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There may be an optimal period of time to maximize the improvement of 
physical fitness during adolescence. The aim of this study was to exam-
ine the magnitude of changes in physical fitness after 8 weeks of pre-
season training according to chronological ages after the age at peak 
high velocity. Thirty male young football players from an elite football 
team (U-16, n= 10; U-17, n= 10; U-18, n= 10) participated in the study. 
The players completed an 8-week general preseason football training 
and participated in the pre- and posttests to measure physical fitness. 
The 8-week preseason training improved the power of all young players 
(P< 0.05). The 20-m sprint performance was improved by training in 
U-16 and U-18 (P< 0.05), but no changes were found in the U-17 group 
(P> 0.05). Significant differences were found in the arrowhead left in 

U-16 and U-18 (P< 0.05) after training; however, no difference was ob-
served in U-17 (P> 0.05). Coordination was enhanced further in U-16 and 
U-17 (P< 0.05) compared with that in U-18 (P> 0.05). The performance of 
repeated sprints and Yo-Yo intermittent recovery test level 1 (Yo-Yo IR1) 
were similar between pre- and posttraining in all age groups (P> 0.05). 
Collectively, the results emphasized the importance of systematic and 
scientific training methods to improve the fitness levels of young football 
players in the preseason training period. Moreover, training to improve 
coordination in young football players is effective at younger ages.
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INTRODUCTION

A high fitness level is demanded among football players to per-
form a 90-min football game successfully. Many training methods 
have been developed to increase physical fitness among football 
players. However, these training methods vary according to the 
aim of training, that is, to develop physical fitness components 
such as power, endurance, and speed endurance. Based on the pe-
riodization theory, training phases for football players for a year 
are divided into four periods: preseason, early competition, late 
competition, and transition phases (Mara et al., 2015). Preseason 
training mainly aims to develop fitness without injury in prepara-
tion for the impending early and late competition seasons. In fact, 
training loads for elite football players during preseason are higher 
than those during in-season (Jeong et al., 2011).

The level of physical fitness is closely associated with biological 

maturation of elite football players during adolescence. The peak 
height velocity is a well-known important criterion to assess the 
magnitude of physical fitness development and decline in motor 
coordination performance. The age and magnitude of peak height 
velocity vary with activity level during adolescence. Bell (1993) 
estimated that the peak height velocity and age at peak height ve-
locity were 8.5±1.2 cm (14.1±0.8 years) and 9.5±1.5 cm (14.2±  
0.9 years) per year in sedentary and active boys, respectively. The 
estimated average age at peak height velocity for young football 
players was 13.8±0.8 years (9.7±1.5 cm per year) (Philippaerts 
et al., 2006). The aerobic and anaerobic performances of football 
players showed peak development at peak height velocity, and the 
performances continued to improve after peak height velocity 
(Philippaerts et al., 2006).

Several studies have examined the differences in the levels of 
physical fitness according to age after peak height velocity during 
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adolescence (Buchheit et al., 2013) and the influence of football 
training on physical fitness after the chronological age at peak height 
velocity during adolescence (Impellizzeri et al., 2006; McMillan 
et al., 2005). The findings from such studies indicate that physical 
fitness level varies among chronological ages after peak height ve-
locity and that fitness was improved after several weeks of training 
at similar age groups. A relevant question is whether the magni-
tude of improvements in physical fitness after prolonged period of 
football-specific training differs among young football players. How-
ever, limited work has been undertaken to determine the differ-
ences in physiological adaptations after several weeks of training 
according to ages after the peak high velocity.

Young football players in a team perform the fitness training in 
a similar way regardless of their characteristics, including age and 
anthropometric and genetic factors, because of the lack of expertise 
and scientific information. However, to maximize training adap-
tations for young football players after the age at peak high veloci-
ty during adolescence, organized training in consideration of the 
trainability of physical performance according to ages is necessary. 
For example, the more trainable period for anaerobic capacity during 
high-intensity exercise is in the late adolescence than in preadoles-
cence (Philippaerts et al., 2006). To determine the precise trainable 
period according to different physical fitness components during 
adolescence after the age at peak high velocity, the study providing 
details regarding the effect of football-specific training for several 
weeks in different ages on physical adaptations during the late ad-
olescence is needed. Therefore, this study aimed to examine the 
magnitude of changes in physical fitness after 8 weeks of presea-
son training according to chronological ages after the age at peak 
high velocity.

