additional to studies analyzing an intervention for 

a certain time, adaptations to training load on the field will be discussed. 

2.4.1 Speed 

Speed is described as the neuromuscular system's ability to create both horizontal and 

vertical accelerations (Gjerset et al., 2015, p. 443). Here, rapid and maximal activation of 

the relevant muscles, in addition to the muscle’s capabilities in terms of muscle 

composition of type II fibers, pennation angle, length, and the cross-sectional area seems 

to be of importance (Raastad et al., 2010, p. 226). Furthermore, speed can be divided into 

several categories: acceleration-, maximal-, and endurance speed (Schoenfeld & Snarr, 

2021, p. 466). The different speed categories will differ in importance related to playing 

position as each position has different demands (Varley et al., 2017, p. 22). Speed is an 

important factor in football as it will determine vital situations when either scoring a goal, 

preventing a turnover, or making a tackle (Varley et al., 2017, p. 25). As there are some 

differences in the speed categories, they are also being tested in a different scenario or 

with different distances (Buchheit et al., 2010, p. 2717; Gabbett, 2002, p. 336; Grendstad 

et al., 2020, p. 256; Wrigley et al., 2014, p. 1091). Often, both acceleration and maximal 
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speed are determined by a 30-m or 40-m sprint, where the first 10-m represents the 

acceleration phase and the best split-time from the fastest 10-m represents the maximal 

speed (Grendstad et al., 2020, p. 257). Endurance sprint describes the ability to either 

maintain speed for a longer period (> 6 seconds), or the ability to maintain speed with 

repeated sprints, this is commonly tested by intermittent sprints when testing football 

players (Buchheit et al., 2010, p. 2716; Schoenfeld & Snarr, 2021, p. 466). 

Several studies found that performance in sprinting increases with chronological age 

(Gabbett, 2002, p. 336; Greier et al., 2019, p. 262; le Gall et al., 2010, p. 92; Williams et 

al., 2011, p. 267). However, there might be an indication of players reaching their 

maximal speed during late adolescence without further increase with age, however, this 

might also reflect selection to elite teams rather than still playing for academy teams for 

this study (Smalley et al., 2021, p. 136). When looking at sprinting performance in a 

match, similar findings apply as both top velocity, sprinting distance and accelerations 

increased with age (Buchheit et al., 2010, p. 819). Additional to increasing speed with 

age, it is shown that athletes during adolescence will improve performance when taking 

part in interventions to increase their speed abilities (Buchheit et al., 2010, p. 2717; 

Lockie et al., 2012, p. 1543). When studying athletes for a longer period, it seems as if 

there is an additional benefit with a higher training volume, compared to a lower training 

volume, during adolescence (Wrigley et al., 2014, p. 1092). 

2.4.2 Agility 

Agility is a complex movement combining acceleration, deceleration, reacting to a 

stimulus, and CoD (Sheppard & Young, 2006, p. 919). Despite agility is defined as a 

response to stimulus, testing is often conducted without this variable to make it more 

standardized – bringing it closer to a CoD test (Stewart et al., 2014, p. 501). It would be 

easy to assume that abilities similar to speed will be relevant, however, Sheppard & 

Young (2006, p. 923) found only weak or moderate correlations between sprinting, leg 

strength, and leg power. However, this correlation is depending on how many turns the 

agility- or CoD test has as this results in different demands. Football is an open sport 

where the players need to adapt rapidly to many stimuli, such as the opponent, teammates, 

and the ball. Therefore, agility is important for football players as they perform more than 

500 turns defined as purposeful movement, where the majority of these are performed 
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between 0 - 90 (Bloomfield et al., 2007, p. 68). Agility is also proven to be an important 

physical test that separates levels between youth players (Reilly et al., 2000, p. 698). 

Similarly, as with speed, CoD performance increases with age (Figueiredo et al., 2009, p. 

66; Lloyd et al., 2015, p. 15). Despite the increase with age, it seems to reach a plateau 

and might even decrease with an increase in age (Loturco et al., 2020, p. 1283). Despite 

some studies do not find improved performance, overall, there seems to be an increase in 

performance with training either specifically for CoD or less specific (Hammami et al., 

2017, p. 5; Thieschafer & Busch, 2022, p. 17). For adults, agility performance seems to 

not increase with increased strength, however, for young athletes an increase in strength 

seems to enhance performance further compared to development from growth and 

maturation alone. (Thieschafer & Busch, 2022, p. 18). Still, the principle of specificity 

stands strong to improve agility (Lesinski et al., 2020, p. 1925; Thieschafer & Busch, 

2022, p. 18). During longitudinal studies performance increased with age (Bidaurrazaga-

Letona et al., 2015, p. 236), furthermore, there seems to be an additional increase in 

performance with a high training volume compared to low training volume (Wrigley et 

al., 2014, p. 1092). 

2.4.3 Jumping 

Jumping can be divided into horizontal-, and vertical jumping (Raastad et al., 2010, p. 

225). Similarly to speed, rapid and maximal activation of the lower limb muscles is 

necessary to produce as much power as possible, in a short period (Raastad et al., 2010, 

p. 225). The ability to jump high will benefit gameplay as this might result in either 

scoring or preventing turnovers by beating the opponent in a dual. Jump performance also 

reflects the relative power production in the legs in a more familiar manner compared to 

movements with equipment or free weights (Paul & Nassis, 2015, p. 1755). Two 

commonly used methods are the squat jump and countermovement jump (CMJ) as they 

are both time efficient and easy to administrate (Paul & Nassis, 2015, p. 1750). Still, the 

CMJ is more commonly tested as this often feels more natural and is more similar to 

sports as this is a plyometric movement compared to jumping from a static start (Paul & 

Nassis, 2015, p. 1755). Using a force plate is seen as the golden standard for testing jump 

performance as this uses ground reaction forces to determine the height (Toft Nielsen et 

al., 2019, p. 9). 
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Similarly to speed, many studies show an increase in jumping performance with an 

increase in chronological age, but the differences seem to be smaller as they get older 

(Buchheit et al., 2010, p. 819; le Gall et al., 2010, p. 92; Loturco et al., 2020, p. 1281; 

Williams et al., 2011, p. 267). When training specifically to improve jumping 

performance, football players during adolescence seem to increase jumping performance 

(Buchheit et al., 2010, p. 2717). Also, when testing the same athletes for a prolonged 

period they increase their performance with age, and when comparing academy to non-

academy players the higher training volume for the academy players resulted in greater 

improvement (Wrigley et al., 2014, p. 1092). 

2.4.4 Strength 

Strength is defined as “the maximal force or torque a single muscle or a muscle group can 

create from a specific or predetermined velocity” (Raastad et al., 2010, p. 13). 

Furthermore, strength can be divided into maximal strength, producing high force from a 

low contraction velocity, or explosive strength, producing high power from a high 

contraction velocity (Raastad et al., 2010, p. 13). Important factors for strength are 

combined by both the muscle and the central nervous system (Raastad et al., 2010, p. 19). 

Variables important for strength related to the muscles are; physiological cross-sectional 

area, pennation angle, and muscle composition, whereas variables important for the 

central nervous system are; coordination and level of activation of the muscles (Raastad 

et al., 2010, p. 19). As previously described, these are variables important for speed, 

jumping and CoD, additionally, strength might benefit players as football is a sport 

allowing physical contact during tackles. Maximal strength can be tested during a one 

repetition maximum (1RM) in a given exercise with a given range of motion, on a force 

platform, isometric in a fixed position, or isokinetic in a movement controlled eccentric 

or concentric (Redden et al., 2018, p. 539; Raastad, 2010, p. 143). Explosive strength can 

also be tested on a force platform during a jump, Keiser leg press, or isokinetic in 

concentric movement (Raastad et al., 2010, p. 145; Redden et al., 2018, p. 539). 

