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Abstract

Concurrent training has been investigated over the last three decades, amongst scientific
community. This is an interesting topic for researchers due to the controversial results in
literature, specifically in a school environment. Therefore, the purpose of this work was to
analyze the effects of different combination approaches between resistance and aerobic
training on explosive strength and aerobic capacity in a large sample of prepubertal children.
Additionally, we intended to investigate the effects of training exercise mode alone on
overall physical fitness in prepubertal children. For the accomplishment of these purposes the
following sequence was used: i) reviewing the available literature; ii) assessing three
different training methods (intra-session concurrent training, concurrent training in different
sessions, and resistance training alone) and analyzing their effects on explosive strength and
VO;max adaptations; iii) comparing two different intra-session concurrent training sequences
on explosive strength and VO;max during 8-weeks training period; iv) proposing multiple
linear regression models for determining distinct strength parameters and VO;max
performances according to specific training programs with 8-weeks duration. The main
conclusions found suggest that i) there is a limited research on training-induced physical
fitness variables in prepubertal children; ii) the concurrent training performed in different
sessions can be performed without implications on prepubertal children’ growth, as it is also
effective for training-induced explosive strength and VO;max; iii) the concurrent training
(intra-session or different sessions) and resistance training alone provide similar
neuromuscular adaptations in prepubertal girls and boys; iv) the intra-session concurrent
training, regardless the order, improve prepubertal children performance on explosive
strength and VO;max; v) it is possible to develop indirect predictive models for each training
method with 8-weeks duration. Our findings provide useful remarks about the effects of
different combination approaches between resistance and aerobic training on explosive
strength and aerobic capacity in prepubertal children. These results can be helpful for
coaches, teachers and researchers to optimize explosive strength and cardiorespiratory
fitness training in sports club and school-based programs, as well as a reliable source for

further researches.

Key words

Prepubertal children, physical fitness, intra-session concurrent training, order.






Resumo

Nos Ultimos trinta anos, o treino concorrente tem vindo a ser investigado pela comunidade
cientifica. Nao obstante, demonstra ser um tema interessante devido aos resultados
controversos na literatura, nomeadamente em contexto escolar. Assim sendo, o proposito
deste trabalho foi analisar os efeitos de diferentes combina¢des entre o treino de forca e o
treino aerdbio na forca explosiva e na capacidade aerobia em criancas pré-puberes. Além
disso, pretendemos ainda investigar os efeitos do treino isolado na aptidao fisica em criancas
pré-puberes. Para a concretizacdo desses objetivos foi utilizada a seguinte sequéncia: i)
revisao de literatura; ii) avaliacdo de trés métodos de treino diferentes (treino concorrente
na mesma sessao, treino concorrente em sessoes diferentes e treino de resisténcia isolado) e
analise dos seus efeitos na forca explosiva e no consumo maximo de oxigénio (VO;max); iii)
comparacao de ordens diferentes de treino concorrente na mesma sessao na forca explosiva e
VO;max durante um periodo de 8 semanas; iv) estudo de multiplos modelos de regressao
linear para determinar diferentes parametros de forca e VO.max, tendo em conta programas
de treino especificos. As principais conclusdoes encontradas sugerem que: i) existe pouca
investigacao acerca das variaveis de condicionamento fisico induzidas pelo treino em criangas
pré-plberes; ii) o treino concorrente em sessdes distintas pode ser realizado sem implicacoes
para a salde e normal crescimento das criancas, como ainda demonstra ser efetivo na
melhoria de forca explosiva e VO.max; iii) o treino concorrente (sessdes distintas ou na
mesma sessdo) e o treino de resisténcia isolado induzem adaptacdes neuromusculares
idénticas em raparigas e rapazes pré-puberes; iv) o treino concorrente na mesma sessao,
independentemente da ordem, melhora a performance na forca explosiva e VO;max em
criancas pré-puberes; v) é possivel desenvolver métodos preditivos indiretos para cada
método de treino com duracdo de 8 semanas. Estes resultados podem ser proficuos para
treinadores, professores e investigadores no sentido de otimizar a forca explosiva e o treino
de aptidao cardiorrespiratoria em clubes desportivos, escolas, como também serem

considerados uma fonte segura para futuras investigacoes.

