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Abstract: The paper aims to determine the relation of the indices of lower 
limbs strength in 12-13-year-old soccer players. Methods. Therefore, 
exploratory research was conducted within the CS Otopeni, soccer 
department, with a group of 26 children aged 12-13 years. The strength of 
lower limbs was tested by means of Opto Jump Next system. Specific tests 
used: Test 1, CMJ (flight time and height), test 2, Squat jumps (SJ) (flight 
time, height) and test 3, Jumps 15 sec (number of jumps, contact time, flight 
time, power, pace and RSI). The relation between the measured indices was 
analyzed using the Pearson correlation coefficient (KyPlot). Determining the 
relation between lower limbs strength indices of soccer players aged 12-13 
highlights differences between the evaluated parameters and their degree of 
correlation. 
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1. Introduction 
 
Soccer is an extremely popular sport 

worldwide, practiced by both genders and 
players of various ages [1]. Soccer training 
for children and adolescents focuses on 
developing motor skills and tactical-
technical education, transitioning to 

playing position specialization and specific 
training as players grow up [6], [8], [18], 
[21]. 

Motor activities during training include 
sprints, changes of direction and various 
running actions, while single-leg jumps 
and landings are characteristic of older 
age groups and professionals. In the case 
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of young players, heading the ball is 
avoided for health reasons [3], [7]. 

The practice of soccer for 12-13-year-old 
children is essential for their physical, 
social, and emotional development. It 
provides them with the opportunity to 
improve their motor skills and learn about 
responsibility and teamwork. The 
development of physical and 
psychophysiological skills in soccer is a 
crucial aspect. This is investigated through 
various methods, including mental 
chronometry and analyzing the effects of 
stretching procedures on sports 
performance [2], [11], [15], [23]. 

Lower limb strength is crucial in the 
performance of athletes, especially in 
soccer, where physical abilities are 
essential for success on the playing field. 
Understanding the relationship between 
lower limb strength indices and athletic 
performance at the age of 12-13 is very 
important, taking into account their rapid 
period of physical development and skills 
formation. 

Therefore, this study focuses on 
assessing and determining this 
relationship in soccer players aged 12-13. 
It aims to provide a deeper understanding 
of the factors influencing their athletic 
performance and to offer useful 
information for coaches and specialists in 
the field of youth sports development. 
 
2. Method  

 
The study included participants from the 

U13 category of the Otopeni Sports Club, 
Ilfov County, Romania. For this purpose, 
observational research was conducted 
within the CS Otopeni soccer department, 

involving a group of 26 children aged 12-
13. Parental consent was obtained and 
signed in accordance with the Helsinki 
Declaration prior to the start of the 
research. The study was approved by the 
Ethics Committee of the Doctoral School of 
Physical Education and Sports Sciences (ID: 
10/22.01.2024), University Center Pitești, 
Romania. 

The research was conducted in February 
2023, for to determine the relation of the 
indices of lower limbs strength in 12-13-
year-old soccer players. 

Lower limb strength testing was 
performed using the Opto Jump Next 
device. The specific tests used: Test 1, CMJ 
(flight time and height), Test 2, Squat jumps 
(SJ) (flight time and height), and Test 3, 
Jumps 15 sec (number of jumps, contact 
time, flight time, power, pace and RSI).  

Statistical indicators were calculated 
using KyPlot 6.0 software (KyensLab Inc), 
including mean, standard deviation (SD), 
coefficient of variation (CV%), confidence 
level of mean (0.95), and confidence limit 
of mean. The analysis of the relationship 
between the measured indices was 
conducted using Pearson's correlation 
coefficient. Statistical significance was 
established at p < 0.05. 
 
