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ABSTRACT

Futsal is a sport that involves motor actions with high intensity and short duration, especially vertical jumps
and sprints, which require fast application of strength and speed. The evaluation and training of these physical
capacities is a routine practice of coaches, especially in the base categories, which are the entry point for many
children and adolescents aiming for a professional career in futsal. With regard to the training of this public,
puberty is a factor that must be considered, as a natural biological process involving several bodily transforma-
tions that can influence the performance of these physical capacities, especially considering that the categories
are divided by chronological age, which does not always correspond to pubertal age. The objective of this
study was to conduct a literature review of body modifications during puberty, and how these can affect the
aspects that determine good performance in jumps and sprints. It was verified that this phase is associated with
hormonal changes, an increase in muscle mass, and anthropometric aspects, as well as the maturation of the
neuromuscular functions and refinement of the more complex motor activities, such as locomotion. Together,
these factors can favor the fast application of force, and better performance of these players in terms of motor
activities. However, it is important to emphasize that although these factors increase and naturally favor the
players’ performance in terms of strength and speed, it is a phase in which specific types of training focused
on the aspects that determine good performance are fundamental to increase these capacities and diminish
other aspects that also occur with the bodily development, such as a transient decrease in motor coordination
and balance due to the rapid growth spurt, and tissue stiffness, which can sometimes occur during this period.
Level of evidence V; Expert Opinion.

Keywords: Puberty; Muscle strength; Physical performance.

RESUMO

Ofutsal é um esporte que envolve acées motoras de alta intensidade e curta duracdo, principalmente, saltos verticais
e sprints que exigem rdpida aplicagdo de forca e velocidade. A avaliagdo e o treinamento dessas capacidades fisicas
fazem parte de uma prdtica rotineira de treinadores, especialmente, das categorias de base, em que hd o ingresso de
muitas crian¢as e adolescentes que pretendem seguir uma carreira profissional no futsal. Em relagéo ao treinamento
desse publico, a puberdade é um fator que deve ser considerado como um processo biolégico natural envolvendo
diversas transformagées corporais que podem influenciar no desempenho dessas capacidades fisicas, principalmente,
considerando que as categorias séo divididas pela idade cronoldgica que nem sempre corresponde a idade puberal.
O objetivo desse estudo consistiu em realizar uma reviséo da literatura em relacéo as modificacées corporais durante
apuberdade e como as mesmas podem afetar os aspectos que determinam o bom desempenho em saltos e sprints.
Foi verificado que essa fase estd associada a alteracoes hormonais, aumento da massa muscular e aspectos antropo-
métricos, assim como o amadurecimento das fungées neuromusculares e refinamento das atividades motoras mais
complexas como alocomocao. Juntos, esses fatores podem favorecer a rdpida aplicagéo de forca e maior rendimento
desses jogadores quanto as atividades motoras. Entretanto, é importante ressaltar que, embora esses fatores aumentem
e favorecam naturalmente o desempenho de forca e velocidade dos jogadores, essa é uma fase em que tipos espe-
cificos de treinamento focados em aspectos que determinam o bom rendimento sdo fundamentais para aumentar
essas capacidades e diminuir outros aspectos que também podem ocorrer com o desenvolvimento corporal, como
por exemplo, a diminui¢éo tempordria da coordenagdo motora e equilibrio devido ao pico de crescimento e a rigidez
tecidual que, algumas vezes, podem ocorrer durante esse periodo. Nivel de evidéncia V; Opinido de Especialista.

Descritores: Puberdade; Forca muscular; Desempenho fisico.