Palavras-Chave

Criancas pré-puberes, aptidao fisica, treino concorrente, ordem.
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Resumen

En los ultimos treinta afos, el entrenamiento concurrente se ha investigado en la comunidad
cientifica. Es un tema interesante para los investigadores debido a resultados contradictorios
en la literatura, sobre todo en el contexto escolar. Por lo tanto, el proposito de este estudio
fue analizar los efectos de diferentes combinaciones de entrenamiento de fuerza y aerdébico
en la fuerza explosiva y la capacidad aeroébica en nifos preplUberes. Ademas, tuvimos la
intencion de investigar los efectos del entrenamiento aislado en la condicion fisica de los
ninos preplUberes. Para alcanzar estos objetivos se utilizo la siguiente secuencia: i) una
revision de la literatura; ii) evaluacién de tres métodos diferentes de entrenamiento
(entrenamiento concurrente en la misma sesion, sesiones diferentes de entrenamiento
concurrente y entrenamiento de fuerza aislado) y analisis de su efecto sobre la fuerza
explosiva y el consumo maximo de oxigeno (VO;max); iii) comparacion de diferentes 6rdenes
de entrenamiento concurrente en la misma sesion en el fuerza explosiva y VO;max durante
ocho semanas; iv) estudio de varios modelos de regresion lineal para determinar los
diferentes parametros de fuerza y VO;max, teniendo em cuenta los programas de
entrenamiento especificos. Los principales resultados sugieren que: i) no hay muchos estudios
sobre las variables de aptitud fisica inducidas por el entrenamiento en nifios prepuberes; ii) el
entrenamiento concurrente cumplido en diferentes sesiones se puede lograr sin consecuencias
para la salud y el crecimiento normal de los nifios, ya que sigue siendo eficaz en la mejora de
la fuerza explosiva y el VO;max; iii) el entrenamiento concurrente (diferentes sesiones o en la
misma sesion) y el entrenamiento de resistencia aislada inducen adaptaciones
neuromusculares similares en niflos y nifias prepUberes; iv) el entrenamiento concurrente en
la misma sesion, independientemente del orden, mejora el rendimiento de la fuerza explosiva
y el VO2max en nifos prepuberes; v) se puede desarrollar métodos indirectos de prediccion
para cada método de entrenamiento con duracion de ocho semanas. Estos resultados pueden
ser rentables para los entrenadores, profesores e investigadores con el fin de optimizar la
fuerza explosiva y de entrenamiento de la aptitud cardiorrespiratoria en clubes deportivos,

escuelas, asi como una fuente fiable para la investigacion futura.

Palabras-Clave

Nifios pré-pUberes, condicion fisica, entrenamiento concurrente, orden.
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Chapter 1. General Introduction

Physical fitness has been considered an important component to improve the child holistic
development, being a significant health-related marker in childhood (Kvaavik et al., 2009
Ortega et al., 2008). Indeed, physical fitness has been defined as the aptitude to perform
physical tasks without fatigue (Mondal, 2006), evidencing to be a complex and bidirectional
concept that comprises health-related (cardiorespiratory endurance, muscular strength and
endurance, body composition and flexibility) and sport performance-related components
(agility, equilibrium, coordination, speed, power and reaction time) (Caspersen et al., 1985,
Garber et al., 2011). Improving these parameters in children’ performance can bring
significant benefits such as improvements on cardiorespiratory performance, cardiovascular
health, total and abdominal adiposity, anxiety control, self-esteem, academic performance,
and decreases on depression levels (Cepero et al., 2011; Kvaavik et al., 2009; Marta et al.,
2012). Moreover, it has been reported the longevity of physical fitness levels from childhood
to the adulthood (Eisenmann et al., 2005; Stratton et al., 2008).

Although the benefits of physical activity are well known, there was a significant decrease in
the physical activities and consequently low physical fitness levels from childhood to
adolescence over the last decades (Matton et al., 2007; Moreno et al. 2007; Trost et al.,
2002; Vinas et al. 2006). These decreases can be explained by arise of sedentary behaviour,
physiological and psychological factors (Tomkinson & Olds, 2007). However, low physical
fitness levels have been also associated to many serious health problems (Steele et al., 2008;
Tambalis et al., 2013). Considering the abovementioned, the efforts to increase physical

fitness levels in youth should be a priority (Cepero et al., 2011).

Children should benefit from the development of strength and cardiovascular variables
(Ortega et al., 2008; Taanila et al., 2011), but the best way to achieve these improvements
remains unclear. For a while, most of the pediatric research focused on activities that
enhanced cardiorespiratory fitness, ignoring the muscular strength development (Cepero et
al., 2011). Nevertheless, recent researches demystified the idea that resistance training
would lead to injuries as well negatively influence the normal growth of children (Blimkie,
1993; Docherty et al., 1987; Faigenbaum et al., 1996) by reporting unique benefits to children
when appropriately prescribed and supervised (Faigenbaum et al., 2009; Faigenbaum & Myer,
2010). More recently emerged another method of conditioning, the concurrent training, which
seems to be able to produce gains in cardiorespiratory and muscular fitness simultaneously
(Kang & Ratamess, 2014).
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In a sport context, the scientific research showed ambiguous effects caused by concurrent
training. Some investigations reported a negative influence of concurrent training on muscle
strength and/or power development (Henessy & Watson, 1994; Izquierdo et al., 2005), while
others showed positive effects on maximal aerobic capacity (Kraemer et al., 2001; Silva et
al., 2012), muscular strength (Davis et al., 2008; Shaw et al., 2009), muscular endurance
(Kraemer et al., 1995), and body composition (Rahnama et al., 2007). The inconsistencies
behind these researches may be explained by the studies design and/or training protocols
(Garcia-Pallarés & lzquierdo, 2011). Even so, the abovementioned studies have investigated
concurrent training in young, adult and elderly populations. Little is known about this topic
and its effects as far as prepubertal children performance concerns (Marta et al., 2013).
Therefore, it seems important to investigate the effects of different approaches between
resistance and aerobic training on explosive strength and cardiorespiratory fitness in this

population (Study 2).