3. Results  

 
The determination of lower limbs 

strength development levels in young 
soccer players aged 12-13 was conducted 
using the Opto Jump Next device. The 
results of the measured parameters are 
presented in Tables 1 and 2, while the 
analysis of the relationship between the 
measured indices is presented in Table 3.
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Descriptive statistics                Table 1 

Tests 
Variables Mean ± SD CV 

(%) 
Confidence Level 
of Mean (0.95) 

Confidence Limit of Mean 
Lower Upper  

CMJ TFlight (sec) 0.41; ±0.03 7.75 0.01 0.40 0.43 
Height (cm) 21.44; ±3.37 15.72 1.36 20.08 22.79 

SJ TFlight (sec) 0.39; ±0.04 11.90 0.02 0.37 0.41 

Height (cm) 16.28; ±4.56 23.66 1.84 17.44 21.13 

            
Descriptive statistics                Table 2 

 

Variables Mean ± SD CV (%) 
Confidence Level 
of Mean (0.95) 

Confidence Limit of Mean 
Lower Upper  

Jumps (no. reps) 26.95; ±2.18 8.09 0.88 26.08 27.84 
TCont. (sec) 0.23; ±0.04 16.62 0.02 0.22 0.25 
TFlight (sec) 0.34; ±0.05 13.61 0.02 0.33 0.36 
Height (cm) 14.96; ±3.69 24.66 1.49 13.47 16.46 
Power (w/kg) 21.76; ±5.39 24.79 2.18 19.58 23.94 
Pace (step/s) 1.73; ±0.14 8.18 0.06 1.67 1.79 
RSI (m/s) 0.68; 0.22 32.28 0.09 0.59 0.77 

 

Linear correlation analysis                Table 3 

Variables 
R, Pearson 

CMJ Squat Jumps 

TFlight (sec) Height (cm) TFlight (sec) Height (cm) 

Ju
m

ps
 1

5 
se

c 

Jumps (no. reps) -0.36 -0.36 -0.89* -0.48* 

TCont. (sec) -0.14 -0.14 -0.31 -0.28 

TFlight (sec) 0.49* 0.48* 0.71*** 0.69*** 

Height (cm) 0.52** 0.52** 0.74*** 0.72*** 

Power (w/kg) 0.40* 0.40* 0.66*** 0.63*** 

Pace (step/s) -0.41* -0.41* -0.52** -0.52** 

RSI (m/s) 0.37 0.36 0.63*** 0.60** 
Note. * - p<0.05, ** - p<0.01, *** - p<0.001 
 
The results of the comparative analysis 

between the CMJ and Squat Jumps (SJ) 
Tests (Tables 1, 2) highlight higher values in 
CMJ by 0.02 sec in Flight Time (TFlight) and 
5.16 cm in Jump Height (Height), an 

increase in the Confidence Level of Mean 
(0.95) (CLM) in the SJ test by 0.01 sec in 
TFlight and by 0.48 cm in Height. 
Meanwhile, the Confidence Limit of Mean 
(Lower & Upper) shows higher values in the 
limit interval in the SJ test by 0.04 sec in 
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TFlight and by 3.69 cm in Height. 
In the analysis of parameters in the 

Jumps 15 sec Test (Table 2), an average of 
26.95 jumps is observed, a greater 
difference in Flight Time of 0.11 sec 
compared with Contact Time, a Height of 
14.96 cm, Power of 21.76 w/kg, Pace of 
1.73 step/s and RSI of 0.68 m/s. 

The relationship between lower limbs 
strength indices was determined through 
the Pearson's linear correlation analysis 
(Table 3). Twenty-eight relationships 
between the parameters of the Jumps 15 
sec test and the CMJ and SJ tests were 
analyzed. Thus, 28 correlations were 
identified (57.1% positive and 42.9% 
negative), with 71.4% strong associations 
at p < 0.001 (25%), p < 0.01 (17.8%) and p < 
0.05 (28.6%). Regarding the significant 
correlations between the parameters of 
the Jumps 15 sec test with CMJ and SJ, 
strong negative associations were observed 
for the number of jumps (No) with TFlight 
and Height (SJ) at p < 0.05, T Contact 
showed non-significant negative 
associations (p > 0.05), while Height, Power 
and RSI had significant positive correlations 
(p < 0.05, p < 0.01 and p < 0.001) and 
significant negative correlations with Pace 
(p < 0.05, p < 0.01). All these strong 
correlations (positive and negative) 
highlight the reciprocal influence between 
the measured parameters, specific to the 
applied tests. They also determine the 
degree of connection between the lower 
limbs’ strength indices in 12-13-year-old 
soccer players. 