RESUMEN

El futsal es un deporte que abarca acciones motoras de alta intensidad y corta duracion, principalmente, saltos
verticales y sprints, que exigen rapida aplicacion de fuerza y velocidad. La evaluacién y entrenamiento de estas
capacidades fisicas forman parte de una prdctica rutinaria de entrenadores, especialmente de las categorias de
base, en que hay ingreso de muchos nifos y adolescentes que pretenden sequir una carrera profesional en el futsal.
Con relacion al entrenamiento de ese publico, la pubertad es un factor que debe ser considerado como un proceso
bioldgico natural involucrando diversas transformaciones corporales que pueden influenciar en el desempeno de esas
capacidades fisicas, principalmente, considerando que las categorias son divididas por la edad cronoldgica que no
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siempre corresponde a la edad puberal. El objetivo de este estudio consistid en realizar una revision de la literatura
con relacién a las modificaciones corporales durante la pubertady cémo pueden las mismas afectar los aspectos que
determinan el buen desemperio en saltos y sprints. Se verificd que esta fase estd asociada a alteraciones hormonales,
aumento de lamasa musculary aspectos antropomeétricos, asi como la madurez de las funciones neuromusculares y
refinamiento de las actividades motoras mds complejas como la locomocién. Juntos, estos factores pueden favorecer
la rdpida aplicacién de fuerzay mayor rendimiento de estos jugadores cuanto a las actividades motoras. Entretanto,
es importante resaltar que, aunque estos factores aumenten y favorezcan naturalmente el desempefio de fuerza y
velocidad de los jugadores, esta es una fase en que tipos especificos de entrenamiento enfocados en aspectos que
determinan el buen rendimiento son fundamentales para aumentar esas capacidades y disminuir otros aspectos que
también pueden ocurrir con el desarrollo corporal, como por ejemplo, la disminucidn transitoria de la coordinacion
motora y el equilibrio debido al pico de crecimiento, ademds de la rigidez tisular que, algunas veces, pueden ocurrir

durante ese periodo. Nivel de evidencia V; Opinién de Especialista.
Descriptores: Pubertad; Fuerza muscular; Desemperio fisico.
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INTRODUCTION

Futsal is an intermittent sport, with the highest percentage of fre-
quent and decisive high-intensity and short-term playing actions, called
straight line sprints (SLS). Other tasks include change of direction sprints
(CODS) and movements such as kicks and jumps.' These tasks depend
mainly on strength and speed as fundamental physical capabilities for
success in these movements.' The player who has a high ability to build
muscle fibre, neuromuscular coordination and use potential elastic
energy (PEE), in addition to motor coordination and developed body
balance, can present better performance and positional advantages over
the opponent, with efficient scoring and anticipation in decisive play.??

For this reason, the search for better performance in modalities that
require this characteristic, such as futsal, has made the evaluation of these
physical capacities fundamental to guide athletes' training, aiming to
improve the players'performance on court,** especially in young athletes.
The number of children and adolescents involved with the sport is gro-
wing steadily in Brazil, and many of these start in sports schools aiming
at a professional career in the sport, which is why systematic training has
become a requirement to develop these players' performance®

Regarding the responses to training in young athletes, one factor
to consider is the process of puberty that affects these individuals.
Puberty is a period in which morphological growth and changes in
the body’s functional characteristics are intense and rapid.® During
puberty, neural functions mature,” testosterone and growth hormone
production increases,® and anthropometric aspects’ and muscle mass
develop.'® Considering that these factors, closely linked to the puberty
process, directly affect the production of force' and velocity,'? it is
believed that they can interfere with sports motor movements such as
the performance of jumps and sprints in this phase,' tasks frequently
performed in sports modalities that present high demands of power
output and speed performance, such as futsal.’

In the sports context, players are grouped by chronological age,'*
which does not necessarily correspond to the same pubertal stage. This
makes it common to find athletes at different stages of puberty, which
can directly influence performance of the sport’s specific motor move-
ments, within the same basic category.”To the best of our knowledge,
studies demonstrating the effects of puberty on the motor actions
present in futsal are scarce. Such an analysis would need to consider
that major body transformations during puberty result in changes in
strength and speed performance.”® Thus, the aim of the present study is
to verify through a literature review how changes resulting from puberty
may be reflected in the performance of jumps and sprints in players in
young futsal players.
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Futsal and game characteristics

among indoor sports, futsal is one of those with the highest participa-
tion and popularity.'® Official matches take place on a 40x20m court with
a play duration of 40 minutes divided into two 20 minute periods."” The
evolution of different aspects of futsal (rules, physical demands, tactics,
etc) has seen athletes'preparation undergo changes in order to meet the
new demands imposed by the game.'® In futsal, the main characteristics
of actions are short-term intense physical efforts, with an emphasis mainly
on physical strength and speed, such as kicks, jumps and sprints, tasks
that differentiate athletes with the best performance during a game.!

