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Resumen 

 

Objetivo: Verificar la influencia de la fuerza en la velocidad máxima de un partido de 

fútbol en diferentes estados de madurez.  

Métodos: 175 jugadores de fútbol masculinos divididos en tres grupos de maduración con 

respecto a la clasificación de PHV: 42 fueron Pre; 57 durante y 76 post. Las pruebas 

utilizadas fueron: a) la medición de la velocidad máxima de movimiento durante el juego; 

b) prueba de salto vertical: salto en cuclillas, contramovimiento, salto en caída y salto 

continuo, c) prueba de salto vertical en sentadilla con evaluación de la producción de 

fuerza: isométrica, excéntrica, concéntrica y estabilidad.  

Resultados: el análisis multivariado de las asociaciones de los parámetros de producción 

y las manifestaciones de fuerza con la velocidad máxima del juego mostró que había 

diferentes asociaciones en cuanto a los grupos de maduración, que fueron: el grupo pre-

PHV tenía una asociación moderada entre velocidad y fuerza (R2 = 40.48%, p <0,05); en 

el grupo durante PHV estuvo con asociación pequeña, pero no significativa (R2 = 17.25%, 

p> 0.05); y para el grupo posterior al PHV se encontraron altas asociaciones entre los 

desempeños (R2 = 71.40%, p <0.05).  

Conclusiones: Si bien la velocidad máxima puede verse influenciada por el rendimiento 

de la fuerza antes y después del pico, no hay influencia en el grupo durante el PHV. 

 

Palabras clave: estado de madurez; velocidad pico de altura, desarrollo; fuerza y 

velocidad; Jóvenes futbolistas. 

 

Abstract 

 

Objective: The objective of this study was to verify the influence of strength on the 

maximum speed of a soccer match in different maturity status.  

Methods: 175 male soccer players divided into three maturational groups regarding the 

classification of PHV: 42 were Pre; 57 during and 76 post. The tests used were: a) the 

measurement of the maximum speed of movement during the game; b) vertical jump test: 

squat jump, countermovement, drop jump, and continuum jump, c) vertical jump test 

squat jump with evaluation of the strength production: isometric, eccentric, concentric 

and stability.  

Results: Multivariate analysis of the associations of production parameters and strength 

manifestations with maximum game speed showed that there were different associations 

as to the maturational groups, which were: the pre-PHV group was moderately 

association between speed and strength (R2 = 40.48%, p <0.05); in the during-PHV group 

was with small association, but not significant (R2 = 17.25%, p>0.05); and for the post-

PHV group high associations were found between the performances (R2 = 71.40%, p 

<0.05).  

Conclusions: While maximum velocity can be influenced by strength, performance by 

pre and post peak, there is no influence in the group during PHV. 

 

Key words: Maturity status; peak height velocity, development; strength and speed; 

young soccer players. 
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Introduction 

 

High intensity performance is a factor 

that has affected soccer matches. Relevant 

trends of evolution has been found in this 

excessive actions2,6,9,12, in the increase of 

acceleration and explosive plays during the 

match1,12,17. 

The major component associated with 

those elements is the maximum speed 

performed in games of young football 

players1,9,44. The development of maximum 

speed is known to be non-linear throughout 

childhood and adolescence37, with the 

suggestion of an outbreak in puberty (5-9 years) 

and in adolescence (12-14 years) for boys’ 

performances41. Particularly in the 

accomplishment of that velocity, it is observed 

that the utmost speed in a soccer match is 

reached faster for U15 (26,5 ± 1,68 km/ h) than 

U14 (25,4 ± 1,93 km/h, p = 0,022) and U13 

(23,5 ± 1,74 km /h, p = 0,001)2. 

Research has shown evidences that the 

increase of muscle strength could result in raise 

of the acceleration and deceleration capabilities, 

making soccer players more agile and fast44. 

Some studies reveal significant connection 

between the exercise of strength manifestations 

and the performance of speed variation23,47,48,49. 

Ergo, reviews contemplate the idea that speed 

of travel and agility depends on strength output. 

Therefore, strength is a conditioning 

competence for the performance of velocity and 

agility in an athlete. 