Strength increases during adolescence, more for boys compared to girls, however, they 

both seem to have an additional increase when adding resistance training (Armstrong & 

Mechelen, 2017, p. 494; Lesinski et al., 2020, p. 1927). Mainly, the additional 

improvement by adding resistance training seems to be an improvement of the central 

nervous system rather than the muscles, even though it is discussed that with prolonged 
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studies with higher volume, more adaptations will occur in the muscles as well 

(Armstrong & Mechelen, 2017, p. 494). 

2.4.5 Endurance 

Endurance is described as “the ability to work with a relatively high intensity for a given 

time” (Gjerset et al., 2015, p. 270). It is therefore important to produce much energy 

and/or reduce the cost, which is why the circulation system, work economy, and 

utilization rate are important (Stolen et al., 2005, p. 522). The main energy system utilized 

in a match is the aerobic system, however as the anaerobic movements seem to be of such 

importance this energy system must also be emphasized (Stolen et al., 2005, p. 522). As 

football is an intermittent sport, testing should also be performed in this manner (Bangsbo 

et al., 2008, p. 37). Commonly the Yo-Yo intermittent recovery (YYIR) test 1 or 2 is used 

to test football-specific endurance as this test includes sharp turns, short brakes, and 

“shorter” distances covered over an increasing intensity (Bangsbo et al., 2008, p. 38). 

Performance in YYIR-1 increased with age (Bangsbo et al., 2008, p. 43). When testing 

maximal oxygen consumption by comparing one endurance- and one non-endurance 

group during adolescence for a prolonged period there was no difference in the increase 

of maximal oxygen consumption (Landgraff, 2020, p. 32). However, when comparing the 

time to exhaustion the boy endurance group increased close to 3 times more compared to 

the boys in the non-endurance group, whereas there were no differences between the girl 

groups (Landgraff, 2020, p. 44). Despite the endurance group already performing best 

from baseline, they were also the group to increase the most. Similar findings apply when 

comparing academy players to non-academy players, here the academy players 

performed better at baseline but were also the ones to increase their performance the most. 

(Landgraff, 2020, p. 44; Wrigley et al., 2014, p. 1092). 
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3. Method 

The method chapter is meant to give a better understanding of what has been done to 

respond to the research question. Firstly, study design will be described followed by 

presenting the participants and inclusion criteria. Later, the ethics related to the study will 

be presented before describing the test battery and how training load was collected. 

Lastly, the statistical analyses will be described. 

3.1 Study Design 

This master thesis is a part of a larger study. The larger study is a longitudinal study that 

started in late 2021 and is expected to be finished by the summer of 2024. The larger 

study will examine many factors (training load, injuries, physical fitness) related to 

getting a better understanding of how football and handball athletes train and evolve 

during adolescence. This thesis will focus on training load, both external- and internal 

load, and the development of physical fitness for football players over one year. This 

chapter, method, will only describe tests and how data were managed for this thesis. Data 

available at the end of 2022 will be used for this thesis. 

Data collection consisted of both physical testing and monitoring of the training load. Pre-

testing was performed about one year before post-testing. Training loads were collected 

over three periods over one year, each period lasting two-weeks. The intention of this was 

to get a broader range of their common training load throughout the year as this might 

vary within a season. Objective training loads were only conducted during organized 

football sessions and matches, whereas subjective training load was to be submitted from 

every activity performed throughout the two-weeks period. 
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Figure 3.1: Predetermined plan for testing and collection of the training load. Further data will be collected after post-

testing, this will not be included in this thesis. Therefore, this figure shows the data collection relevant for this thesis. 

One period consists of two-weeks. TL – Training Load; CoD – Change of Direction; CMJ – Countermovement Jump; 

YYIR – YoYo Intermittent Recovery test. 

3.2 Participants and Inclusion Criteria 

The study recruited both boys and girls actively playing football at the age of 13-, 15- and 

17 years of age. Athletes were recruited from teams in Oslo, Norway. Teams were 

selected with the idea to monitor teams with different training load and levels of 

competition. Players from all positions, except keepers due to their difference in physical 

fitness demands and external training load during training and matches (Di Salvo et al., 

2008, p. 444), were recruited. All participants were to report their subjective training load 

for everyday activity, in addition to the objective measures collected using a wearable 

GNSS during the football sessions for the selected periods. The participants also 

completed two test batteries, giving pre- and post-results. To be included, the subject had 

to take part in 60% or more of the football sessions for at least two out of the three periods 

for data collection. Additionally, subjects had to have both pre- and post-results from at 

least one test. No inclusion criteria were made for reporting subjective training load, 

sRPE. Descriptive data of the included participants are presented in Table 3.1. 
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Table.3.1: Descriptive data of the included participants from the beginning of the study (2021). Values are shown as 

average   standard deviation (SD). 

Sex Age (years) Height (cm) Weight (kg) Quantity (n) 

Male 

Female 
14.4  1.6 

14.4  0.9 

164.3  11.2 

165.4  5.8 

52.3  13.1 

57.5  5.2 

16 

12 

 

3.3 Ethics Statement 

All participants have signed an informed letter agreeing to participate, being aware of 

both the risks and the protocol for the study, and additionally, information about how their 

data will be stored and used to establish new knowledge (Appendix III). Additionally, the 

guardians of the participants below sixteen years of age also had to sign, agreeing to 

participate. All participants are allowed to review their data and drop out of the study at 

any time. It will not be possible to identify the participants as we are using numbers as 

ID, while only certified personnel will have access to the name list. All data related to the 

study, including ID, will be stored for five years before being erased. The larger study 

was approved by “norsk senter for forskningsdata” (NSD) and the Norwegian School of 

Sport Science ethical committee. Assessments from NIH ethical committee and NSD are 

shown as appendices (Appendix I and Appendix II). 

3.4 Measurement of Physical Fitness and Anthropometrics 

The test battery was carefully selected to measure physical fitness related for football 

players, additionally to anthropometrics. The physical tests were therefore selected to get 

information about abilities of importance during play situations, whereas the 

anthropometrical measures were meant to measure the characteristics of the players. The 

abilities that were being tested were; speed, jumping, strength, and endurance. The tests 

were performed on two separate days. Day 1 consisted of measuring anthropometrics 

before performing a standardized warm-up controlled by a coach familiar with the testing. 

Following the warm-up were sprinting and then CoD, before the remaining tests were in 

a random order making it more time efficient. Day 2 consisted of a voluntary warm-up 

controlled by a coach before completing the endurance test. All tests during day 1 were 

performed with the same equipment with the same protocol for both pre- and post-testing. 

The endurance test on day 2 was performed inside, however, due to logistics the 
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endurance test was completed in different sport halls. Still, an effort was made to get both 

pre- and post-testing within the same location, despite not always being possible. Athletes 

were encouraged to use inside shoes for all physical tests. During all physical tests, 

athletes were verbally encouraged to give their best by the test leaders. 

3.4.1 Sprint 

Athletes line up with their front foot placed 50 centimeters behind the first photocell. 

Followed by a “good” signal from the coach, the athletes voluntarily starting their sprint. 

To ensure standardized testing procedures, all athletes completed their first run, in a 

predetermined order, before all athletes proceeded to their second and then third run. To 

minimize fatigue, a rest interval of at least three minutes was provided between each run 

for all athletes. Sprint was tested with a 30-meter linear sprint, timings were collected at 

10-m, and 30-m by photocells. The top speed was determined from their fasted 10-m 

interval. From previous studies, both acceleration and top speed seem to be important in 

crucial moments during match play (Barnes et al., 2014, p. 1099; Stolen et al., 2005, p. 

509). Sprint performance also seems to give valid information about the external work 

performed during small-sided and large-sided gameplay (Castillo et al., 2020, p. 200). 

The photocells used, Athletics Trainer System (IC control Media & Sport, Bromma, 

Sweden), were mounted inside a gym where the running track is closed off during testing. 

To ensure consistency in surface and conditioning, all athletes conducted their sprints at 

the same location. The 30-meter sprint test has an ICC of 0.90-0.97 making it a reliable 

test for young football players (Lopez-Segovia et al., 2015, p. 132; Loturco et al., 2017, 

p. 607). 

