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Abstract – Maturation interferes with physiological and mechanical aspects of muscle contrac-
tion. The aim of the present study was to compare the efficiency of the stretch-shortening cycle 
(SSC) between different maturation stages. One hundred forty six young people, with 72 boys 
and 74 girls, were recruited to participate in the study. Sexual maturation was measured and the 
group was stratified into adolescents (> 3 auto-tanner) and children (<2 auto-tanner). Squat 
jump (SJ) and countermovement jump (CMJ) performance were measured to measure reactive 
force (RF) capacity, eccentric utilization ratio (EUR) and pre-stretch augmentation (PSAP). 
The children did not present statistical difference between SJ and CMJ (t(55)= -1.93; ∆ = -0.61; 
95% CI = -1.24 to -0.02; p = 0.058), while the adolescents presented higher performance of 
CMJ (t(89)= -12.28; ∆ = -2.44; 95% CI = -2.84 to -2.05; p <0.001). In addition, adolescents had 
higher RF performance (t(144)= 5.18; p <0.0001; 95% CI = 2.53 to 1.13), PSAP (t(144)= 4.38; p 
<0.0001; 95% CI = 14.00 to 5.29) and EUR (t(144)= 4.38; p <0.0001; 95% CI = 0.14 to 0.05). 
We conclude that more mature young people have better SSC utilization.
Key words: Muscle contraction; Athletic performance; Plyometric exercise; Sexual matura-
tion; Puberty.

Resumo – Maturação interfere em aspectos fisiológicos e mecânicos da contração muscular. O objetivo 
do estudo foi comparar a eficiência do ciclo alongamento-encurtamento (SSC) em diferentes estágios 
maturacionais. Cento e quarenta e seis jovens, sendo 72 meninos e 74 meninas, foram recrutados 
para participar do estudo. Maturação sexual foi mensurada e o grupo foi estratificado em adolescentes 
(≥ 3 e crianças (< estágio 2). Salto estático (SJ) e o salto contramovimento (CMJ) foram utilizados 
para mensurar a força reativa (RF), razão de utilização da excêntrica (EUR) e aumento do pré-
-estiramento (PSAP). As crianças não apresentaram diferença significante entre SJ e CMJ (t(55)= 
-1.93; ∆ = -0.61; 95% CI = -1.24 to -0.02; p = 0.058), Enquanto que os adolescentes apresentaram 
maior desempenho de CMJ (t(89)= -12.28; ∆ = -2.44; 95% CI = -2.84 to -2.05; p <0.001). Em adição, 
adolescentes apresentaram maior RF (t(144)= 5.18; p <0.0001; 95% CI = 2.53 to 1.13), PSAP (t(144)= 
4.38; p <0.0001; 95% CI = 14.00 to 5.29) e EUR (t(144)= 4.38; p <0.0001; 95% CI = 0.14 to 0.05). 
Nós concluímos que jovens com mais maturados apresentam maior capacidade de utilização do SSC.
Palavras-chave: Contração muscular; Desempenho atlético; Exercício pliométrico; Maturidade 
sexual; Puberdade.
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INTRODUCTION  

Jump is a human movement that requires complex motor coordination 
between the upper and lower body segments1. The jump action has been 
widely used as an important method to estimate the potency of lower 
limbs2,3, since the vertical jump presents an excellent practical applicability 
in the sporting sphere by simulating specific actions of game. Thus, jump is 
a widely used method that is easy to perform, non-fatiguing and requires a 
minimum of familiarization, but which can provide valuable information 
about the capabilities of the stretch-shortening cycle (SSC) in athletes4

The SSC is used in actions of jumps and sprints and is constantly 
studied in the science of the sport by its capacity to potentiate concentric 
actions after eccentric actions5. The elastic potential is transformed into 
mechanical energy so that performance maximization occurs with a lower 
metabolic cost and lower electromyographic activity6,7. A commonly used 
method for accessing the SSC is the jump height1, from the squat jump (SJ) 
and the Countermovement jump (CMJ). Based on the use of the vertical 
jump, it is possible to estimate the percentage of increase of pre-stretching 
{(CMJ - SJ) * (SJ) -1 * 100} and reactive force (RF) (RF = CMJ - SJ)8,9. 
Although the equations disregard the time domain in jump capacity, it has 
been confirmed that the reactive force has strong relation to the reactive 
force index (i.e., time domain computation)10.  