 
4. Discussions 

 
The aim of the study was to analyze the 

relationship between lower limbs strength 
indices in soccer players aged 12 to 13 
years. To assess the level of lower limbs 
strength development, three jump tests 
were used. Specifically, the CMJ and SJ 
tests were compared to identify 
differences between the measured 
parameters and the specificity of each 
test. 

The results reveal higher values in the 
CMJ test as for flight time (TFlight) and 
jump height (Height), while the SJ test 
showed an increase in the Confidence 
Level of Mean (CLM), as presented in 
Table 1. The analysis of parameters in the 
Jumps 15 sec test (Table 2) highlighted an 
average of 26.95 jumps, as well as a 
greater difference between flight time and 
contact time. Additionally, a height of 
14.96 cm, a power of 21.76 w/kg, a Pace 
of 1.73 steps/second and a Reactive 
Strength Index (RSI) of 0.68 m/s were 
recorded. 

Pearson's linear correlation analysis 
(presented in Table 3) investigated the 
relationship between the parameters of 
the Jumps 15 sec test and the CMJ and SJ 
tests, examining a total of 28 
relationships. It was observed that 71.4% 
of these relations showed strong 
connections, at significance levels of p < 
0.001, p < 0.01 and p < 0.05. These results 
highlight the mutual influence between 
the measured parameters, emphasizing 
the connections between lower limbs 
strength indices in 12-13-year-old soccer 
players. 

There are several concerns and studies 
regarding the training of 12-13-year-old 
soccer players and the relationship 
between various variables. The study of 
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Radnor et al. [22] found that there were 
no significant differences between each 
birth quartile in terms of weight, height, 
and performance parameters in boys from 
an English soccer academy. However, the 
boys with early maturation were 
significantly taller and heavier compared 
to those with on-time or late maturation. 

Malina et al. [17] emphasized that an 
advanced level of maturity brings 
temporary competitive benefits through 
increased values of physical fitness and 
anthropometry. Other studies suggest 
that body height and maturation do not 
specifically influence technical tasks. 

Skeletal age had a minor impact on 
motor performance in athletes aged 10 
to 15, but body size, proportions, 
training hours and motivation for 
participation explained a more 
significant proportion of motor 
performance variation [10]. 

Hespanhol [13] evaluated the sensitivity 
and specificity of different protocols for 
measuring vertical jump tests in 
diagnosing explosive power in soccer and 
volleyball players during puberty. 

The purpose of the research conducted 
by Kozina [14] was to provide a 
comparative characteristic of the 
dynamics of psychophysiological functions 
and indicators of physical and technical 
training of young soccer players aged 12-
13 and 15-16 over a period of 3 months. 

Özdemir [20] investigated the effects of 
soccer training and lower limbs strength 
training on the functional capacities of 
adolescent soccer players. The conclusion 
was that biological maturity significantly 
influences functional capacity, and 
training has notable contribution to 

aerobic endurance, while body weight and 
height are important factors for sprinting 
and vertical jumps. 

Mitrousis [19] examined the effect of a 
balance training program on the balance 
and technical skills of adolescent soccer 
players, concluding that this type of 
training program considerably improved 
static and dynamic balance, as well as 
accuracy in shooting with the dominant 
foot. 
 
5. Conclusions 

 
The conclusions reveal significant 

differences between the CMJ and SJ jump 
tests, with higher results in CMJ for flight 
time and jump height, while the 
confidence level of the mean was higher 
in the SJ test, indicating greater stability of 
results. 

The analysis of parameters in the 15-
second Jumps Test showed a balanced 
approach between power and execution 
speed. The correlations between the 
parameters of this test and the CMJ and 
SJ tests revealed strong connections, 
suggesting an important 
interdependence between lower limbs 
strength indices. 

Additionally, flight time and height 
were negatively correlated with the 
number of jumps, while power and 
reactive strength index were positively 
correlated, reflecting the complexity of 
relationships between different lower 
limbs strength parameters in 12-13-
year-old soccer players in the context of 
physical performance in soccer. 
 