3.4.2 Change of Direction (OLT40 Agility Test) 

Similar to the sprint test, athletes started voluntarily 50 centimeters behind the first 

photocell. While facing the finish line 20 meters ahead, the athletes are to run a total of 

40 meters with four 180˚ turns, all turns performed with the same foot. Each athlete 

completes a total of four runs divided into two right-footed turns and two left-footed turns. 

Like sprinting, athletes completed their runs in order with a minimum of three minutes 

rest. The CoD test is a modified version of the S180˚ (Sporis et al., 2010, p. 682). Similar 

as with sprinting, rapid change of directions seems to be an important aspect of football 

as this might help interfere with a counterstrike or benefit players during duals in both 

offensive and defensive play situations (Bloomfield et al., 2007, p. 68; Reilly et al., 2000, 
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p. 698). The CoD tests were performed in the same place with the same equipment as 

with sprinting. Despite minor differences from the S180˚ by Sporis et al. (2010, p. 682), 

this test will be considered a reliable test, as the original test had an ICC of 0.94. 

Figure 3.2: OLT40 Agility Test. The blue trapeses illustrate the positioning of the photocells, start and finish. The 

striped lines indicated the start of the course, as the front foot was placed 50 cm behind the first photocell. The dotted 

lines indicate the lines where the athletes had to turn. The blue arrows indicate the running course for the athletes, 

despite the illustration might indicate a shift upwards this is only to show the four turns completed on the same foot. 

3.4.3 Jump Height (Countermovement Jump) 

The athletes performed their jumps with their hands placed on their hips throughout the 

entire movement. They were instructed to stand in an upright position with a shoulder-

width stance and perform their jump as fast and powerful as possible. They moved down 

to a self-selected depth before rapidly moving on to the concentric phase. Originally, a 

total of three attempts were given, with short rest in between. However, if they improved 

drastically, they were allowed to continue until reaching a plateau. Few instructions were 

given during testing, with exceptions where coaches felt this might benefit the athlete. 

Vertical jump height was tested with CMJ on a force platform (HUR Labs Oy, Tampere, 

Finland). The CMJ test is meant to reflect the demands of both power production and the 

neuromuscular ability to perform explosive and rapid movements during play situations 

(Requena et al., 2009, p. 1391; Raastad et al., 2010, p. 225). The CMJ has been proven to 

be a valid measure of power production (Liebermann & Katz, 2003, p. 90). As there are 

many ways of testing explosiveness and power production this is a known movement, 

making it easier for the athletes (Paul & Nassis, 2015, p. 1755). Despite some differences 

from jumping during game situations, the CMJ also tests the coordinative components of 

jumping which also might be affected during adolescence (Corso, 2018, p. 153). CMJ has 
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been proven to have good reliability from day to day with a coefficient of variation (CV) 

of 5.0% (Cormack et al., 2008, p. 138). The force platform uses ground reaction forces to 

calculate the height which has shown to be a reliable measurement with an ICC >0.90 

(Heishman et al., 2018). 

3.4.4 Keiser Leg Press 

Leg strength, force and power, were measured in the Keiser Leg Press (A300, Keiser Co. 

Inc.). The leg press machine uses air pressure (pneumatic) for resistance (Redden et al., 

2018, p. 540). The test used is Keiser´s 10RM protocol. Before starting the test, the test 

leader estimates the athlete's 1RM based on either previous testing or similar athletes. The 

test starts with two repetitions for familiarization and warm-up with low resistance, after 

this, the resistance automatically increases for every repetition until failure. As the 

resistance increases, the pauses between repetitions also increases slightly for every 

repetition. The 10th repetition is the predetermined estimated 1RM, however, if the player 

can perform the 10th repetitions the protocol continues with increased resistance and 

matching pause in-between repetitions. The athletes are instructed to perform every single 

repetition with the intention to move as rapidly and powerfully as possible. Both muscle 

strength and power are shown to be central components as their both shown to be 

important abilities as a football player (Cometti et al., 2001, p. 47; Requena et al., 2009, 

p. 1391; Raastad et al., 2010, p. 225). Given the frequent changes in direction and forces 

associated with running, accelerating, and decelerating during athletic competition, 

relative strength becomes a critical factor in enabling athletes to effectively control their 

body weight (Stolen et al., 2005, p. 518). Rather than focusing on absolute strength, 

relative strength might have better implications as subjects during this study vary in mass 

due to the large variation of growth during puberty (Malina & Koziel, 2014a, p. 426; 

2014b, p. 1378). This test has shown good inter-reliability for maximal force, maximal 

power, and average power, respectively; ICC:0,914, ICC:0,886, and ICC:0,886 (Redden 

et al., 2018, p. 540). 

3.4.5 YoYo-Intermittent Recovery Test 1 

Football-specific endurance was measured with the YYIR-1. The test consists of both a 

“running” and an active recovery part. The time during active recovery, 2 x 5m, remains 

constant at 10 seconds, whereas the time moving, 2 x 20m, decreases in levels with time. 

The athletes will get a warning if they start before the signal, do not touch the line before 
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turning, or if they do not reach the finish in time. Throughout the test, they can get one 

warning, but they were taken out of the test as they got their second warning. If the 

athletes manage to start, but not finish, they will get that as a counting lap. This test is 

designed to simulate the intermittent and rapid change of direction aspects of football 

(Bangsbo et al., 2008, p. 38; Stolen et al., 2005, p. 522). The test has previously been 

shown to correlate well with distances covered in matches for both HSR and TD  

(Castagna et al., 2009, p. 1956; Krustrup et al., 2003, p. 703). The setup for the track and 

audio are both standardized. The test has been proven to have good reliability with ICC 

of 0,87-0,95 and CV: 4,9% (Deprez et al., 2015, p. 66; Krustrup et al., 2003, p. 700). The 

track was set with the help of measuring tape and cones. The total distance ran was 

calculated from how many laps they had completed. 

 

Figure 3.3: YoYo Intermittent Recovery test 1 track. 

3.4.6 Anthropometrics 

When measuring anthropometrics, the athletes wore the clothes used when testing, but 

without their shoes. Height was measured using a stadiometer (Seca, Hamburg, 

Germany). Weight was measured using a digital scale (Seca, Hamburg, Germany). Height 

and weight were measured to the nearest 0.1 cm or 0.1 kg. Both measures were collected 

twice to ensure good data where the average was used. However, if the measurements 

had a larger difference than 0.2cm or 0.2kg a third measure was implemented, here the 

median was used (Mirwald et al., 2002, p. 690). 
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3.5 Collection of Training Load Data 

3.5.1 Internal Training Load 

During their 2-weeks periods, they were instructed to rate their sRPE and state the 

duration of every training session completed. They reported individually with their 

smartphone, using the application Athlete Monitoring (Moncton, Canada). For internal 

training load throughout this study, sRPE was collected and multiplied with the duration 

of the training session making the sRPE-TL (Foster et al., 2001, p. 113; Impellizzeri et 

al., 2004, p. 1043). sRPE-TL has been proven to correlate with external variables, TD 

(r=0.81, p<0.05), HSR (r=0.71, p<0.05), and (PL)(r=0.83, p<0.05) (Scott et al., 2013, p. 

270). Additionally, it has been shown to be both a valid and reliable measure of internal 

training load for youth football players (Impellizzeri et al., 2004, p. 1046; Vahia et al., 

2019, p. 97). Therefore, sRPE-TL gives us a better understanding of their training load 

without needing to take part in training sessions outside team football sessions. 

3.5.2 External Training Load 

The external training load will be monitored using the GNSS-units OptimEye S5 (10Hz) 

(Catapult Sports, Melbourne, Australia). These units are equipped with an inertial 

measuring unit (IMU) made out of an accelerometer (100Hz), gyroscope (100Hz), and 

magnetometer (100 Hz). For every football session, training or match, the athletes wore 

a customized vest placing the GNSS in between the scapulae. Additional to measuring 

the positioning of the player, the IMU will measure PL and high-intensity efforts 

throughout the session (Luteberget et al., 2018, p. 468). 