MATERIALS AND METHODS

Participants
Thirty male young football players from an elite football team 

(U-16, n=10; U-17, n=10; U-18, n=10) participated in the study. 

The subjects who completed and regularly participated in all train-
ing sessions are included in the study. Goalkeepers were excluded 
from this study. The subjects’ height, body mass, and body mass 
index are shown in Table 1. Before testing, all participants gave 
written informed consent to participate after details and procedures 
of the study had been fully explained. The study was conducted 
according to the Declaration of Helsinki and all of the experimen-
tal protocols and related procedures were approved by the ethical 
committee of Kangwon National University (KWNUIRB-2019- 
04-008-003). All subjects were provided daily food developed by 
a nutritionist to ensure adequate fluid and nutrient intake during 
the study.

Experimental design
To determine whether the preseason training for 8 weeks has 

different effects on physical fitness components according to ages, 
young elite football players participated in the pre- and posttests 
to measure their performances. The players completed the tests on 
an artificial field-turf pitch. The tests were conducted for 2 days: 
in day 1, 30-m sprint test, arrowhead agility test, coordination 
test, and Yo-Yo intermittent recovery level 1 (Yo-Yo IR1) test were 
conducted; and in day 2, repeated sprint test was carried out. A 
30-m sprint test, arrowhead agility test, and coordination test were 
performed in the morning. The Yo-Yo IR1 test was conducted in 
the evening with 5 hr of recovery after lunch. After an approxi-
mately 20-min warm-up period consisting of jogging and static 
and dynamic stretching, the players performed the tests. For full 
recovery, 10-min rests were given between tests. During resting 
time, the players were allowed to drink water.

Pretest was conducted after 2 weeks of preseason training; there-
after, the players performed 8 weeks of preseason training. During 
the preseason training period, the players had 9–11 football train-
ing sessions per week. The training sessions were conducted in the 
morning (~60 min) and evening (~120 min). The morning ses-
sions were basically organized to develop physical fitness. The con-
ditioning priority of physical fitness training according to training 

Table 1. Characteristics of the youth players

Characteristic
U-16 (16.2± 0.2 yr) U-17 (17.3± 0.1 yr) U-18 (18.5± 0.2 yr)

Pre Post Pre Post Pre Post

Height (cm) 172.0± 7.5 172.7± 6.7 176.7± 6.9 176.9± 6.8 178.4± 8.2 178.8± 8.0
Body mass (kg) 63.8± 8.7 64.0± 8.4 67.2± 5.1 67.3± 4.9 65.0± 9.6 65.3± 9.3
BMI (kg/m2) 21.5± 1.5 21.4± 1.5 21.5± 1.3 21.5± 1.3 20.5± 2.7 20.5± 2.7

BMI, body mass index.
The data are presented as the mean± standard deviation.
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weeks was endurance capacity for the first 3 weeks (1st to 2nd week 
for aerobic development sessions; 3rd week for aerobic maintenance 
sessions), running speed variation sessions for 1 week (4th week), 
speed endurance for 3 weeks (5th week for speed endurance main-
tenance sessions; 6th to 7th week for speed endurance production 
sessions), and speed for the last 1 week (8th week). The evening 
sessions generally consisted of technical and tactical training and 
simulated competition (~4 hr after the morning session). After the 
8-week preseason training period, the players participated in the 
posttest for 2 days. The tests were performed approximately at the 
same time of the day and order, with operators unaware of the play-
ers’ allocation to the different ages. The values were compared with 
those of the pretest to determine the differences in training effects 
according to ages.

30-m sprint test
The sprint tests which consisted of 2 maximal sprints of 30 m 

with 2-min rest between each sprint were conducted. The sprint 
times at 5, 10, 20, and 30 m were recorded using the photocell 
gates (Microgate, Bolzano, Itaia). The participants started to run 
50 cm before the photocell gate recordings. The fastest times at 
the distances were recorded for data analysis (Joo, 2016).

Arrowhead agility test
The arrowhead agility tests consisted of 4 sprints (2 right, 2 left), 

with 2-min rest between each sprint (Noon et al., 2015). Each 
subject started 50 cm behind the start line and sprinted 10 m for-
ward to a cone. From the cone, the subjects turned at a right angle 
to a cone being apart from 5m before turning to a cone 15 m straight 
from the start line. They turned again from the cone to accelerate 
in a straight line for 15 m over the initial start line to complete 
the run. The fastest times were recorded for data analysis. Timing 
gates were used to accurately assess the time to completion.