There is a considerable influence in the 

period of peak height velocity (PHV) in the 

performance of maximum speed in young 

soccer athletes during the execution of sprints40, 

42. Growth was observed in groups of pre-PHV 

to post-PHV when comparing one to the other: 

there is a better prediction in the 

accomplishment of maximum speed explained 

by changes in production of maximum dynamic 

speed (R2=83%) and in the strength production 

rate (R2=79%). Those results suggest that the 

velocity undergoes the influence of the 

conditioning strength factors organized in 

maturity groups. 

Nevertheless, few researches have been 

investigating the relation between the pick of 

growth velocity peak height velocity and the 

strength output. Thus, in order to optimize the 

physical performance of the youngsters, 

information about the changes has been sought, 

which allows an understanding to the reader of 

the possible components of trainability between 

categories29 and maturity36, 37. Also, the 

estimates of the contributions of the qualitative 

and quantitative factors in the variation of the 

performance of the manifestations and 

productions of the strength can be described. 

Starting from this premise, a question 

arises from what will be the influence of the 

strength variable on the performance of the 

maximum speed in a game. The objective of 

this study was to verify the associations of 

multiple determinations between the parameters 

of the performance of the strength production 

with the maximum speed during a soccer match 

by maturational levels in soccer players.  

 

Method and Material 

 

Subjects sample:  

This study was performed according to 

the Helsinki ethical issues and the procedures 

were approved by the Ethics Committee of the 

Platform Brazil and by Unicamp (Approval of 

the Committee for ethics in research 

CAEE78503717.6.0000.5404). All the 

participants signed form and consent directly 

with the soccer club. Meanwhile, legal 

guardians consented for the under age 

participants by signing form and consent in 

their name.  

Biological maturation was assessed 

using somatic indicators by the Mirwald et al 

technique25. This procedure allowed the 

researchers to calculate the peak height velocity 

(PHV) transversally. The procedure is based on 

the interaction between anthropometric 

variables: body mass, height, sitting height and 

decimal age. The technique allowed dividing 

the maturational groups by the period that PHV 

happens. Participants were divided into three 

groups based on maturity status indicators: pre-

PHV (-3 years and -1 year for PHV); mid- PHV 

(-1 year for 1 year for PHV) and post-PHV (1 

year for 3 years for PHV). One of the inclusion 

criteria was that the player should have played 

at least4 matches.  

Cross-sectional study with 175 male 

soccer players participating in the São Paulo 

soccer championship, divided into three 
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maturational groups: 42 categorized as pre-

PHV, 57 as mid-PHV and 76 as post-PHV. 

 

Technical procedures for Variable 

Measurements: 

Maximum speed performance during a soccer 

play: 

The dependent variable was the 

maximum speed obtained during a soccer match. 

The speed performance was analyzed during the 

2018 season of São Paulo championship, 

organized by the Paulista Soccer Federation. In 

addition, competitive phase matches from the 

Paulista Cup had their performance analyzed. A 

total of 24 matches of Under-20,Under-17, 

Under-15 and Under-14 categories (10 matches 

from each category). The shootings were 

recorded and stored in a drive for further 

performance analysis. 

The maximum speed performed during 

a soccer match was comprised at the highest 

speed during a match; it’s value was expressed 

in Kilometers per hour (km/h); the match 

actions speed was measured using the Global 

Positioning System – GPS (Polar Team2 Pro 

United States of America – USA)2. The results 

quality with the GPS procedure allowed 

measuring with a degree of reliability in 

repeating measurements, three matches per 

participant (ICC of 0.811 to 0.901 for both 

groups ; SEE: 2.13; CV = 1.43% to 3.12%).  

Anthropometric measures: 

Anthropometric measures of height, 

and body mass were used to characterize the 

studied subjects. These measures were taken 

based on the Lohman standardization27, using 

the following equipment: a) metal stadiometer 

with 0.1 cm precision carried out height 

measures, and b) Plena Lithium Digital 

electronic scale with 100 grams precision. The 

trunk – cephalic height was measured from the 

sitting posture, with the aid of a 50 cm tall 

wooden bench on which the subject would have 

his buttocks supported, the trunk and the head 

in the vertical plane of the stadiometer and the 

hands resting on the tighs. The neck was 

slightly stretched to distance the head from the 

shoulders and the sight axis was horizontal. The 

same stadiometer was used, in addition, the legs 

length was obtained through the difference 

between the trunk-cephalic height and the 

standing height of the subject. 