In fact, the scientific literature has reported that actions involving 
SSC efficiently can produce higher performance of fast force and power. 
However, it has recently been suggested that SSC is developed throughout 
the maturation process and, therefore, youngsters in the early stages of the 
maturation process have lower cycle efficiency11. The data from the studies 
have indicated that adults have a greater capacity for SSC potentiation, 
and consequently, jump performance with the use of countermovement 
when compared to children5.

Several biomechanical and physiological factors can influence SSC 
efficiency throughout the maturational process. Among them, the lit-
erature highlights a greater tendon stiffness in young adults (~ 22 years) 
compared to juniors (~ 13 years)12, a greater stretch reflex in young adults 
when compared to prepubescent children13 and a decrease in co-contrac-
tion during walking in children aged 7 to 16 years14. In addition to the 
increase in muscle volume and the percentage of fast contraction fibers 
from childhood to adulthood15.

Changes related to biological individuality may occur within the 
youth’s own development process. Thus, coaches and sports scientists 
should be aware of these characteristics of the SSC (i.e., biomechanical, 
and physiological) for individualization of the prescription and periodiza-
tion of the training, as well as be applied in the evaluation and diagnosis 
for performance. Therefore, the aim of the present study is to compare 
the stretch-shortening cycle efficiency in youngsters of different stages of 
maturation. Hypothesizing that children in a more accelerated maturation 
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stage will present greater stretch-shortening cycle efficiency.

METHODS

Participants
The sample of the present study consisted of 146 youths, with 72 boys and 
74 girls (see table 1) recreationally. The sample was divided into 2 groups 
stratified by the stage of sexual maturation, 56 children were allocated in 
the early stages (children) and 90 in the more advanced stages (adolescents). 
Participants were selected in a social project that encourages the practice 
of various sports modalities throughout the year, with training sessions 
conducted 2x / week. Participants who did not suffer muscle damage in the 
last 6 months, attended the project assiduously (> 85%) and delivered the 
terms of assent and free and informed consent. Participants who completed 
creatine supplementation, underwent structured training in conjunction 
with the project or who opted out of the study were excluded from the 
sample. The study was approved by the local research ethics committee 
(CAAE: 1249937/2015) and followed the ethical principles recommended 
by the Declaration of Helsinki (2008). All participants and their guardians 
were verbally informed about the risks and benefits of the research. All 
participants signed the free and informed consent form and their guardians 
signed the free and informed consent form.

Procedures
Participants made two visits to our laboratory and were instructed not to 
perform vigorous activities within 48 hours prior to testing. On the first 
day a meeting was held with the youth, parents or guardians to explain the 
research procedures and to carry out the process of familiarization with 
the evaluation procedures, in addition to performing the assessment of 
body capacity through dual energy radiographic absorptiometry (DEXA) 
for characterization. On the second day, the anthropometric assessments, 
the stage of sexual maturation and the measurements of the physical tests 
were performed. The chronological age of participants was calculated from 
the sum of all months of life from birth to the day of collection divided 
by twelve. After the initial conversation, the participants were taken to a 
particular room where a mirror was attached to the wall next to a picture 
that contained the figures representing the 5 stages of sexual maturation. 
The participant was informed that he would enter the room alone to be 
able to observe and judge the most coherent option, by ticking the option 
on the board. The same was withdrawn from the room by a door opposite 
the entrance, to avoid contact with the others, and were directed again to 
the laboratory to evaluate the mass by means of the balance of precision 
of 100 grams (SANNY®), followed by the evaluation of the stature by a 
stadiometer with a precision of 0.1 millimeters (SANNY®ES2020®, São 
Paulo, Brazil) and then the vertical jump tests were performed. 
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Measures
For the measurement of sexual maturation, a drawing board showing 5 
developmental figures of the breasts and / or genitalia and those of girls and 
boys16,17 was used. We adopted the self-evaluation model for the present 
study, which was previously demonstrated with high reliability (r = ~ 0.80 
- 0.91%) with the medical evaluation model, for boys and girls, when using 
the hair evaluation model puberty18. Following the operational definitions 
of Myer et al.19, participants were divided into 2 distinct groups based on 
sexual maturation. Those in stages 1 and 2 were called children and those 
who were in stage 3 or higher were called adolescents.