Throughout the study, we endeavored to provide all students with the same GNSS 

throughout the course to reduce the inter-variability within different units, this despite all 

units were from the same brand (Malone et al., 2017, p. 18; Roe et al., 2017, p. 639). Few 

studies have investigated the reliability and validity of the OptimEye S5, however, the 

GNSS unit seems to have moderate to good validity at 10Hz when measuring maximal 

sprinting velocity with a typical error of estimate of 1.87-1.95% (Roe et al., 2017, p. 838). 

However, the previous version of MinimaxX has been tested showing good validity for 

TD and HSR, CV: 1,9% and 4,7%, respectively (Rampinini et al., 2015, p. 51). For high-

intensity efforts >2,5m*s-2  and PL, the IMU show reliable data with CV of  3.1% and 

0.9-1.7%, respectively (Luteberget et al., 2018, p. 469). 
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From the wearable GNSS, several external measures will be collected to get a better 

understanding of the work performed during sessions for each player. Which parameters 

and what thresholds to use are disputed within youth football (Vieira et al., 2019, p. 302). 

Therefore, HSR is set to 13–18 km/h, sprinting had two thresholds; one set to 18-

25.2km/h and another above 25.2 km/h, however, no subjects included in the statical 

analyses reached the highest threshold. Acceleration and deceleration were set to 2 m/s2 

giving the numbers of high-intensity efforts (HIE). Additional to these measures with 

clear thresholds, total distance, duration, and PL will be collected. 

As this study include a variety of players both related to sexes, age, and level, relative 

thresholds will also be used. Velocities at 70% of maximal velocity or above have 

previously been used to categorize sprinting (Gabbett, 2015, p. 3357). For this study, this 

threshold was divided into three measures; 70-80% (low relative sprinting, LRS), 80-90% 

(medium relative sprinting, MRS), and 90-100% (high relative sprinting, HRS) to get a 

better understanding of what level of sprinting they reached.  For this study, the maximal 

velocity was determined from the fastest 10-m split from the 30-m sprint test. 

3.6 Statistical Analyses 

All statistical analyzes were performed in GraphPad Prism (9.5.1.(528)). All the results 

are presented as average  standard deviation as all the data were normally distributed. 

The normal distributions were analyzed from a visual perspective from histograms. 

Training load measures are presented as average training load per period for one player 

for both sexes. The statistically significant level for all the results was set to p<0.05. For 

test results, paired t-tests were performed to investigate differences from pre- to post-tests 

within the same sex, however, unpaired t-tests were performed to investigate the 

differences between the sexes. For percentage change from pre- to post-tests, unpaired t-

tests were performed to investigate the differences in development between sexes. 

Similarly, unpaired t-tests were performed for training load to investigate differences 

between sexes. Lastly, training load measures and percentage change for each subject 

were correlated to investigate the relationship between development in physical fitness 

related to training load. For this study, correlation values ranging from 0.50 to 0.70 were 

considered moderate, whereas values >0.70 were considered strong. 
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4. Results 

4.1 Physical Fitness and Anthropometrics 

Anthropometrical measures did not differ between sexes, however, both sexes increased 

in both height and weight from pre- to post-testing (Table 4.1). In total, girls improved 

performance in four physical tests from pre- to post-testing, whereas boys improved in 

all nine tests. For 10-m, 30-m, and CoD there were differences between sexes at both pre- 

and post-testing, additionally, they both improved from pre- to post-testing (Table 4.1). 

Regarding CMJ, relative force, and relative power boys performed better during pre- and 

post-testing, boys also improved from pre- to post testing whereas girls did not improve 

(Table 4.1). For YYIR-1, boys and girls performed similarly during pre-testing, however, 

boys improved from pre- to post testing, which resulted in differences between sexes 

during post-testing (Table 4.1). Total force follows the patterns of anthropometrics, where 

both groups improved from pre- to post-testing despite no differences between sexes 

(Table 4.1). 
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Table 4.1: Results for pre- (2021) and post-testing (2022) for anthropometrical and physical fitness characteristics. 

Values are shown as average  standard deviation. 

 Pre (2021) Post (2022) 

Height (cm)   

Boys (n=13) 162.8  11.2 167.5  10.0$ 

Girls (n=12) 165.4  5.8 167.3  5.9$ 

Weight (kg)   

Boys (n=14) 50.7  12.8 56.7  13.0$ 

Girls (n=12) 57.5  5.2 59.7  5.6$ 

10 m (s)   

Boys (n=14) 1.95  0.10* 1.88  0.10*$ 

Girls (n=11) 2.08  0.07 1.99  0.06$ 

30 m (s)   

Boys (n=14) 4.67  0.26* 4.50  0.28*$ 

Girls (n=11) 5.00  0.22 4.86  0.17$ 

CoD (s)   

Boys (n=14) 10.10  0.57* 9.77  0.44*$ 

Girls (n=10) 11.01  0.39 10.71  0.29$ 

CMJ (cm)   

Boys (n=14) 32.8  4.5* 35.7  5.1*$ 

Girls (n=12) 28.0  3.3 28.2  4.8 

Total Force (N)   

Boys (n=10) 2 093  651 2 689  698$ 

Girls (n=9) 1 909  342 2 164  456$ 

Total Power (W)   

Boys (n=13) 831  288 1 120  373*$ 

Girls (n=11) 723  146 812  202 

Relative Force (N/kg)   

Boys (n=10) 38.8  5.0* 45.1  3.4*$ 

Girls (n=9) 33.0  4.5 36.1  6.1 

Relative Power (W/kg)   

Boys (n=13) 16.3  2.6* 19.7  2.5*$ 

Girls (n=11) 12.5  2.2 13.6  3.3 

YYIR – 1 (m)   

Boys (n=9) 836  621 1 258  251*$ 

Girls (n=3) 600  250 440  40 

* = Significant difference from girls (p<0.05), $ = significant difference from pre- to post-testing (p<0.05). CMJ – 

countermovement jump; CoD – change of direction; N – newton; YYIR – YoYo intermittent recovery test; W – watt. 
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4.2 Development in Physical Fitness and Anthropometrics 

Boys had greater percentage development in both height (2.9% vs. 1.2%) and weight 

(12.3% vs. 4.2%) compared to girls (Figures 4.2a & b). Similarly, boys also had greater 

development in total force (31.4% vs. 14.0%), total power (36.6% vs. 13.5%), and YYIR-

1 (79.1% vs. -17.7%) compared to girls (Figures 4.2g, h & k). 
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Figures 4.1a-k: Percentage change in; height (a), weight (b), 10 m (c), 30 m (d), CoD (e), CMJ (f), total force (g), total 

power (h), relative force (i), relative power (h), YYIR-1 (k) for both sexes. Values are shown as percentage change 

from pre-testing. **Significant difference (p<0.05) from girls. CMJ – countermovement jump; CoD – change of 

direction; N – newton; YoYo intermittent recovery test; W – watt. 
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4.3 Training Load 

Boys had significantly higher load of sprinting distance (102%), sprinting efforts (89%), 

and HIE (101%) compared to girls for the two-weeks training period (Table 4.2). In 

contrast, the remaining training load measures were similar between sexes (Table 4.2).  
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Table 4.2: Average training load per period (2 weeks) for one player. Values are shown as average  standard deviation. 