 

Performance of strength manifestations: 

The explosive strenght performances 

were estimated using the vertical jump 

technique. They were evaluated based on the 

results of vertical jumps5,10,24,52, whose 

techniques consist on: a) maximum vertical 

jump starting from a half-squat position without 

upper limbs interference (SJ), b) maximum 

vertical jumps with countermovement, starting 

from half-squat without upper limbs 

interference (CMJ), c) maximum vertical jumps 

after a 40 cm heigh drop (DJ), d) continuous 

maximum vertical jumps in 5 seconds (CJ5s), e) 

maximum vertical jumps after a 40 cm height 

drop with fast transition and blast after the fall 

(DJh/t). The vertical jump height was 

determined using the JUMP TEST contact 

platform (Hidrofit Ltda, Belo Horizonte, Minas 

Gerais, Brasil), The device reports heel height 

(cm), movement speed, flight time (m.sec.) and 

contact (m.sec.). 

The vertical jump measurements 

showed to be acceptable with high reliability in 

the repeated measures at the repeated measures 

for pre-PHV (CV= 6,2%, ICC=0,93 in SJ; CV= 

5,4%, ICC=0,95 in CMJ; CV= 6,1%, ICC=0,89 

in DJ; CV=6,8, ICC=0,81 in DJ h/t; CV=7,1%, 

ICC=0,85 in CJ5s); to mid-PHV  (CV= 8,2%, 

ICC=0,73 in SJ; CV= 7,4%, ICC=0,75 in CMJ; 

CV= 8,1%, ICC=0,79 in DJ; CV=8,8, 

ICC=0,71 in DJ h/t; CV=9,1%, ICC=0,75 in 

CJ5s); and to post-PHV (CV= 4,2%, ICC=0,95 

in SJ; CV= 4,9%, ICC=0,96 in CMJ; CV= 5,3%, 

ICC=0,91 in DJ; CV=5,5%, ICC=0,88 in DJ 

h/t; CV=6,4%, ICC=0,75 in CJ5s). 

Strength production performance 

parameters:  

The strength production variables were 

evaluated using the following parameters: 

concentric strength production rate, eccentric 

strength, isometric strength, coupling strength 

at explosive movement. The test was performed 

with the athlete, on a bilateral strength platform 

with each of his feet on top of its bases. This 

technique is similar to the execution mode from 

SJ, however, a 3 seconds coupling phase will be 

added after the vertical jump. The measurement 

will be made based on SJ execution method and 

the strength values are presented on the 

platform as mean strength values during the 

isometric stabilization phase; recording the 

maximum strength produced by the leg 

extensors during the movement’s eccentric 
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phase by comparing both limbs values 

(Eccentric Maximum Strength Production) 38,  

The values expressed on the platforms; 

recorded the time of the stability strength 

(Coupling); value of the strength expressed at 

the moment of the "coupling time" (going from 

the eccentric  to the concentric phase), will 

produce the maximum dynamic concentric 

strength by the SJ  vertical jump actions. The 

vertical jump was executed in two platforms, 

one for each leg (double strength platform Twin 

Plates: right and left), analyzed by an ergo 

system (Ergo System ®, Globus Sport 

Corporation, Codogne, Italy), registering in 

Newtons / (N/m), evaluating concentric, 

eccentric and isometric strength. The results 

qualityafter this technical procedure was 

reliable (ICC of 0.75 to 0.88 for both groups, 

CV = 3.03% to 7.89%). 

 

Statistical Analysis Procedure 

Statistical analysis was performed using 

SPSS 20 (Statistical Package for the Social 

Sciences), and SigmaPlot 13.0 (Exact Graphs 

and data analysis). The Kolgorov-Smirnov 

normality test was used to verify data 

distribution. The in-class correlation coefficient 

(ICC), the variation coefficient (VC) and 

standard error of estimate (SEE) were used to 

verify the reliability and reproducibility of 

repeated measures in both vertical jump and 

speed tests. Descriptive statistics of mean and 

standard deviation were used to characterize the 

variables that were studied. Maturational groups 

differences were verified by ANOVA One Way 

statistics, followed by Tukey post-hoc analysis 

for multiple comparisons.  

To verify the correlation and the 

influence of the independent variables on the 

dependent variable, multiple linear regression 

was used, applying the coefficient of multiple 

determination (R2) in each Maturational group. 