A Cefise® contact platform connected to the Jump Test Pro 2.10 
software was used to measure jump height (São Paulo, Brazil). The jump 
tests were performed using the Jump System Pro jump platform with sys-
tem-specific software (CEFISE®). Physical evaluations were preceded by 
standardized pre-heating consisting of low intensity races, stretches and 
jumps. The protocol consisted of 6 jumps, 3 SJ and 3 CMJ, performed in 
an intercalated way with 30 seconds rest between each jump. Both vertical 
jump versus movement (ICC = 0.97, 95% CI = 0.94 to 0.98) and vertical 
jump (ICC = 0.97, 95% CI = 0.94 to 0.98) achieved good reproducibility 
measures. The squat jump was performed with the participant starting 
from an initial 90° crouching position, with hands fixed at the waist and 
parallel feet. Participants took a signal from the evaluator after ~ 3-s in a 
static position to dissipate the energy potential of the eccentric phase of 
the movement. The jump action consisted of a single concentric action, 
without realizing a new descending phase of the center of gravity. The ver-
tical jump against movement was performed with the participant standing 
with parallel feet and hands fixed at the waist. An eccentric action was 
performed at a self-selected depth to maximize jump height followed by 
concentric action at the highest and fastest velocity possible for SSC use. 
The best performance of each jump was used for analysis. The reactive force 
[RF] was obtained by subtraction of the vertical jump against movement by 
the squat jump without against movement [FR = CMJ – SJ]8. Pre-stretch 
augmentation (PSAP) was obtained from the equation (CMJ - SJ / SJ-1 
* 100)9. Eccentric utilization ratio (EUR) was calculated from the jump 
performance ratio (CMJ / SJ)20.

Statistical Analyses
The normality of the data was tested using the Shapiro-Wilk test and z-
score of asymmetry and kurtosis (-1.96 to 1.96). Sexual maturation was 
stratified in children (figure ≤ 2) and adolescents (figure ≥ 3). The t-test for 
independent samples was used to compare the means of SJ vs SJ, CMJ vs 
CMJ, RF vs RF, PSAP vs PSAP and EUR vs EUR between groups. The 
t-test for paired samples was used for SJ vs. CMJ comparisons within the 
same group. The Mann-Whitney U test was used to compare the group 
that used SSC efficiently versus the group that did not use it. A significance 
level of 5% was adopted for all analyzes.
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RESULTS

Table 1 shows the description of the sample. Adolescents were older (t(140.65) 
= -7.36; p <0.001; 95% CI = -3.21 to -1.85), as well as higher mass (t(144) = 
-5.68; p <0.001; 95% CI = -14.57 to -7.05), height (t(144) = -8.43; p <0.001; 
95% CI = -0.18 to -0.11) and BMI (t(144) = -2.46; p <0.001; 95% CI = -2.14 
to -0.23). While there was no difference for fat mass (t(144) = -1.24; p = 
0.215; 95% CI = -2.75 to 0.62), a statistical difference was found for lean 
mass (t(132.25) = -6.97; p <0.001 95% CI = -12.18 to -6.62).