Bulletin of the Transilvania University of Braşov. Series IX • Vol. 17(66) No. 1 - 2024 
 
122 

Acknowledgments 
 
This paper is part of the research theme 

within the Doctoral School of Physical 
Education and Sports Sciences at the 
University of Pitești. We express our 
gratitude to the director of CS Otopeni, 
Romania, and to the athletes who 
participated in this research. 
 
References 

 
1. Ala-Kitula, A.: Daily physical activity 

and physical activity in soccer practice 
with children. Faculty of Sport and 
Health Sciences, University of 
Jyväskylä, Master’s thesis in Exercise 
Physiology, 2017. 

2. Amiri-Khorasani, M., Abu Osman, N. 
A., Yusof, A.: Acute effect of static and 
dynamic stretching on hip dynamic 
range of motion during instep kicking 
in professional soccer players. In: The 
Journal of Strength & Conditioning 
Research, Vol. 25(6), 2011, p. 1647–
1652. 
DOI:10.1519/JSC.0b013e3181db9f41. 

3. Barczyk-Pawelec, K., Rubajczyk, K. 
Stefanska, M. et al.: Characteristics of 
Body Posture in the Sagittal Plane in 
8–13-Year-Old Male Athletes 
Practicing Soccer. In: Symmetry, Vol. 
14, 2022, 210. 
DOI:10.3390/sym14020210. 

4. Başkaya, G., Ünveren, A., Karavelioğlu, 
M.B.: The effect of static and dynamic 
core exercises on motor performance 
and Football-specific skills of football 
players aged 10-12. In: Gazi Beden 
Eğitimi ve Spor Bilimleri Dergisi, Vol. 

28(1), 2023, 63-72. DOI: 
10.53434/gbesbd.1148408. 

5. Bezuglov, E., Malyakin, G., Emanov, A., 
et al.: Are Late-Born Young Soccer 
Players Less Mature Than Their Early-
Born Peers, Although No Differences in 
Physical and Technical Performance 
Are Evident?. In: Sports, Vol. 11(9), 
2023, 179. 
DOI:10.3390/sports11090179. 

6. Borges, P.H., Andrade, M.O.C.D., 
Rechenchosky, L., et al.: Tactical 
performance, anthropometry and 
physical fitness in young soccer 
players: a comparison between 
different maturational groups. In: 
Journal of Physical Education, Vol. 28, 
2017, e2826, 
DOI:10.4025/jphyseduc.v28i1.2826. 

7. Burileanu, H.A., Munteanu, R.V., 
Stepan, A.R., et al.: The Role of 
Isoinertial Training in Improving Lower 
Limbs Strength. In: The Bulletin of the 
Transilvania University of Braşov. 
Series IX: Sciences of Human Kinetics, 
Vol. 16(65) No. 2, 2023, p. 41-46. 
DOI:10.31926/but.shk.2023.16.65.2.5 

8. Duarte, J.P.M.: Repeated dribbling 
ability in youth soccer: test properties, 
interrelationship with repeated sprint 
tests and variation by age group 
(Doctoral dissertation, Universidade 
de Coimbra (Portugal)), 2013. 

9. Figueiredo, A.J., Gonçalves, C.E., 
Coelho e Silva M.J., et al.: Youth soccer 
players, 11-14 years: maturity, size, 
function, skill and goal orientation. In: 
Annals of Human Biology, Vol. 36, 
2009 - Issue 1, p. 60-73. 
DOI:10.1080/03014460802570584 

10. Freitas, D., Antunes, A., Thomis, M., 



B.A. PANĂ et al.: Determining the Relation of Lower Limbs Strength Indices … 123 

Silva, R., Marques, G., Silva, A., ... 
Malina, R. M. Interrelationships 
among skeletal age, growth status 
and motor performances in female 
athletes 10–15 years. In: Annals of 
Human Biology, Vol. 51(1), 2024,                      
p.1-12. 
DOI:10.1080/03014460.2023.2297733 

11. Frikha, M., Derbel, M.S., Chaâri, N., et 
al.: Acute effect of stretching 
modalities on global coordination and 
kicking accuracy in 12–13 year-old 
soccer players. In: Human Movement 
Science, Vol. 54, 2017, p.63-72. 
DOI:10.1016/j.humov.2017.03.008. 