The analysis that enabled a choice of variables, 

with more intensity with the dependent variable 

within the maturational groups, stepwise 

regression analysis was applied, considering the 

regressive method. The significance level was 

5%. 

 

Results 

Subjects characteristics 

The subject’s characteristics are 

presented in Table 1, showing mean ±SD values 

by maturational group. Significant differences 

were shown between the maturational groups in 

the variables of age, body mass, age of the PHV 

(p <0.01), however for the  height variable 

and %G, differences were found by Tukey post-

hoc tests for the group pre-PHV  in relation to 

mid-PHV and post-PHV, there were no 

differences between mid-PHV and post-PHV. 

The highest maximum speed obtained during a 

soccer match was observed in post-PHV 

participants compared to mid-PHV and pre-

PHV (Table 1). 

 

 

Table 1: Body composition of the young soccer players participating in the study 

 

Variables 

PHV 

Anova 

Pre-PHV Mid-PHV Post-PHV 

Age (years) 13.42±7.14#ⱡ 14.84±0.62 16.77±0.61*# p<0.01 

APHV 15.28±0.43#ⱡ 14.37±0.58 13.78±0.38*# p<0.01 

Height (cm) 153.86±7.14#ⱡ 171.79±5.08 177.71±7.06* p<0.01 

BM (kg) 48.11±6.42#ⱡ 59.39±7.15 67.15±6.49*# p<0.01 

% G 15.18±1.66#ⱡ 13.41±1.67 13.68±2.21* p<0.01 

VmaxM 21.91±2.56#ⱡ 29.77±2.16 32.22±1.79*# p<0.01 

Legend: PHV = Peak Height Velocity; APHV: Age Peak Height Velocity; BM: Body Mass; VmaxM: 

Velocity maximum Match; Tukey post hoc tests; significant differences (p <0.05) between maturational 

groups in relation to Pre-PHV (*); Mid-PHV (#); Post-PHV (ⱡ). 
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Figure 1: Comparison of the parameters of the explosive strength manifestations: a) 

neural component (SJ); b) elastic component (CMJ); c) stretch speed component (DJ); d) 

reflex component (DJ h / t); e) reactive stiffness component (CJ 5s). indicates group 

differences * (p <0.05) and ** (p <0.01). 
 

 

Performance of strength manifestation 

 

This study results revealed that the 

three maturational groups differed in performance of 

strength manifestations, estimated in SJ vertical 

jumping techniques (F = 118.069, p < 0.01), CMJ (F 

= 106.28, p < 0.01), DJ (F = 15.19, p < 0.01), DJ h/t 

(F = 116.02, p < 0.01), and CJ5s (F = 35.48, p < 

0.01).  

As shown in figure 1, the post hoc 

comparison observed significant differences 
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ISSN: 2313-2868         Rev.peru.cienc.act.fis.deporte 

 

2020,7(1):865 - 878 

 

                       

 

 

 
 

between Pré-PHV, Mid-PHV and Post- PHV, for 

four variables of strength estimation: SJ, CMJ, DJ 

and CJ5s. However, no differences were observed 

between during and after Mid-PHV versus DJ h/ t, in 

contrast to Pré-PHV compared to Mid-PHV and 

Post-PHV that differed significantly between both 

groups. 

When comparing the performance of the 

strength manifestation estimated by the jumping 

techniques, lower yields were observed in Pre-PHV 

participants for all parameters compared to the other 

maturational groups, revealing greater differences in 

Post- PHV performance.  

 

Strength production performance 

All performance of the strength production 

parameters were showed significant differences 

between the three maturational groups (Figure 2), in 

relation to the rate of strength production (F = 

171.87; p <0.01), eccentric strength (F = 74.05; 

<0.01), isometric strength (F = 104.52, p <0.01) and 

coupling (F = 30.15, p <0.01). The results revealed 

higher performance for the Post-PHV group than for 

Pre-PHV and Mid-PHV. 

Association of performances 

Multivariate analysis of the associations of 

production parameters and strength manifestations 

with maximum game speed showed three clear 

trends (Table 2). The results presented significant 

coefficients of determination for Pre- PHV and Post-

PHV (p <0.05), revealing the main components of 

coupling and CMJ, respectively for Pre- PHV and 

Post-PHV. However, no significant coefficients 

were demonstrated for the maturity status of Mid-

PHV. 