Table 1. Descriptive analysis of the sample (mean ± standard deviation).

Children Adolescents P-value

Age 11.33 ± 1.73 13.86 ± 2.40 > 0.001

Weight (kg) 37.42 ± 11.88 48.24 ± 10.71 > 0.001

Height (m) 1.44 ± 0.10 1.59 ± 0.10 > 0.001

Body mass index 17.55 ± 3.27 18.74 ± 2.53 0.015

Fat mass 11.19 ± 5.32 12.25 ± 4.81 0.215

Lean mass 24.47 ± 7.32 33.86 ± 8.79 >0.001

Figure 1 presents the comparison of CMJ and SJ performance between 
the same subjects. The children showed no statistical difference between the 
jumping actions (t(55) = -1.93; ∆ = -0.61; 95% CI = -1.24 to -0.02; p = 0.058; r 
= 0.79). The adolescents presented statistical difference between the jumping 
actions (t(89) = -12.28; ∆ = -2.44; 95% CI = -2.84 to -2.05; p <0.001; r = 0.97).

Figure 1. Comparison between performance in different types of jumps stratified by maturation stage.

Figure 2 describes the comparison between jumping performance 
between children and adolescents. The data show no statistical difference 
for SJ (t(144) = 1.065; p = 0.289; 95% CI = -2.76 to 0.83), while CMJ showed 
a difference between groups (t(144) = 3.106; p = 0.002; 95% CI = 4.59 to 
1.02). In addition, the reactive force (t(144) = 5.18; p <0.0001; 95% CI = 
2.53 to 1.13), PSAP (t(144) = 4.38; p <0.0001; 95% CI = 14.00 to 5.29) and 
EUR (t(144) = 4.38; p <0.0001; 95% CI = 0.14 to 0.05) showed significant 
differences between the groups.
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Figure 2. Efficiency of the stretch-shortening cycle at different stages of maturation.

Figure 3 shows an individual efficiency analysis of the stretch-short-
ening cycle. 39.3% of the children showed no gains in jump performance 
after using the eccentric phase. For the group of adolescents, only 13.3% 
showed no gains after using the SSC.

Figure 3. Analysis of participants making efficient use of SSC.

Table 2 reports the comparison between participants who use and do 
not use SSC efficiently stratified by maturity stage. Among children, it 
was identified that the group that uses SSC efficiently is older (U = 576; p 
= 0.001) and taller (U = 532; p = 0.008). There was no statistical difference 
between adolescents.

DISCUSSION

The maturation process promotes several changes in the body, repercus-
sions on physical valences that are determinant for sports performance and 
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dependent on the use of the stretching-shortening cycle. Therefore, the 
hypothesis of the present study was that the adolescents presented greater 
SSC efficiency. In our study it was identified that the SSC seems to be 
more effective in adolescents who went through the puberty process than 
in prepubescent children. In addition, it was identified that the propor-
tion of subjects who are not able to enhance performance after SSC use 
decreases throughout the maturation process. Among children, the group 
that does not have efficient use is younger and has shorter stature, whereas 
in adolescents the ability to use SSC seems not to be associated with body 
composition and maturation.

The data of the present study report that children do not present statis-
tical differences between the SJ and the CMJ, while the adolescent group 
obtained better performance for the CMJ (Figure 1). The main difference 
between the actions of the jump is the eccentric action in the CMJ, whereas 
the period in isometry in the SJ dissipates the energy in the form of heat21 
before the concentric action. Literature reports that adults can improve their 
jumping performance by 18-30% with SSC action, while children only 
improve by about 1-5%5,22. When we compared the performance by sexual 
maturation, the children ones showed an improvement of ~3% while their ad-
olescent pairs improved performance by ~12% (data from the present study). 