SLS represent up to 11 per cent of this distance in runs of up to
20m, with speeds over 18.3 km.h'. CODS are present in 74 per cent of
the game actions,'”! along with vertical jumps which, as well as sprint
performance, require the futsal athlete to produce force more quickly.'
Although these values refer to the adult category, it is possible that this
behaviour is similar in the basic categories. Many players start in the
grassroots category during adolescence, aiming at a professional career
in the sport and to stand out early in competitions,” which stimulates
the improvement of physical skills through systematic training, aiming
to improve the performance of these athletes.3#

Regarding these players'response to training, one factor to consider
during adolescence is the pubertal process that affects these indivi-
duals. In the sports context, the players are grouped into categories by
chronological age with two years in each group.™ Considering that the
age of the individual does not necessarily correspond with the pubertal
stage, this suggests that individuals in different pubertal stages within
a category may present different performances in the specific motor
movements of the modality, and that prepubertal individuals do not
necessarily present a lack of ability in the sport.#2°

Jump performance

in the sports context, vertical jumping tests are widely used for
training?'?? and evaluation of muscle strength and lower limb power
through the jumping height reached, the squat jump (SJ) and coun-
ter-movement jump (CMJ) being the main vertical tests used in the
literature.?'?> Vertical jumps involve lower limb actions at maximum
effort intensity in a short time interval for force generation.?®?’ SJ and
CMJ execution techniques are widely described according to the stan-
dardizations initially proposed by Komi and Bosco?® and commonly
adopted in other studies.?"

During both jumps (SJ and CMJ), the subject, with hands on the
hips and head up looking forward, makes the last contact (take off)
and the beginning of the landing (first contact) with the toes; during
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the flight phase, the knees are kept at 180° (fully extended).”® In SJ, the
subject performs the movement from a static semi-squat position with
flexed knees, hips at an angle of approximately 90° and an erect trunk, a
position in which he remains for about three seconds. He then begins
the ascending phase until he loses contact with the ground, starting
the flight phase. In CMJ, the technique is the same except for the initial
position. In this jump, the subject starts from a standing position and
from there, performs a counter-movement until reaching the lowest
point of the body’s centre of gravity (descending phase), followed by
an immediate extension of the lower limb joints to start the ascending
phase, until losing contact with the ground, starting the flight phase.”®
In the evaluation of jumps using instruments that measure flight time,
the height reached is estimated by the equation jump height=1/8 .g < t?,
where gis the acceleration of gravity (9.81m.s?) and tis the flight time (s).?°

Performance in SJis mainly dependent on the neural recruitment
capacity and the number of activated fibres in the time available for
force production, factors that also influence maximal strength.'" On
the other hand, during CMJ, due to the fast transition between the
phases (descending and ascending) and the high force production
in short time intervals, a mechanism known as the stretching-shor-
tening cycle (SSC) is verified.>* SSC is a mechanism originated from
movements involving stretching immediately followed by shortening
of the tissue - downward and upward phases of the CMJ, respectively.
These SSC characteristics contribute to the power output in CMJ during
the vertical thrust phase. SSC's contribution to performance can be
classified according to the time available for force production (contact
time), either short (<250ms) or long (>250ms).3°

Although there are other mechanisms that are responsible for the
higher performance of SSC*' the storage and use of PEE by passive
muscle structures due to deformation of this tissue during stretching
(downward phase) is widely accepted as the main explanation for better
movement efficiency.3' During the upward phase, the PEE previously
stored in the downward phase causes a spontaneous retraction of the
fibre to its initial length, increasing force production and favouring the
jump propulsion phase?” Vertical jumps, in addition to being used as a
means of assessing lower limb force, have also been used as a compo-
nent of physical fitness in sport for the performance of actions involving
rapid force production, such as sprint-mediated performance.® This is
commonly presented in the literature looking at performances such
as joint and muscle movement patterns,”’ the ATP-CP?” power supply
system, higher nerve conduction velocity,* and storage and use of PEE 3