Relation between speed and strength in the Pre-

PHV  

The maximum speed performance during a soccer 

match showed negative relation with coupling (r = -

0.738; p <0.05). However, no significant 

correlations were found with the other strength 

variables. The relation between strengths showed 

significant positive correlations between all 

manifestations of strength, as well as between the 

parameters of strength production. However, 

significant negative correlations were observed 

between strength productions and coupling (Table 

3). There were no significant correlations between 

the strength production and the strength 

manifestation. 

 

 
 

Figure 2: Comparison of the parameters of strength production: a) rate of strength production; b) 

Eccentric strength; c) Isometric strength; d) Coupling; indicates group differences *(p <0.05) and **(p 

<0.01). 
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Table 2: Association between maximum speed and strength production in young soccer 

players in different maturation groups 

 

Independent 

Variables 
 

Dependent Variable Maximum speed obtained during a soccer 

match 

Pre-PHV Mid-PHV Post-PHV 

Multiple Determination Coeficient  

(R2) 
 0.405 0.172 0.714 

Standard Error QM  6.12 8.09 2.54 

Principal Component  Coupling CJ5s CMJ 

p  0.039 0.082 0.012 

Multiple Correlation Coeficient (R)  0.6362 0.385 0.845 

Legend: PHV = Peak Height Velocity; 

 

Table 3: Correlation coefficient between variables in the Pre-PHV 

 
Variables VmaxM SJ CMJ DJ DJ h/t C5s RSF ES IS C 

VmaxM 

1 --- --- --- --- --- --- --- --- 

-

-- 

SJ 

0.162 1 --- --- --- --- --- --- --- 

-

-- 

CMJ 

0.162 0.821* 1 --- --- --- --- --- --- 

-

-- 

DJ 

0.351 0.725* 0.774* 1 --- --- --- --- --- 

-

-- 

DJ h/t 

0.158 0.696* 0.619* 0.785* 1 --- --- --- --- 

-

-- 

C5s 

-0.040 0.669* 0.553* 0.667* 0.882* 1 --- --- --- 

-

-- 

RSF 

-0.123 -0.102 -0.151 -0.178 -0.090 -0.009 1 --- --- 

-

-- 

ES 

-0.079 -0.211 -0.175 -0.145 -0.185 -0.020 0.709* 1 --- 

-

-- 

IS 

0.079 -0.06 -0.037 -0.010 -0.039 -0.012 0.619* 0.692* 1 

-

-- 

C -0.738* 0.012 -0.089 -0.042 -0.117 -0.079 -0.581* -0.627* -0.711* 1 

Legend: *p<0.05; VmaxM: Velocity maximum Match; SJ: Squat Jump; CMJ: Countermovement Jump; DJ: Drop 

Jump; DJ h / t: Drop Jump high / time; CJ5s: continuum Jump five seconds; RSF: rate of strength production; ES: 

eccentric strength; IS: isometric strength; C: coupling. 

 
 

Relation between speed and strength in the Mid-

PHV  

 Significant positive relations were 

observed between the maximum speed during a 

soccer match with the vertical jump technique CJ5s 

(r = 0.640; p <0.05). However, no significant 

correlations were found with the other strength 

variables. 

The relation between strengths, significant positive 

correlations were observed between some strength 

manifestations, as between some of the parameters 

of strength production; (r = 0.760, p <0.05), DJ x DJ 

h / t (r = 0.677, p<0.05) = P<0.05), DJh / t (r = 

0.911, p <0.05), DJ x CJ5s (r = 0.529, p <0.05). For 

the strength production parameters, relations 

between strength production and eccentric strength 

(r = 0.503, p <0.05), isometric and eccentric strength 

(r = 0.700, p <0.05), eccentric strength and coupling 

r = 0.566, p <0.05), and isometric strength x 

coupling (r = 0.490, p <0.05). There were no other 

significant correlations (p> 0.05) between the 

strength variables (Table 4). 

Relation between speed and strength in the Post-

PHV 

Significant positive relations were observed in the 

Post-PHV group between speed and all strength 

variables. Significant positive relations were 

observed between the strength manifestations and 

between the parameters of strength production, as 

between both (Table 5). However, significant 

negative relations were observed 

between the coupling parameter and 871 
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the vertical jump technique variables in the strength 

estimation. 