12. Hekim, M., Hekim, H.: Çocuklarda 
kuvvet gelişimi ve kuvvet 
antrenmanlarına genel bakış 
[Overview to strength development 
and strength trainings in children]. In: 
The Journal of Current Pediatrics, Vol. 
13(2), 2015, p. 110-115. 
DOI:10.4274/jcp.22932. 

13. Hespanhol, J.E., Arruda, M.D., 
Bolaños, M.A.C., et al.: Sensitivity and 
specificity of the strength performance 
diagnostic by different vertical jump 
tests in soccer and volleyball at 
puberty. In: Revista Brasileira de 
medicina do esporte, Vol. 19(5), 2013,                 
p. 367-370. DOI:10.1590/S1517-
86922013000500014 

14. Kozina, Z., Cretu, M., Safronov, D., et 
al.: Dynamics of psychophysiological 
functions and indicators of physical 
and technical readiness in young 
football players aged 12–13 and 15–
16 years during a 3-month training 
process. In: Physiotherapy Quarterly, 
27(3), 2019, p. 20-27. 
DOI:10.5114/pq.2019.86464 

15. Little, T., Williams, A.G.: Effects of 
differential stretching protocols during 
warm ups on high-speed motor 
capacities in professional soccer 
players. In: The Journal of Strength & 
Conditioning Research, Vol, 20(1),                      
p. 203–207. 

16. Lyzohub, V., Nechyporenko L., 
Pustovalov, V., et al.: Specialized 
training and bioenergy state of 
football players with different 
typological properties of the higher 
parts of the nervous system. Science 
and Education, Vol. 8, 2016,                                    
p. 107–112. 

17. Malina, R.M., Reyes, M.P., Eisenmann, 
J.C., et al.: Height, mass and skeletal 
maturity of elite Portuguese soccer 
players aged 11–16 years. In: J Sports 
Sci., Vol. 18(9), 2000, p. 685-693. 
DOI:10.1080/02640410050120069. 

18. Masmoudi, L., Gharbi, A., H’mida, C., 
et al.: The effects of exercise difficulty 
and time-of-day on the perception of 
the task and soccer performance in 
child soccer players. In: Children, Vol. 
8(9), 2021, p.793. 
DOI:10.3390/children8090793. 

19. Mitrousis, I., Bourdas, D.I., Kounalakis, 
S., et al.: The effect of a balance 
training program on the balance and 
technical skills of adolescent soccer 
players. Journal of Sports Science & 
Medicine, 22(4), 2023, p. 645. 
DOI:10.52082/jssm.2023.645. 

20. Özdemir, İ., Civan, A.: Effect of lower 
extremity strength training done in 
young male soccer players on some 
physiological, motoric and technical 
parameters during preparation period 
[Genç erkek futbolcularda hazırlık 



Bulletin of the Transilvania University of Braşov. Series IX • Vol. 17(66) No. 1 - 2024 
 
124 

döneminde yapılan alt ekstremite 
kuvvet antrenmanlarının bazı fizyolojik 
motorik ve teknik parametrelere 
etkisi]. In: Journal of Human Sciences, 
15(2), 2018, p. 1193-1205. 
DOI:10.14687/jhs.v15i2.5202 

21. Pană, B.A., Mihăilă, I., Mihai, I., et al.: 
The relationship between spatio-
temporal indicators of specific agility 
in 12-13-year-old football players. In: 
International Scientific Conference, 
2023, (p. 123). 

22. Radnor, J.M., Staines, J., Bevan, Jet al.: 

Maturity Has a Greater Association 
than Relative Age with Physical 
Performance in English Male Academy 
Soccer Players. In: Sports, Vol. 9, 2021, 
p. 171. DOI:10.3390/sports9120171. 

23. Vandendriessche, J.B., Vaeyens, R., 
Vandorpe, B., et al.: Biological 
maturation, morphology, fitness, and 
motor coordination as part of a 
selection strategy in the search for 
international youth soccer players 
(age 15–16 years). In: J Sports Sci., 
Vol., 30, 2012, p. 1695-1703. 

 