 Average training loads per period 

Boys 

Girls 

n = 16 

n = 12 

Duration (min) 

Boys 

Girls 

 

400  120 

394  100 

Total Distance (m) 

Boys 
Girls 

 

26 160  9 965 

23 957  8 501 

Total PlayerLoad (au) 

Boys 

Girls 

 

3 247  1 438 

2 358  840 

High-Speed Running Distance (m) 

Boys 

Girls 

 

2 674  1 471 

2 339  1 274 

Sprinting Distance (m) 

Boys 
Girls 

 

947  620* 

468  266 

Low Relative Sprinting Distance (m) 

Boys 

Girls 

 

427  285 

411  294 

Medium Relative Sprinting Distance (m) 

Boys 

Girls 

 

167  112 

159  120 

High Relative Sprinting Distance (m) 

Boys 

Girls 

 

50  40 

48  70 

High-Intensity Efforts (n) 

Boys 

Girls 

 

543  252* 

270  113 

Efforts of High-Speed Running (n) 

Boys 
Girls 

 

280  143 

235  111 

Efforts of Sprinting (n) 

Boys 

Girls 

 

68  42* 

36  19 

Low Relative Sprinting Efforts (n) 

Boys 

Girls 

 

58  40 

61  45 

Medium Relative Sprinting Efforts (n) 

Boys 

Girls 

 

16  11 

16  14 

High Relative Sprinting Efforts (n) 

Boys 

Girls 

 

3.8  3.1 

3.8  6.3 

sRPE-TL (au) 

Boys 
Girls 

 

1 105  960 (n=14) 

1 525  752 

* Significant difference from girls (p<0.05). au – arbitrary unit; sRPE-TL – session rating of perceived exertion training 

load 
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4.4 Relationship Between Training Load and Change in 
Physical Fitness 

Several measures of training load and change in physical fitness tests correlated 

significantly (Table 4.3). In total, boys had eleven correlations, whereas girls had thirteen 

correlations being statistically significant (Table 4.3). Here, total power was the test that 

correlated significantly with the highest number of training load measures, six measures 

in total (Table 4.3).  Furthermore, sprinting distance, efforts of HSR, efforts of sprinting, 

and efforts of HRS were the measures of training load correlating significantly with the 

highest number of physical tests, three tests in total (Table 4.3). No strong correlation was 

found for boys; however, the highest correlation was found between efforts of HRS and 

relative force (r=0.66) (Table 4.3). In contrast, girls had six strong correlations, where the 

highest correlation was found between efforts of sprinting and relative force (r=0.79) 

(Table 4.3). 
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Table 4.3: Correlation between percentage change in physical fitness and average training load per period. 

 

 

Boys 

Girls 

10 m 

 

(n=14) 

(n=11) 

30 m 

 

(n=14) 

(n=11) 

CoD 

 

(n=14) 

(n=10) 

CMJ 

 

(n=14) 

(n=12) 

Total 

Force 

(n=10) 

(n=9) 

Total  

Power 

(n=13) 

(n=11) 

Relative 

Force 

(n=10) 

(n=9) 

Relative 

Power 

(n=13) 

(n=11) 

YYIR-1 

 

(n=9) 

(n=3) 

Duration (min) 

Boys 

Girls 

 

-0.62* 

0.50 

 

-0.35 

0.71* 

 

0.29 

0.68* 

 

0.14 

-0.02 

 

-0.14 

-0.11 

 

0.34 

0.28 

 

-0.06 

0.08 

 

0.46 

0.34 

 

-0.19 

--- 

Total Distance (m) 

Boys 

Girls 

 

0.01 

0.07 

 

-0.04 

-0.01 

 

-0.38 

-0.08 

 

-0.27 

0.22 

 

0.53 

0.64 

 

0.52 

0.40 

 

0.30 

0.66 

 

0.27 

0.34 

 

-0.07 

--- 

Total PL (au) 

Boys 

Girls 

 

0.08 

-0.12 

 

0.01 

-0.25 

 

-0.48 

-0.16 

 

-0.23 

0.09 

 

0.55 

0.67* 

 

0.48 

0.37 

 

0.39 

0.59 

 

0.28 

0.26 

 

-0.04 

--- 

HSR Distance (m) 

Boys 

Girls 

 
-0.02 

0.04 

 
-0.03 

-0.12 

 
-0.08 

-0.11 

 
-0.20 

0.25 

 
0.34 

0.76* 

 
0.50 

0.45 

 
0.10 

0.71* 

 
0.25 

0.34 

 
-0.07 

--- 

Sprinting Distance (m) 

Boys 
Girls 

 

0.07 
0.12 

 

0.01 
-0.06 

 

0.16 
-0.14 

 

-0.31 
0.03 

 

0.12 
0.59 

 

0.27 
0.63* 

 

-0.09 
0.77* 

 

0.08 
0.61* 

 

-0.18 
--- 

LRS Distance (m) 

Boys 

Girls 

 

0.07 

-0.18 

 

-0.02 

-0.46 

 

-0.38 

-0.40 

 

-0.04 

-0.02 

 

0.60 

0.46 

 

0.61* 

0.48 

 

0.50 

0.41 

 

0.44 

0.37 

 

-0.02 

--- 

MRS Distance (m) 

Boys 

Girls 

 

0.06 

-0.17 

 

-0.06 

-0.48 

 

-0.39 

-0.42 

 

-0.18 

-0.08 

 

0.53 

0.41 

 

0.48 

0.51 

 

0.41 

0.40 

 

0.31 

0.43 

 

0.05 

--- 

HRS Distance (m) 

Boys 

Girls 

 

0.09 

-0.22 

 

-0.11 

-0.50 

 

-0.58* 

-0.45 

 

-0.10 

-0.19 

 

0.58 

0.20 

 

0.49 

0.48 

 

0.53 

0.29 

 

0.36 

0.47 

 

0.23 

--- 

HIE (n) 

Boys 

Girls 

 
0.16 

-0.22 

 
0.03 

-0.42 

 
-0.59* 

-0.43 

 
-0.05 

0.14 

 
0.64* 

0.36 

 
0.39 

-0.04 

 
0.55 

0.21 

 
0.26 

-0.14 

 
0.13 

--- 

Efforts of HSR 

(13-18 km/h) (n) 

Boys 

Girls 

 

 
-0.06 

0.06 

 

 
-0.07 

0.10 

 

 
0.07 

-0.12 

 

 
-0.12 

0.27 

 

 
0.38 

0.73* 

 

 
0.56* 

0.46 

 

 
0.18 

0.69* 

 

 
0.34 

0.35 

 

 
0.06 

--- 

Efforts of  

Sprinting (n) 

Boys 

Girls 

 
 

0.02 

0.22 

 
 

-0.02 

0.02 

 
 

0.17 

-0.10 

 
 

-0.23 

0.09 

 
 

0.15 

0.59 

 
 

0.34 

0.66* 

 
 

-0.06 

0.79* 

 
 

0.13 

0.65* 

 
 

-0.16 

--- 

Efforts of LRS (n) 

Boys 

Girls 

 
0.06 

-0.22 

 
-0.03 

-0.50 

 
-0.41 

-0.42 

 
0.05 

-0.03 

 
0.62 

0.40 

 
0.65* 

0.43 

 
0.56 

0.33 

 
0.50 

0.32 

 
-0.02 

--- 

Efforts MRS (n) 

Boys 
Girls 

 

0.05 
-0.20 

 

-0.11 
-0.50 

 

-0.51 
-0.45 

 

-0.03 
-0.14 

 

0.60 
0.29 

 

0.60* 
0.51 

 

0.55 
0.34 

 

0.45 
0.46 

 

0.19 
--- 

Efforts of HRS (n) 

Boys 

Girls 

 

0.08 

-0.15 

 

-0.18 

-0.43 

 

-0.65* 

-0.39 

 

-0.02 

-0.17 

 

0.64* 

0.19 

 

0.55 

0.55 

 

0.66* 

0.32 

 

0.45 

0.55 

 

0.30 

--- 

sRPE-TL (au) 

Boys 

 

Girls 

 

-0.34 

(n=12) 

-0.32 

 

-0.08 

(n=12) 

-0.39 

 

0.26 

(n=12) 

-0.26 

 

0.04 

(n=12) 

-0.18 

 

0.07 

(n=9) 

0.33 

 

-0.25  

(n=11) 

0.13 

 

-0.16 

(n=9) 

0.35 

 

-0.35 

(n=11) 

0.13 

 

-0.64 

(n=8) 

--- 

au – arbitrary unit; HIE – High-Intensity Efforts; HSR – High-Speed Running; sRPE-TL – session rating of perceived exertion training 

load; LRS – low relative sprinting; MRS – medium relative sprinting; HRS – high relative sprinting; PL – PlayerLoad. 
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5. Discussion 

The purpose of this study was to investigate the relationship between training load 

measures and development of physical fitness for football players during adolescence. 