 

Table 4: Correlation between variables coefficient in the Mid-PHV group 

 
Variables VmaxM SJ CMJ DJ DJ h/t CJ5s RSF ES IS C 

VmaxM 
1 --- --- --- --- --- --- --- --- --- 

SJ 
-.183 1 --- --- --- --- --- --- --- --- 

CMJ 
-.192 0.818* 1 --- --- --- --- --- --- --- 

DJ 
-.159 0.677* 0.760* 1 --- --- --- --- --- --- 

DJ h/t 
-.195 0.316 0.402 0.582* 1 --- --- --- --- --- 

CJ5s 
0.640* 0.301 0.399 0.529* 0.911* 1 --- --- --- --- 

RSF 
-.195 0.125 0.013 -.024 0.088 0.084 1 --- --- --- 

ES 
0.097 0.086 -.113 -0.019 0.043 -.047 0.503* 1 --- --- 

IS 
-.006 0.030 -.188 -0.093 -.122 -0.083 0.477 0.700* 1 

--- 

C -,122 0,108 -,272 -0,147 -0,069 -,094 0,151 0.566* 0.490* 1 

Legend: *p <0.05; VmaxM: Velocity maximum Match; SJ: Squat Jump; CMJ: Countermovement Jump; DJ: Drop 

Jump; DJ h / t: Drop Jump high / time; CJ5s: continuum Jump five seconds; RSF: rate of strength production; ES: 

eccentric strength; IS: isometric strength; C: coupling. 

 

Table 5: Correlation coefficient between variables in the Post-PHV 

 
Variables VmaxM SJ CMJ DJ DJ h/t C5s RSF ES IS C 

VmaxM 1  --- --- --- --- --- --- --- --- 

SJ 
0.737* 1 --- --- --- --- --- --- --- --- 

CMJ 0.920* 0.927* 1 --- --- --- --- --- --- --- 

DJ 0.815* 0.902* 0.901* 1 --- --- --- --- --- --- 

DJ h/t 
0.810* 0.904* 0.845* 0.953* 1 --- --- --- --- --- 

C5s 
0.819* 0.920* 0.843* 0.941* 0.986* 1 --- --- --- --- 

RSF 0.554* 0.805* 0.894* 0.878* 0.788* 0.749* 1 --- --- --- 

ES 0.608* 0.834* 0.808* 0.723* 0.738* 0.761* 0.829* 1 --- --- 

IS 0.641* 0.873* 0.775* 0.744* 0.714* 0.724* 0.869* 0.861* 1 --- 

C 

-0.675* 

-

0.764* 

-

0.721* 

-

0.791* 

-

0.742* 

-

0.733* 

-

0.828* -0.908* 

-

0.957* 

1 

Legend: *p <0.05; VmaxM: Velocity maximum Match; SJ: Squat Jump; CMJ: Countermovement Jump; DJ: Drop 

Jump; DJ h / t: Drop Jump high / time; CJ5s: continuum Jump five seconds; RSF: rate of strength production; ES: 

eccentric strength; IS: isometric strength; C: coupling. 

 

Discussion 

The main discovery of the present study was 

that the variation in the statistics of the maximum 

speed performances, obtained during a football 

match with young players, is detailed by a 

combination of parameters of the strength 

production and some strength manifestation’s 

estimates measured by vertical jump tests inside the 

protocol of somatic maturation. 

In comparing maturational groups, 

significant differences were perceived, mainly about 

the maximum speed attained in a soccer match, and 

the performances of strength, both in the one 

estimated by manifestations of strength as in the one 

dimensioned by strength production’s parameters. 

This revealed that the Post-PHV group exhibit 

superior performance in comparison 

to others. Growth of maturation has 872 
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reflected in substantial rise in strength and speed 

performance in all groups – this was reported also in 

some other researches 32,34,35,40,42,44.   

Analysis has shown three different 

tendencies about how the trend behaves on the 

determination of strength influence in the maximum 

speed during a match in distinct maturational groups. 

In the first course, the strength attributes have a 

moderate weight in speed performance for the Pre-

PHV group. In the second trend, strength had a 

minor determination on the speed in the group in 

Mid-PHV, yet it was not significant. Ultimately, in 

the third trend, there was a distinguished variable 

with major influence upon the speed by the strength 

in the Post-PHV group. 