Sprint performance

Displacement velocity, commonly referred to as sprint, is the indi-
vidual's ability to run faster and coordinate cyclic movements."? This is
a series of movements in which each lower limb performs the support
phase (foot contact with the ground) and balance (no foot contact
with the ground).'? During the run, the stride is the cycle of movement
in which a foot touches the ground, loses contact, and then the same
foot touches the ground again. Thus, when the individual’s goal is
to move as quickly as possible from one point to another, the high
frequency at which this cycle occurs requires a highly synchronized
pattern between the lower limbs.

One way to evaluate speed is the SLS, where the individual must
travel a certain distance in a straight line in the shortest possible time.
This performance, kinematically, is determined by the product of stride
length (range reached) and stride frequency (number of steps per
second) over a given distance.'? Considering futsal, where most sprints
are performed at distances close to 20m, this is the distance for the
SLS test that has been adopted by different studies in this modality,?>3’
where the acceleration phase is observed in the first 10m.3® Given that
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during futsal matches it is common to perform high-speed offsets with
direction changes, an individual's ability to accelerate, decelerate, change
direction and accelerate again is commonly assessed in sprint testing
involving change direction,® the CODS.

Locomotion during running (SLS and CODS) depends on factors
such as learning, which includes improved technique, motor control
and balance during body mass displacement,'” and anthropometric
aspects, such as height and length of lower limbs, that contribute to
increased stride amplitude.*4! Running ability also depends on rapid
force production, inter- and intramuscular coordination, and muscle
fibre recruitment ability.">3*4! During the initial metres of the SLS (ac-
celeration phase) and CODS (due to constant changes in direction),
the lower velocity values result in longer ground contact time and,
consequently, more time available for power generation.® This feature
means that, although not achieved, maximum strength contributes to
increased performance.?

As speed increases during running, the time of the support phase
is shorter compared to the swing phase,® favouring the storage and
utilization capacity of the PEE. This mechanism is present at the mo-
ment of rapid transition between the support phase and swing in the
sprint, which contributes to the production of force at times of higher
velocity and, consequently, shorter time of contact with the ground
during running.* The shorter contact time at high speeds also favours
a higher explosive force (rate of force development) for performance.*?

Physical performance and puberty

Growth, maturation and development are processes that are related
to the human body. Growth is characterized by dimensional or quan-
titative biological aspects of the body, accomplished by multiplying or
increasing the number of cells.” Maturation can be defined as a qualitative
biological phenomenon and expresses the maturation of the functions
of different organs and systems® Development is related to a biological
and behavioural context involving both processes mentioned above,
added to by environmental stimuli (learning and experience).® Puberty is
the phase that comprises these three aspects and usually occurs around
10 to 12 years of age in girls and between 12 and 14 years in boys&2
This phase is associated with morphological' and hormonal changes,?
higher neuromuscular organization,'" and refinement of more complex
motor activities such as locomotion.?

Regarding neuroendocrine aspects, growth hormone (GH) increases
its range and the frequency of secretion at puberty,®® which coincides
with the age of higher growth velocity, called peak height velocity
(PHV).%#The action caused by the anabolic hormonal responses of GH
during puberty contributes to accelerated longitudinal growth (reaching
PHV of around 8 and 10 cm.year™),* a phase in which the bone formation
process overlaps the resorption process, benefiting increased bone mass
and linear body increment.* Testosterone is another hormone that has
high production during puberty and contributes to an increase in pro-
tein synthesis in this phase, favouring an increase in muscle strength.*

For Gallahue, Ozmun and Goodway,? the period corresponding to
puberty encompasses characteristics at different levels that favour motor
performance: the specialized level, from seven to ten years old, which is
the transition period, with a combination of fundamental movements
suchas running and jumping, and different sports experiences; the level
of application, between 11 and 13 years old, where there is improvement
of the movements initiated in the transition stage, sports direction, and
increased adaptations to training; and the level of utilization, the moment
of maximization of capacities and of physical, psychological and tactical
preparation, that occurs from around 14 years old in these players.