A previous study has shown that during jumping action there is 
greater variability during the eccentric phase of movement, especially for 
pre-growth young growth23. The authors suggest that this phase requires 
high motor control, so children would be more harmed than their older 
peers. Moreover, the eccentric phase is essentially required for the storage 
of potential energy for subsequent concentric action6,7.

Morphological and neural factors are the main justifications for the de-
velopment of SSC function according to the maturation process. A greater 
tendon stiffness was found in young adults compared to adolescents12, a 
greater stretch reflex (18%) in young adults when compared to prepubescent 
children13 and a decrease in co-contraction during walking in children aged 
7 to 16 years14. In addition to the increase in muscle volume and the per-
centage of fast contraction fibers from childhood to adulthood15. Although 
the number of longitudinal studies aimed at verifying the maturation of 

Table 2. Comparison between participants who use and do not use SSC efficiently stratified by 
maturity stage.

Children Adolescent

Inefficient
(n= 22)

Efficient 
(n= 34)

Inefficient 
(n= 12)

Efficient 
(n= 78)

Age 10,70 (1,65) 11,58 (1,11)a 14,55 (1,80) 13,22 (4,14)

Weight (kg) 34,20 (8,50) 33,20 (15,77) 49,30 (15,30) 46,80 (13,50)

Height 1,43 (0,13) 1,48 (0,11)a 1,58 (0,09) 1,60 (0,14)

Body mass index 17,31 (3,44) 16,27 (4,34) 18,87 (2,87) 18,48 (3,67)

Fat mass 11,04 (5,25) 9,02 (5,98) 9,31 (10,82) 10,73 (5,63)

Lean mass 21,43 (4,34) 23,73 (6,20) 32,85 (11,85) 32,45 (13,61)

Note. a Statistical difference for inefficient children (p < 0.01).
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neuromuscular tissue is scarce, the case-control studies suggest that there 
is a maturation process, and it is favorable to use the SSC11. 

Still in our study, it was identified that there are young people who are 
not able to use SSC to enhance performance. Although the proportion of 
cases decreases throughout the maturation process, there are cases among 
children and adolescents. In children, participants who had the ability to 
use SSC are older, as well as stature. However, there was no difference 
between adolescents. The maturation process can influence the use of 
SSC in the early stages of puberty. The inefficiency of adolescents may be 
associated with motor experience and / or training experience since power 
training is a means of developing the stretching-shortening cycle24.

Activities involving SSC of muscle activation are intrinsic to exercise 
and sports efforts26, as well as being a basis for understanding training 
methods such as plyometrics. This may justify the lower trainability of 
prepubescent children when compared to the pubescent and pubescent 
children27,28. Studies have shown that less mature children are less responsive 
to training, and that a volume overload does not appear to promote more 
positive responses in children29,30. Therefore, it is likely that due to matura-
tional factors, children are less responsive to training methods that use SSC. 
Thus, the primary goal of training should be learning aspects of the exercises 
and not necessarily immediate physical performance gain. Furthermore, 
we suggest studies that evaluate not only the effect of maturation on youth 
trainability, but also that verify the efficiency of the stretch-shortening cycle 
as a confounding factor in adapting to plyometric training.

As a limitation of our study, the way of measuring SSC efficiency may 
bias our analysis. However, although the calculation for reactive force 
measurement (CMJ - SJ) disregards a primary component for actions 
related to SSC (i.e., time of action), it was shown that among the calcula-
tions described in the literature (i.e, stretch and eccentric utilization ratio) 
is the variable that is most related to the measurement of the reactive force 
index (i.e., equation with jump and time domain)10. 

CONCLUSION

The present study demonstrated that youngsters at a more mature stage 
of maturation have greater stretch-shortening cycle efficiency and con-
sequently present better performance for actions that use the cycle when 
compared to youngsters with delayed maturation. Moreover, we show that 
there are not able to use SSC to enhance jumping action. Our data have 
the potential to guide and plan the training and evaluation processes that 
make use of the stretching-shortening cycle for children.
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