 

Influence of strength performance in the speed to 

Pre-PHV group. 

 

Results of multiple regression have 

indicated significant explanation of 40,48% 

(Multiple Determination Coeficient, R2=0.4048) of 

the strength generation performance and its 

manifestations in vertical jump tests, that predicts 

influences upon speed in soccer matches on Pre-

PHV group. The strength behavior explained some 

variations from the motion to stabilization of the 

movement, which was the primary predictor of 

velocity performance.  

This may reflect the more dynamic nature of 

these tasks, especially in the case of the maximum 

speed of movement during the game, and causes a 

greater need for unilateral stabilization skills and 

mechanisms of equilibrium movement to efficiently 

perform shifts in agility movements, accelerations 

and running speed1,35,44. Interestingly, the stability of 

the motion contributed to explain the variation in the 

performance of the maximum velocity during the 

start in the Pre-PHV group. It appears that these 

youngsters in the present study may not have the 

necessary motor coordination and strength to 

effectively guide, stabilize and apply strength 

through their lower limbs16,35. 

The results have indicated that somatic maturation 

still have some relevance, although being small or 

moderate, in explaining the fluctuation associated 

both in the strength generation to optimize 

maximum speed during a match, as well as to 

increase its power through the manifestations of 

strength. Therefore, suggesting that the performance 

in both of them related to the maturational status4,44. 

This notion is also portrays in the high to 

moderate connexion (r=0,553 a 0,882; p<0,05) 

between the vertical jump techniques, such as 

strength output (r=-0,581 a 0,711, p<0,05), which 

suggests that different neuromuscular qualities for 

squatting and jumping31,32,33,34,35 are required both to 

potentiate jump heights31 and to stabilize movement 

independently [35]. 

This study has shown that selected vertical 

jump tests can explain a part of the variation on the 

speed performance in young soccer Mid-PHV. Such 

variation is cognized in low speed and strength 

performances in boys who approach PHV caused by 

problems in motor coordination19,44,51. That is, they 

require age-related neuromuscular adaptations for 

the function of cycle stretching and shortening28,31, 

specifically, enhanced levels of pre-activation of 

eccentric strength in the concentric phase of vertical 

jump38, and musculotendine stiffness28.  

 

Influence on strength performance in speed to the 

group Mid-PVC  
 

Analysis upon multiple regression did not 

revealed substantial influence in strength 

performance, under the maximum speed in a soccer 

match for the group Mid-PHV. The results conclude 

that there is an interesting phenomenon occurring 

during PVC: there were significant differences in the 

performance of the maximum speed during a match 

in this maturational group. However, it has found 

low influences of determination of the production 

and manifestation of strength associated with the 

changes of the maximum speed during a game in 

young soccer players.  

A possible explanation for this phenomenon 

existence is that there is periods of morphological, 

neurological, hormonal and muscle adaptations in 

young players. That can be associated to a time of 

biological settings, which provides low relevance in 

strength performance on speed and reflects in a non-

linear performance of children and adolescents36,37. 

Some links within the strength 

manifestations estimated by vertical jump techniques, 

found by this study, are related to the proximal 

components, such as: the relation of SJ with CMJ; 

CMJ with DJ; DJ com DJh/t and CJ5 seg, DJh/t with 

CJ5seg. On the other hand, in the production of 

strength, significant relations were found between 

the rate of strength output with eccentric strength, 

isometric strength with itself, and isometric strength 

with stability strength. 

This finding is associated with periods of 

sensivity and specificity20 in some components of 

production, after this stage changes occur in its 

development. One of the characteristics presented in 

this period is the possibility of a temporary 

interruption in the performance of motor 

control3,51,53. This may determine that the 

phenomenon is associated with the increase of the 

accelerated body size, the height and 

the length of lower limbs]. 31,40,41  
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Such changes concerning physical growth 

would be expected, as part of a natural rise and 

development36,37. Consequently, that may have been 

temporarily restricted, as players adjusted to perform 

motor skills with longer limbs21, 45. 