Vertical jump
The players completed vertical jump twice on a pad with sort 

of compatible height measurer attached (Nike SPARQ, Beaverton, 
OT, USA) (Burris et al., 2020). Each player strated standing with 
both feet on the pad and performed jump with full arm swing to 
initiate the jump. The highest score was recorded for data analysis.

Coordination test
The subjects completed the 44-m slalom dribble twice with 

5-min rest between each test (Joo, 2016). Each subject started  
50 cm behind the start line and dribbled a football ball around  

14 cones. If the subject touches the cones, 2 sec were added to the 
recording time. The fastest times were recorded for data analysis. 
Timing gates were used to accurately assess the time to comple-
tion.

Repeated sprint test
The repeated sprint test consisted of seven maximal 34.2-m 

sprints, interspersed by 25 sec of active recovery (40-m jogging 
distance) (Abrantes et al., 2004). Recovery was timed so that the 
subjects returned to the start line between the 23rd and 24th sec-
ond. Additionally, verbal feedback was given at 5, 10, 15, and 20 
sec of the recovery. Performance was measured as the total sprint 
time in seconds.

Yo-Yo intermittent recovery test
The Yo-Yo IR1 test was performed on an artificial turf. The Yo-

Yo IR1 test consists of 2×20-m shuttle runs at increasing speeds, 
controlled by audio signals from a compact disk. Between each 
bout of running, the subjects completed 10 sec of active recovery, 
consisting of 2×5-m jogging (Bangsbo et al., 2008). The test was 
terminated when the subjects failed twice to reach the start line 
on time and the distance (m) covered at the end point was record-
ed (Thomassen et al., 2010).

Statistical analyses
Statistical analyses were carried out using IBM SPSS Statistics 

ver. 23.0 (IBM Co., Armonk, NY, USA). Data are presented as 
mean±standard deviation. A two-factor (condition×time) with-
in-participants general linear model was undertaken to determine 
any age differences between the pre- and posttraining. Data at the 
posttraining time points were compared with the pretraining time 
point using paired t-test. The alpha level for evaluation of statisti-
cal significance was set at P<0.05.

RESULTS

The 8-week preseason training improved the power of all young 
players (U-16, U-17, U-18, P<0.05) (Fig. 1). Rates of changes in 
jump performance were 4.5%±3.0% (U-16), 4.3%±3.1% (U-17), 
and 4.0%±2.5% (U-18).

The 10-m sprint performance (U-16, 0.9%±4.7%; U-17, 
1.0%±2.7%; U-18, 1.1%±2.5%) showed no change after train-
ing in all age groups (Fig. 2A) (P>0.05). The 20-m sprint perfor-
mance was improved by training in U-16 (2.8%±3.2%) and 
U-18 (1.7%±1.4%) (Fig. 2B) (P<0.05), but no changes were 



https://www.e-jer.org    445https://doi.org/10.12965/jer.2040598.299

Lee H and Joo CH  •  Preseason training for youth football players

found in the U-17 group (1.3%±2.0%) (Fig. 2C) (P>0.05).
The arrowhead right showed no development at all ages (% 

changes: U-16, 1.0%±1.7%; U-17, -1.5%±4.1%; U-18, -0.7%±  
2.1%) (Fig. 3A) (P>0.05). Significant differences were found in 
the arrowhead left (U-16, 1.5%±1.6%; U-18, 1.2%±1.4%; P< 
0.05) after training; however, no difference was observed in U-17 

(-0.4%±1.6%; P>0.05) (Fig. 3B).
Coordination was enhanced further in U-16 (6.7%±8.9%) and 

U-17 (5.5%±6.9%) (P<0.05) compared with that in U-18 (3.7%±  
6.0%) (Fig. 4) (P>0.05).

The fatigue index of repeated sprints (U-16, 13.7%±56.8%; 
U-17, 16.4%±32.0%; U-18, -34.8%±64.6%) and total time 

Fig. 1. Jump in the age groups before and after 8-week preseason training 
(n= 10, mean± standard deviation). There were significant changes in the vari-
able for U-16, U-17, and U-18. *Significant difference between pre- and post-
training (P< 0.05).
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Fig. 4. Coordination in the age groups before and after 8-week preseason 
training (n= 10, mean± standard deviation). There were significant changes in 
the variable for U-16 and U-17. *Significant difference between pre- and post-
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Fig. 2. Sprints (A, 10 m; B, 20 m; C, 30 m) in the age groups before and after 8-week preseason training (n= 10, mean± standard deviation). There were significant 
changes in 20 m for U-16 and U-18 and 30 m for U-16, U-17, and U-18. *Significant difference between pre- and posttraining (P< 0.05).
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(U-16, 0.5%±2.1%; U-17, -2.2%±3.7%; U-18, -1.3%±6.1%) 
were similar between pre- and posttraining (Fig. 5A, B) (P>0.05).