Here, the results from this study will be discussed and compared to other studies to get a 

better understanding of the topic. In addition, to the main research question, sub-research 

questions will be discussed to address other aspects related to the topic. 

Results showed that several training load measures correlated with the percentage change 

in physical fitness, which indicates a relationship between these measures (Table 4.3). 

Here, boys had eleven significant correlations, all moderately, whereas girls had thirteen 

significant correlations with six of them correlating strongly (Table 4.3). For physical 

fitness, boys performed significantly better compared to girls in six out of nine tests 

during pre-testing, here girls had similar results for YYIR-1, total force- and total power 

production (Table 4.1). At post-testing, boys performed significantly better in eight tests 

compared to girls (Table 4.1). Furthermore, boys tended to increase their percentage 

change in physical fitness more compared to girls, except for the 10-m sprint, however 

only three of the physical tests were of significant difference. (Figures 4.1 a-k). These 

results show that there is a difference in physical fitness and development between sexes 

during adolescence. Lastly, duration, TD, PL, and HSR distance were similar for both 

sexes, however, boys had higher; sprinting distance, sprinting efforts, and HIE, still, the 

relative measures were close to identical (Table 4.2). These results show differences in 

absolute training load measures, but similarities in relative training load measures 

between sexes during adolescence. 

5.1 Development in Physical Fitness and Anthropometrics 

For the anthropometrical measures, height and weight, there were no significant 

differences between sexes, neither at pre- or post-testing (Table 4.1). Additionally, both 

sexes increased anthropometrical measures over one year (Table 4.1). Despite not being 

significantly different, girls tended to be taller and heavier compared to boys during pre-

testing. This agrees with previous studies saying that girls reach their PHV and peak gain 

in mass earlier than boys (Corso, 2018, p. 152; Malina & Koziel, 2014a, p. 426; 2014b, 

p. 1378; Mirwald et al., 2002, p. 690). As boys had a significantly greater percentage 

change in anthropometrics, height and weight, the differences between sexes were smaller 
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during post-testing (Figures 4.1a & b; Table 4.1). This is also in agreement with previous 

studies, as boys reach their PHV and peak gain in mass later compared to girls (Corso, 

2018, p. 152; Malina & Koziel, 2014a, p. 426; 2014b, p. 1378; Mirwald et al., 2002, p. 

690). The relative changes in this study were somewhat greater for both weight and height 

compared to the study of Williams et al. (2011, p. 269), when comparing changes 

occurring from mid-U15 to mid-U16, which would be the most comparable groups for 

this age group. However, as this study has collected and calculated an average of change 

for several subjects in different ages this might affect the results. Whereas William et al. 

(2011, p. 270) used a cross-sectional design, where the measurements were made for 

different subjects within the same age group. 

For sprinting, 10-m and 30-m, and CoD boys performed better during both pre- and post-

testing compared to girls (Figure 4.1). For 10-m and 30-m sprinting, these results were 

slightly worse compared to Gundersen et al. (2020, p. 259) and William et al. (2011, p. 

267) who tested male football players of the same age. Then again, these results might be 

affected by a different start set-up as they started 60 cm and 100 cm behind the photocells, 

compared to 50 cm in this project. Starting further away from the starting photocells has 

been proven to give better results for sprint tests (Haugen et al., 2015, p. 1056). However, 

the results were closer to the players from the study of le Gall et al. (2010, p. 92), and 

slightly better than the study of Malina et al. (2004, p. 558) making these subjects seem 

similar with other studies. Furthermore, both girls and boys improved from pre- to post-

testing, whereas the relative changes in sprinting for boys were similar to the changes in 

the study of Williams et al. (2011, p. 271) and Hammami et al. (2013, p. 592) for athletes 

of the same age group. However, when comparing these results to the control group of 

Hammami et al. (2013, p. 592), the percentage of change for 10-m sprinting was better 

for this study. Furthermore, this might indicate that there is an additional benefit with a 

higher training load for improving physical fitness during adolescence. 

Boys performed better in CMJ, relative force, and relative power at both pre- and post-

testing compared to girls (Table 4.1). Here, in contrast to 10-m, boys jumped higher 

compared to the study of Gundersen et al. (2020, p. 259) and Malina et al. (2004, p. 558). 

Other studies have shown jump performances much greater compared to this study (le 

Gall, 2010, p. 92; Williams et al., 2011, p. 267). However, these studies used jump mats, 

rather than a force platform, making the comparison hard as jump height is measured 
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differently (Nielsen et al., 2019, p. 9). The percentage development in CMJ for boys was 

similar to the study of Hammami et al. (2013, p. 592). Furthermore, only boys improved 

significantly from pre- to post-testing, for these three tests (Figure 4.1). However, as these 

tests reflect the relative force and relative power production in the lower limbs, they were 

expected to have similarities in change (Paul & Nassis, 2015, p. 1755; Raastad, 2010, p. 

225). When comparing the total force- and total power production to the relative force- 

and relative power production, boys will benefit in the relative measures, as they gain 

more FFM during adolescence compared to girls who gain more FM (Corso, 2018, p. 

152). Fewer studies have analyzed the change in relative force- and relative power 

production, however, we could assume that the changes here would follow the same 

patterns as CMJ because it tests similar abilities. As the greatest change in jumping 

performance occurred from U15 to U16 in the study performed by Williams et al. (2011, 

p. 273), they speculate if these changes might be linked to the peak gain in mass for boys, 

which also could explain the changes seen for boys in this study.  

Total force production was similar between sexes, both at pre- and post-testing (Table 

4.1). Also, they both improved from pre- to post-testing (Table 4.1). Total force- and total 

power production were higher in this study compared to Gundersen et al. (2020, p. 259). 

The earlier maturation for girls might offer an explaination for the similarities between 

sexes in total force- and total power production during pre-testing (Malina & Koziel, 

2014a, p. 426; 2014b, p. 1378) (Table 4.1). The earlier maturation will benefit girls as 

they have an earlier increase in mass (Corso, 2018, p. 152). Despite the greatest share of 

mass being FM, there is also an increase in FFM to produce force and power for girls 

(Corso, 2018, p. 152). As boys typically have a greater increase in FFM following PHV 

compared to girls, boys are expected to improve more for total force- and total power 

production compared to girls (Corso, 2018, p. 152). Boys gained 6 kg of body mass 

compared to girls who gained close to 2 kg (table 4.1), this gives boys an advantage in 

improving total force- and total power production. In agreement with the literature, boys 

had a significantly greater percentage change in total force- and total power production 

compared to the girls (Figures 4.1 g-h). The greater percentage change in total power 

resulted in differences between sexes for total power production (Table 4.1). As a result 

of the greater percentage change in weight for boys, the percentage change in relative 

force- and relative power production were similar between the sexes (Figure 4.1 i-j). 
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Furthermore, abilities discussed as important to perform well in CoD are coordination 

and leg strength (Sheppard & Young, 2006, p. 923). Considering the greater percentage 

change in total force- and total power production among boys compared to girls, it would 

be assumed that these changes would reflect the changes in CoD as well. However, 

Sheppard & Young (2006, p. 923) only found weak to moderate correlations between leg 

strength and CoD. As boys still had similar percentage change in CoD (Figure 4.1 e) these 

findings support Sheppard & Young (2006, p. 923) that the increase in CoD performance 

might come from other aspects than strength, highlighting the coordination aspect and the 

benefit of working specifically to increase this skill. 

Lastly, running distance during YYIR-1 was similar during pre-testing (Table 4.1).  