Increases in velocity performance are more 

likely attributed to changes in tendon muscle 

characteristics during maturation, especially in this 

group Pre-PHV (ie at the time of growth spurt). This 

may include modifications relevant to increase 

cross-sectional area of muscle39,46, fascicle 

lengths25,26, muscle-tendon junction size29 and 

stiffness47, adjustments in muscle balance in the 

relationship between contraction of the agonist-

antagonist muscles15, adaptations of the pre-

activation of both the eccentric strength in the 

concentric phase of the vertical jump38 and the 

increase in recruitment of motor units21,22,29,38, and 

speed of contraction30, adaptations in the elastic 

properties of the tendon25,26, and age-related 

increases in tendon muscle rigidity28 are in perios of 

adaptation due to changes in body dimensions.   

Analysis in multiple regression revealed that 

CJ5seg was the main predictor of the variance in 

maximum speed performance during a football 

match. The results suggested that the manifestation 

of strength presents a certain degree dependent on 

maturity; these changes are attributable to 

development and learning, and modifications as a 

consequence of growth and development 

processes19, as well as in the great stability 

adjustments in vertical jumping movements13, in 

which jumps52 are more representative in the fast 

elongation and shortening cycle activities due to 

their need for pre-activation, use of stored elastic 

energy, neuromuscular potentiation29, and stretch 

reflex mechanism26,50. 

  

Influence in strength performance on speed to 

Post-PHV group. 

 

Specifically, it can be considered that 

maturation was the strongest predictor of maximum 

speed performance during a match, while strength 

performance explained the greater amount of Post-

PHV variation in both strength production and 

performance demonstration of the estimated strength 

in vertical jumps tests.  

It may be suggested that maturation was 

found to explain the greater variation in strength 

performance in the performance of velocity, may 

simply reflect the hormonal changes44,46,55, and 

consequent adaptations in muscle size and function 

influenced by maturity44,46,55, as adaptations of other 

neural components14,29, elastic25,47, 

elastic/reflex31,32,33, of the complex muscle tendon 

and stiffness28,31, but they also influenced by the 

strength production that stabilize the coupling, to 

generate a higher rate produced with a certain power 

(rate of strength production) with certain safety in 

the explosive actions35, both to increase the eccentric 

potentiated strength of the muscles and the isometric 

one that support the muscle tendon complex.  

This suggests that the period immediately 

following the peak velocity of height seems to be a 

naturally occurring accelerated development phase 

and may be an opportune time to improve physical 

performance33. 

Results show an excellent determination of 

the performance of the strength parameters and the 

indicators of the strength manifestations estimated 

by the jumping techniques on the speed, suggesting 

the influence of the strength in the improvement of 

the velocity related to the maturity observed in the 

Post-PHV period [14], that may facilitate improved 

technical efficiency and strength application during 

commuting, resulting in greater speed in young 

soccer players after PHV. 

Limitations 

A limitation of this study was the procedure 

used to delineate the division of maturational 

groups, with a 1-year interval, before and after the 

largest growth spurt (± 1 year). Another limitation 

was the impossibility of controlling the factors that 

interfered in soccer matches. In addition, the 

generalization was restricted, for all the participants 

were male and pro soccer players. 

Future studies will be necessary for a 

methodological outline that can make use of 

maturational groups with a shorter time of peak 

height velocity, using feminine sex in sample 

participation, as well as soccer players with 

qualification of different competitive levels: amateur 

and recreationist. Further research would be 

essential in order to evaluate the influence of body 

composition, bone mass on maximal velocity 

performance during a match in young soccer players 

throughout maturation, which could provide further 

evidence on how best to improve these capabilities. 

As this study has demonstrated, there is evidence 

that the maximum speed performance during a 

football match is directly influenced by the status of 

maturity, whose impacts may be considered as a 

determinant factor in the strength performances’ 
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capacities in Pre-PHV and Post-PHV, however not 

in the Mid-PHV group.  

The results indicate that the productions parameters 

and strength manifestations are decisive in the 

maturity status in young soccer players during 

periods of Pre-PHV and Post-PHV, yet they may not 

discern in during-PVC period. Notably, Pre-PHV 

groups had moderate relations in the strength 

performance, although isolated between strength 

production and its manifestations; Mid-PHV group 

had a low link, with some sparse relations between 

variables of strength in seclusion; also Post-PHV 

group was associated with considerable high relation 

for strength performance. 

. 
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