Performance of Yo-Yo IR1 was not changed after training in all 
age groups (U-16, 3.7%±7.9%; U-17, -0.96%±6.3%; U-18, 
2.3%±5.6%) (Fig. 6) (P>0.05).

DISCUSSION

This study mainly found slight differences in the tendency to 
improve fitness level after the 8-week preseason training accord-
ing to age groups. Jump and sprint (30 m) performance improved 
at all age groups after training, but sprint (10 m), agility (arrow-
head head right), repeated sprint, and Yo-Yo IR1 performance did 
not differ statistically between pre- and posttraining. Interesting-
ly, the extent of development in agility (arrowhead head left) and 
coordination differed according to age groups.

In this study, jump performance developed in all ages after the 
training period. This result is consistent with that in a previous 

study that 8-week football-specific training improves the power 
of young players (Jovanovic et al., 2011). Power improvements in 
young football players are closely related to strength development. 
The increase in the muscle volume occurs during adolescence be-
cause of an increase in growth hormone levels (Ramos et al., 1998). 
While the increase in muscle mass is directly linked with the de-
velopment of muscle strength, appropriate training methods must 
be applied to maximize development of muscle strength (Kawam-
ori and Haff, 2004). In adolescence, when body growth is acceler-
ated and muscle mass increases, the application of incorrect train-
ing methods can lead to serious injuries such as muscle and liga-
ment rupture (Watson et al., 2019). Unfortunately, we did not 
measure the amount of increase in muscle volume among players, 
but it is suggested that 8 weeks of proper training improve jump 
performance through the development of muscle strength with-
out serious injury in any age groups.

Improving strength-power through training affects record of 
sprints (Loturco et al., 2017). Indeed, the 30-m sprint performance 
in this study improved in all age groups after training. Similarly, 
the 20-m sprint performance was significantly enhanced in U-16 
and U-18 and a tendency for improvement was shown in U-17 
(P=0.07). These findings support previous research findings that 
6 weeks of preseason training improve the sprint ability of young 
football players (Asadi et al., 2018). However, in the present study, 
no statistical difference was found in the 10-m sprint performance 
in all age groups. Unlike the 20-m and 30-m sprint, the absence 
of 10-m sprint performance development can be due to the train-
ing contents. The 10-m sprint session during more than 30-m 
sprinting was done during the acceleration phase of increasing the 
speed to reach the maximum speed. To increase the acceleration 
speed, which requires explosive power, muscle training is necessary 
to maximize muscle power (Morin and Samozino, 2016; Pavei et 

Fig. 6. Yo-Yo intermittent recovery test level 1 (IR1) in the age groups before 
and after 8-week preseason training (n= 10, mean± standard deviation).
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al., 2019). However, the 8-week training in this study did not in-
clude explosive strength development, but consisted of training to 
improve various physical fitness levels and develop player’s indi-
vidual football skills and team tactics. Therefore, the intensity and 
volume of exercise in such training is somewhat insufficient to 
cause improvement in the 10-m sprint performance and develop-
ment of explosive muscle strength.

Interestingly, in case of agility, arrowhead right performance did 
not differ between pre- and posttraining in all age groups, but ar-
rowhead left performance improved in U-16 and U-18 through 
the training. This difference between the right and left directions 
of agility may be related to the player’s body balance and/or domi-
nant/nondominant leg. Football players’ balance performance dif-
fers according to the playing position, and it is better in the non-
dominant leg than in the dominant leg (Jadczak et al., 2019). In 
this study, the players were right-leg dominant, and it was thought 
that the players were familiar with the right turning because the 
left leg supported the body weight when turning to the right di-
rection. In addition, the 6-week training showed significantly an 
increase in balance performance in football players (Manolopoulos 
et al., 2016). Therefore, only the left direction might be developed 
through the training. In addition, in U-17, the training was not 
developed in both directions, unlike in the other two age groups. 
The number of players who used both feet freely was higher in 
U-17 than in other age groups (U-16 at 4, U-17 at 7, U-18 at 5). 
While the directional agility results are considered associated with 
the dominant leg, the association could not be analyzed in this 
study because of the limited sample size, which is a limitation of 
this study. Therefore, the relationship between directional turning 
speed and accuracy and whether the dominant leg affects the per-
formance of football players should be analyzed in a future study.