However, boys increased their distance significantly, whereas girls decreased their 

distance, not significantly, from pre- to post-testing (Table 4.1). Additionally, as boys had 

a significanlty greater percentage change in performance compared to girls (Figure 4.1k), 

this led to a difference between sexes at post-testing (Table 4.1). Here, the sample size 

was small for girls, which might affect the results. At pre-testing, boys ran shorter 

compared to other studies (Grendstad et al., 2020, p. 259; Malina et al., 2004, p. 558). 

Whereas this study and Grenstad et al. (2020, p. 258) performed the running test inside a 

sports hall, Malina et al. (2004, p. 556) performed their YYIR-1 outside on a football 

field, which might be favorable when measuring football players. Another factor that 

might help explain the big difference compared to the results of Malina et al. (2004, p. 

558) is the level of players, as he recruited players from the top level in Portugal at this 

age. Boys were expected to improve more than girls during adolescence as a result of 

maturation (Boyadjiev & Taralov, 2000, p. 201). Conversly, the decreased performance 

among girls could potentially be a result of the increased body mass (Table 4.1), without 

a further improvement in running performance, which could be observed for girls around 

this age (Greier et al., 2019, p. 264). The relative change in performance was not as good 

for the boys compared to another study with age-matched football players, though it must 

be stated that these players were elite players in their age with much higher training 

volume (Hammami et al., 2013, p. 594). However, when comparing the percentage 

change to the control group of Hammami et al. (2013, p. 594), the change in YYIR-1 was 

much higher for the boys in this project. This might indicate that a higher training load 

leads to better improvements in physical fitness during adolescence. 
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To summarize, boys tend to perform better for the relative tests, tests where you either 

need to carry your body weight or make the results relative to body weight. This might 

be explained by the differences in increase of mass, typically boys increase their FFM, 

whereas girls typically increase their FM as a result of maturation (Corso, 2018, p. 152). 

As boys increased performance significantly for eight out of nine tests, whereas girls only 

improved significantly in four out of nine tests from pre- to post-testing, this shows that 

boys have a greater physical fitness development during adolescence. Additionally, boys 

tended to have a greater percentage change in performance for the tests, except for the 

10-m sprint, despite only total force, total power and YYIR-1 showed statistically 

improvements for percentage change (Figures 4.1c-k)  

5.2 Differences in Training Load 

As there was no difference in duration between sexes (table 4.2), the measures are 

therefore not affected by a longer compared to a shorter duration, but rather the work 

performed during training. Training loads were similar between both sexes for most of 

the measures (table 4.2). However, boys covered longer distances sprinting 

simultaneously as having more efforts of sprinting and HIE (table 4.2). This is in 

agreement with other literature where the main differences between sexes are in the higher 

velocities (McFadden et al., 2020, p. 973). As the HIE also has a set threshold, this might 

be harder for girls to overcome compared to boys, as boys have a higher relative strength 

(table 4.1). Relative strength might affect HIE as players must control and 

accelerate/decelerate their body weight. Boys had a higher maximal speed compared to 

girls, thus, it will take less effort for boys to reach the threshold for sprinting compared 

to girls. However, when comparing relative sprinting distances and relative sprinting 

efforts, measures are similar (table 4.2). This supports the arguments for using relative 

thresholds when comparing training load between individuals and sexes (Gabbett, 2015, 

p. 3356). 

In comparison with sub-elite male U15 football players the training load seemed to be 

slightly lower in this project (Teixeira et al., 2021, p. 5). Conversely, the distance covered 

in HSR seems to be higher in this study, however as Teixeria et al. (2021, p. 4) had a 

slightly higher threshold for HSR, which then will affect the distance covered in this 

measure making them difficult to compare. Additionally, Teixeria et al. (2021, p. 4) 

excluded training load from matches, which would further increase their weekly training 
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volume if this would have been included, resulting in an even greater difference. The 

internal training load was also higher for Teixeira et al. (2021, p. 5), however, as our study 

did not have any inclusion criteria for sRPE this measure has few responses resulting in 

a relatively low value. If the response rate would have been higher, this would increase 

the value of the sRPE-TL. 

5.3 Relationship between Training Load and Physical Fitness 

Boys correlated moderately negatively for duration with 10-m sprint, whereas girls 

correlated strongly positively for duration with 30-m sprint and moderately positively 

with CoD (table 4.3). As a higher training load is associated with better performance for 

physical fitness tests in boys (Rice et al., 2022, p. 16), it would be assumed that a longer 

duration would correlate with a better improvement, negatively in this case, compared to 

a shorter duration. Therefore, the correlation found for boys was expected, on the other 

hand, the correlation for girls indicates that longer duration, a higher training volume, 

leads to less improved performance for 30 m sprint and CoD. These results might indicate 

a difference in training content. To increase in performance for these tests of high 

intensity, it would also be assumed that training should be of higher intensity to stimulate 

these changes. Previously, duration has been correlated to be possibly trivial and possibly 

small for changes in 5-m and 15-m sprint performance for junior players (Gil-Rey et al., 

2015, p. 2130). As this study shows both positive and negative correlations for duration 

and sprinting performance, this might indicate that duration might not make a big 

difference, here the content during training might be of more interest. Still, no other 

measure of training load correlated significantly with duration for this study (Table 4.3). 

Additionally, change in CoD correlated negatively moderately with distance covered in 

HRS, efforts of HRS, and HIE, all correlations for boys (Table 4.3). In contrast to 

previously discussed correlations where girls and boys correlated with opposite values, 

girls have similar correlations despite not being statistically significant. Wrigley et al. 

(2014, p. 1092) found a better improvement in agility for the academy players, who had 

a higher training load, compared to the non-academy players. However, they do not state 

what training load measure that makes the difference. Here, the external measures 

correlating with CoD, are measures at their maximal velocities and HIE for boys. Despite 

not reaching near their maximal velocities during the CoD test, measures of HRS seem 

to be of importance, maybe as a result of similarities in rapid and powerful movements. 

Especially the HIE might be similar to the abilities tested during the CoD which again 
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supports the principle of training specific as mentioned by Lesinski et al. (2020, p. 1925) 

and Thieschafer & Busch (2022, p. 18). 

For girls, total power and relative power correlated moderately positively with the 

sprinting distance and sprinting efforts, which reflects the similarities in creating high 

power in rapid muscle contractions (Table 4.3) (Raastad et al., 2010, p. 13). For boys, 

total power correlated moderately positively with; distance covered in LRS, efforts of 

HSR, efforts of LRS, and efforts of MRS, which is more surprising compared to 

correlations for girls (Table 4.3). Here, maturation might be a confounding factor as 

power is highly related to muscle strength and muscle mass (Wrigley et al., 2014, p. 

1092). As the average age of boys were 14.4 years at pre-testing (table 3.1), they are 

reaching their peak gain of mass by post-testing which will affect the ability to produce 

both force and power positively (Corso, 2018, p. 152). However, the external measures 

correlating with total power are of moderately high velocities, not the maximal velocities. 

The moderately high velocities will require similar abilities to produce power during rapid 

contraction, although it was be expected to be stronger correlations for the highest 

velocities also for boys, not only for girls. 

Total force correlated moderately positively with PL and strongly positively with both 

HSR distance and efforts of HSR for girls, whereas total force had moderate correlations 

with HIE and efforts of HRS for boys (Table 4.3). During the HIE players must control 

and produce high forces when performing movements which could explain the correlation 

with the increase in force. However, the efforts of HRS would be expected to be more 

related to power rather than force, as force is more dependent on movements with slower 

muscle contractions, rather than fast muscle contractions seen with sprinting. Then again, 

players also produce high forces during sprinting, agreeing with the correlation between 

increase in force and HSR for boys. Furthermore, leg strength has previously been shown 

to correlate with sprinting performance which might support the correlation between  

efforts of HRS and total force (Lockie et al., 2015, p. 71). Correlation is not the same as 

causality, therefore, the results do not detect either if the external training load leads to a 

change in physical fitness or if the change in physical fitness leads to an increase in 

external training load, it could be speculated that with the increase in total force, it would 

be easier for boys to perform more HIE or more sprints. As PL is a measure of the 

accelerations in all three planes (Luteberget et al., 2018, p. 468), the correlation between 



47 

PL and change in force for girls will be supported with similar arguments as HIE, despite 

not having the same threshold for accelerations. Relative force has similarities in 

correlations with total force and total power which also will result in similarities in 

arguments to support these correlations. 