Pubertal individuals engaged in sports such as futsal may benefit
from training adaptations and morphological modifications triggered by
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the natural physical maturation process.”® This context could mean that
within the same group, or category, individuals who are already advanced
in pubertal development will perform better than those in lower pubertal
stages. In this scenario, it is of fundamental importance that coaches and
physical trainers identify the pubertal stage of their athletes in order to
know if the observed performance comes from training or puberty. Still,
one can expect that these changes, in isolation, do not determine success
within the sport2 as some changes generated by puberty may also com-
promise performance, requiring coaches to know the stage each player
is in and the impact of puberty on the determinants.?

The ability to run requires high motor performance which, besides
being influenced by neuromuscular aspects, is also influenced by body
characteristics (size and proportions).?#'> Hammammi et al.,”’ finding
a moderate correlation (r =-0.499; p <0.01) between CODS and the
balance test in soccer players, point out that sprints involve a motor
control ability and maintenance of body balance, factors that may un-
dergo changes in the growth spurt phase, resulting in slight decreases
in body coordination and balance >34

The moment of growth spurt, linear increase of the body, occurs
primarily in the lower limbs compared to the upper limbs and trunk,
and does not occur simultaneously with muscle growth, causing body
disproportion and transient decreases in balance and motor coordination,
directly affecting performance of speed due to body instability presen-
ted in the stride frequency during the development of running.>”1315
Although itis understood that speed performance is the product of stride
length and frequency, there is a scarcity of studies verifying the behaviour
of these elements throughout adolescence and at specific pubertal sta-
ges.® Despite this lack of information, it is plausible to propose the need
for specific speed training, especially involving coordination exercises,
balance and mobility, to improve physical capacity in young athletes.?

Muscle-tendon stiffness and physical performance during puberty
is another little explored factor, considering that less rigid elastic tissues
may influence the performance of CMJ and sprints.#>*? Laffaye et al.>’
observe an increase in lower limb stiffness with increased chronological
age (11 and 20 years old), similar to other studies.>**° For Gajdosik,*® the
increase in muscle mass indicates a greater amount of elastic tissue
(passive tissues, such as endomysium, perimysium, epimysium and
tendons) - that is, a larger area for storage of PEE. However, the increase
in tendon thickness also implies an increase in the amount® and size of
collagen fibres,”” a structural and functional component of the tendons.
These fibres have spiral structures that allow an exponentially stretching
curved when exposed to a rapid application of external force that causes

them to stretch, making the tissue more rigid®®*” and, consequently,
hindering better responses in activities that use SSC, such as jump and
sprint performance.

Therefore, if an increase in muscle mass can increase tendon-muscle
stiffness,*® and considering that during puberty adolescents go through
the process of muscle increase 8 it is possible that the increase in tissue
stiffness observed in this phase®! is associated with this process. On
the other hand, Kubo et al*® found that young individuals with lower
rigidity in the vastus lateralis muscle-tendon complex also had higher
PEE storage and SSC performance, which is important during running
and can be improved through adaptations to specific training, such as
plyometric training.>%%

Therefore, although puberty increases physical performance and
influences motor tasks such as jumps and sprints widely present in
sports such as futsal, it is essential that sports professionals know the
influences of puberty on motor performance, paying attention to the
need to evaluate the pubertal stage of athletes in young athletes. Such
information will allow an adequate determination of the training need
and load in the prescription of specific speed and strength exercises,
such as plyometric training, capable of enhancing SSC*%%° performance.

CONCLUSION

Studies have shown a direct influence of puberty on the main
determinants of jump and sprint performance. Because of this, players
at different pubertal stages may perform differently from their equi-
valents, considering that players are grouped by chronological age,
which does not always correspond to pubertal stage. We emphasize
the importance of knowing the pubertal stage of each player, as well
as itsinfluence on changes in strength and speed. Further studies are
needed to assist professionals working with young athletes, contribu-
ting to the organization of training, especially futsal-specific tasks and
sprints, in young futsal players.
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