Coordination is the ability to organize and control motor appa-
ratus to achieve task goals, which is deeply related to skill perfor-
mance (Santos et al., 2018). A football-specific test method with 
dribbling technique is mainly used to measure motor coordina-
tion of football players (Rommers et al., 2019). In this study, co-
ordination was developed by training in U-16 and U-17, but no 
change was found in U-18. These results support those of previ-
ous study that the degree of neuromuscular system development 
is associated with age and the improvements in motor coordina-
tion can be influenced by the full maturity of the nervous system 
and enhanced neuromuscular efficiency in adolescence (Casamen-
to-Moran et al., 2018; Portas et al., 2016). In addition, the coor-
dination ability of football players did not decrease by detraining, 
unlike other fitness factors such as endurance and speed endurance, 

which decrease even with a short detraining period (Joo, 2016, 
2018). Taken together, there may be an optimal period of time to 
maximize the improvement of coordination among football play-
ers, and while the degree of coordination development decreases 
after this period, it is not significantly reduced by detraining. In 
other words, the coordination that developed through training 
during adolescence remains at the same level regardless of increas-
ing ages and detraining. Since this study was conducted for play-
ers aged 16–18 years, it was not possible to analyze the degree of 
coordination development before age 16 years. Therefore, to ana-
lyze the optimal development period and developmental charac-
teristics of each age for coordination, further studies are needed for 
elite football players aged <16 years.

One of the characteristics of modern football is that the speed of 
the game, such as during passing, switching defending from attack, 
and attacking from defense, has been significantly faster. Given 
this change in game speed, the speed endurance of players, which 
demands a quick recovery after a sprint, has become more import-
ant among the physical fitness components. In this study, repeated 
sprint did not improve with training in all age groups. The results 
are inconsistent with those in previous study that general presea-
son football training reduces repeated sprint total time (Tønnessen 
et al., 2011). The difference in the results of these studies can be 
caused by the timing of measurement during preseason. While 
the pretest was conducted 2 weeks after the preseason training in 
this study, previous studies started the experiment after starting 
the preseason training, when the players’ fitness level reduced 
through the off-season break period, to analyze changes in physi-
cal fitness through training. Therefore, the ability to repeat sprint 
can be possibly improved in the early stage of preseason training 
for 2 weeks, and the exercise intensity and volume of the subse-
quent 8-week training are insufficient to cause further increase in 
repeated sprints. Indeed, Joo (2018) reported that short term of 
training immediately after preseason improves repeated sprint 
ability.

Similar to the repeated sprint, no difference in the Yo-Yo IR1 
performance was found between pre- and posttraining in all age 
groups. As mentioned earlier, these results would have been achieved 
by starting the experiment after the early stage of preseason train-
ing which induced an increase in the endurance of players. In gen-
eral, preseason training for young football players is first started 
by endurance exercise according to the periodization theory (Fave-
ro and White, 2018). In a previous study, Papadakis et al. (2020) 
found that 9 weeks of preseason training improved the endurance 
of football players. Considering the results of these studies, the 
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endurance of young football players improved by training in the 
early stages of the preseason, and the degree of increase through 
training during the subsequent training period is not large. How-
ever, intensity and training volumes higher than the player’s fit-
ness level can cause serious injury in the early training period during 
the preseason, so it is necessary to organize a training program in 
accordance with the periodization theory to improve the endur-
ance of player without injuries.

This study was conducted to analyze differences in fitness im-
provement through an 8-week preseason training of young football 
players according to age groups. The 8-week training improved 
jump and sprint (30 m) performance in all age groups, but perfor-
mance in sprint (10 m), agility (arrowhead right), repeated sprints, 
and Yo-Yo IR1 did not change after training. Differences in the 
amount of development were observed in agility (arrowhead left), 
speed (20 m), and coordination among age groups. While jump, 
sprint, repeated sprint, and Yo-Yo IR1 performances were similar-
ly improved after the training period in all age groups, and coor-
dination was improved mainly in the young age groups (U-16, 
U-17) compared with the older age group (U-18). Therefore, these 
results can suggest the importance of systematic and scientific 
training methods to improve the fitness levels of young football 
players in the preseason training period. Moreover, training to im-
prove coordination in young football players is effective at younger 
ages.
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