Total force, total power, and relative force were the tests that correlated significantly with 

the most external measures (Table 4.3). Here, total force and relative force often 

correlated with the same external measures, however, there were no tests that correlated 

statistically for both girls and boys which might indicate differences between sexes. With 

that said, they often had similar patterns which on the other hand might indicate 

similarities between the sexes. These differences might be a result of either a small sample 

size, or they might respond differently. However, it should be noted that these measures 

provide limited representations of a larger construct, as improvements in performance on 

these tests may also be influenced by factors beyond the scope of the measured training 

load.  

Neither CMJ or YYIR-1 had any statistically significant correlations with the given 

training load measures (figure 4.3). Wrigley et al. (2014, p. 1092) found greater 

improvement in both CMJ and YYIR-2 when comparing academy players to non-

academy players, however, they do not know what measures that led to the change in 

jumping performance. Development in YYIR-1 and CMJ might therefore not come from 

one specific measure or might be more as a result of maturation rather than training load. 

Lastly, duration, TD, and PL often correlate with each other (McLaren et al., 2018, p. 

651), therefore the measures correlating with duration should also correlate with TD and 

PL, however, this is not the case in this study. Here, TD and PL correlate strongly 

positively with each other for this study (not shown), which is also the reason for these 

measures to often have similar correlations with other tests (Figure 4.3). 

5.4 Limitations 

One limitation of this study could be the inclusion criteria for what percentage of training 

participation athletes needed to fulfill to be included. When excluding subjects with a 

lower percentage of participation, this will reduce the number of participations. However, 

there are different reasons to not participate in a training session. One of them is playing  
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for an older age group. Here, players would be registered with a “fake” low training load 

which would affect the results. On the other hand, some players might regularly take part 

in fewer sessions. Then, data collection would have their realistic training load and would 

result in a higher number of participants. As this study did not control every single subject, 

criteria for participation were made to reduce the chance of unreliable data. 

Furthermore, the three periods for data collection are meant to represent their yearly 

training load. However, one or several of the chosen periods might not be representative 

of their yearly training load, either giving higher or lower training loads than their usual 

training sessions. Then again, the periods are spread all over the year with intention to 

cover the different parts of a season. 

Another limitation of this study is that there were no inclusion criteria for reporting their 

sRPE during their selected periods. Preferably, there would also be criteria for self-

reported training load as this would give even more data, and reliable data, for their 

internal training load during football sessions along with sessions outside football. 

However, as so few reported their sRPE during their periods, an inclusion criterion would 

reduce the number of participants. Therefore, the data reported for the internal training 

load are much lower than expected and should be interpreted with caution. This might 

also indicate difficulty to collect reliable sRPE measures during adolescence. 

For testing, one limitation is the lack of familiarization for the athletes. As some of the 

tests might be new for athletes, this might affect the results leading to a better 

improvement than expected (Vrbik et al., 2017, p. 281). Athletes might handle the tests 

better, and therefore perform better during post-testing, despite not having improved that 

much physically. Another limitation of the testing is the lack of a standardized order for 

all the physical tests. Results will be affected if an athlete experience fatigue in one test 

before completing another test when they performed these tests in another order during 

post-testing. It is not important that every single athlete perform tests in the same order, 

however, it would be preferred that athletes performed their tests in the same order for 

pre- and post-testing. However, this would make testing more time-consuming, which 

also could lead to less motivated athletes. As YYIR-1 testing was performed in different 

locations during pre- and post-testing for some athletes, this might affect the results to be 

either unrealistically high or reduced compared to their realistic improvement. The 
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surface and surroundings of the locations might differ, making it either easier or harder 

to reach the similar distances. 

Lastly, the small sample size will be a limitation of this study, especially for the results 

correlating percentage change in physical fitness with training load measures. As the 

subjects are in a period with rapid changes in physical fitness, the results will be affected 

by maturity. Here, the correlations are of a higher risk of showing random variation due 

to the small sample size. 

It must be stated that this project has performed a correlation analysis, this does not state 

causality. Therefore, future studies should further investigate the relationship between 

training load measures and development in physical fitness. Here, the studies should be 

for a prolonged period with a larger sample size, where they also would be able to collect 

data when playing for the elderly or other teams. As a result of being able to monitor a 

more realistic training load, this would increase the sample size and include more athletes 

with less participation, as fewer would be excluded for not taking part in their regular 

team sessions. It would also be of interest to investigate how two similar groups would 

respond to different types of training, here training sessions could have been manipulated 

to give different stimuli of training load. Lastly, it would also be interesting to investigate 

how these changes in physical fitness, or differences in training load, would affect 

“performance” in football matches. 
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6. Practical Application 

This study will give relevant information to coaches and people working with youth 

football players. Firstly, test results and changes in physical fitness over one year can be 

used to get a better understanding of expected results and development during 

adolescence. Secondly, the study has measured training load measures for both sexes for 

several weeks throughout a season. These measures can be used in comparison to their 

training load, further, this can lead to modifications of their training sessions. Thirdly, the 

correlations between training load measures and changes in physical fitness will give a 

better understanding of the relationship between training load measures and development 

in physical fitness. This relationship will help coaches to better understand what type of 

training would lead to what type of development in physical fitness characteristics. Here, 

training sessions or training exercises could be modified to better reach wanted 

development in physical fitness characteristics – which further might affect match 

performance. When interpreting findings from this study, a higher training load would 

lead to greater development, however, this must be implicated with caution due to the 

increased risk of injuries associated with a higher training load (Gabbett, 2016, p. 2). 

Lastly, as this study has a low response rate for sRPE this must be used with caution for 

athletes during adolescence. If implicating reporting of sRPE, this should be monitored 

by the coaches and completed after sessions to ensure better reliability for the internal 

training load. 
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7. Conclusion 

The purpose of this study was to further investigate the relationship between training load 

measures and development in physical fitness for football players during adolescence. 

Additionally, the study indeed to get a better understanding of changes in physical fitness 

over one year, along with training load measures spread throughout a year. 

Firstly, several training load measures correlated with the change in physical fitness 

characteristics for both sexes, indicating a relationship between training load and 

development in physical fitness. With the results from this study, it seems like a higher 

training load leads to a greater development in physical fitness. However, there are 

exceptions, girls seem to have a positively correlation for sprinting and CoD with 

duration, in contrast to boys where the correction for duration and sprinting was 

negatively. Here, training contact might explain the differences. Overall, the force and 

power tests were to be the tests with the most correlations with the training load measures, 

supporting the idea that a higher training load leads to greater development. 

Secondly, boys performed significantly better compared to girls in six out of nine tests 

during pre-testing. Furthermore, as boys had significantly greater percentage change in 

performance in three physical tests, they increased to performing significantly better in 

eight out of nine tests during post-testing. Still, girls increased performance from pre- to 

post-testing in four physical tests, whereas boys increased performance for all nine tests. 

In total, these results shows that boys develop more compared to girls during adolescence. 

Thirdly, most of the training load measures were similar for boys and girls. The measures 

with significant differences were sprinting distance, sprinting efforts, and HIE, which 

might indicate that the main differences for training load appear at the highest velocities 

and during efforts of high intensity. As these are measured with absolute thresholds, this 

is beneficial for boys as they have a greater maximal velocity and perform better during 

physical testing. However, when comparing the relative measures, the distances covered, 

and efforts made are close to identical. Relative measures might therefore be a fairer 

comparison, especially when comparing sexes or athletes during adolescence as there are 

large differences in physical fitness. 
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