More than those variables that typically characterize a training program (i.e. volume,
intensity, frequency), concurrent training might be characterized by training design,
specifically intra-session concurrent training or in different days (i.e. resistance exercise on
Monday, aerobic exercise on Tuesday, and so on) (Kang & Ratamess, 2014), and intra-session
concurrent training sequence (aerobic prior to resistance training or vice-versa) (Chtara et
al., 2005). The literature is far from be consensual concerning to the efficacy of concurrent
training performed on the same day (Craig et al., 1991) or in the alternate days (Glowacki et
al., 2004). Sale et al. (1990) reported that concurrent training in the same day instead of
different days might inhibit the strength development but not maximal oxygen uptake
(VO2max). Whereas Doma & Deakin (2013) suggested that intra-session concurrent training
impaired running performance the following day and may compromise adaptation compared
to alternate-day concurrent training. In addition, Marta et al. (2013) show that intra-session

concurrent training does not impair strength development in prepubertal children.

Concerning to the intra-session concurrent training, its exercise sequence was suggested as a
relevant variable in the concurrent training prescription (Chtara et al., 2005; Garcia-Pallarés
& lzquierdo, 2011) and may define the magnitude of impairment in strength (Leveritt et al.,
1999) or aerobic development (Chtara et al., 2005) after concurrent training. Early
researches focused on the concurrent training sequence effects on performance and health
(Chtara et al., 2005; Kang & Ratamess, 2014) concluded that optimum training sequence was
determined by the individual purposes of the training program. In practical context,
performing aerobic prior to resistance training produce aerobic gains, while performing
resistance prior to aerobic training appears to be more adequate to obtain strength
improvements (Kang & Ratamess, 2014). Even so, to the best of our knowledge, the literature
only has focused on the effects of intra-session concurrent training order in adults’
performance (Cadore et al., 2011, 2012, 2013; Chtara et al., 2005). Thus, it seems pertinent
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and useful to investigate the effects of different intra-session concurrent training order in

prepubertal children (Study 3).

Throughout the years, several studies presented different training programs to improve
physical fitness (Alves et al., 2016a, 2016b; Benson et al., 2007; Kang & Ratamess, 2014).
But, it is also known that different kind of training develops each strength and/or aerobic
parameters differently (Kang & Ratamess, 2014). Predictive models are not new in sports
science research. However, until now most of them were developed to explain acute
performances responses based on biomechanical, physiological or/and anthropometric
measures (Barbosa et al., 2010; Morais et al., 2016), to predict aerobic capacity (VO2max) or
maximal strength (1RM) (Hoffman et al., 2003; Reynolds et al., 2006), and not to understand
and predict the responses to different training programs. In fact, a prediction of possible
gains or decreases in strength and aerobic performances in a concurrent training context

remains unknown and a research on this area should be performed (Study 4).

Considering the aforementioned, the main purpose of this thesis was to analyze the effects of
different combination approaches between resistance and aerobic training [concurrent
training design (concurrent training performed simultaneously during the same session or
concurrent training performed in different sessions) and intra-session training sequence
(aerobic prior to resistance training or resistance prior to aerobic training)] on explosive
strength and aerobic capacity in prepubertal children. Additionally, we also intended to
provide multiple linear regression models to predict distinct strength variables and VO;max

performances in 8-weeks training programs in children.

The thesis was developed following to the above sequence:

Chapter 1 composes a general introduction where are mentioned the main thematics of this

work.

Chapter 2 presents a literature review (Study 1) based on the early researches concerning the

different approaches of training methods in prepubertal children performance.

Chapter 3 focus the experimental studies established to achieve the main purpose of this

thesis:

Study 2 aims to compare the effects of different approaches between resistance and aerobic
training and resistance training alone on the explosive strength and aerobic capacity in

prepubertal children.
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Study 3 was developed to analyze the interference of resistance and aerobic training order on

explosive strength and aerobic capacity in prepubertal children.

Study 4 purposes to provide multiple linear regression models to determine distinct strength

parameters and VO;max performances according to specific training programs during an 8-

weeks period.

Chapter 4 shows a general discussion of the obtained results on the performed studies.

Chapter 5 evidences the main conclusions and limitations of the thesis.

Chapter 6 proposes some suggestions for future research.

In order to complement the present thesis some additional studies were accomplished, being

presented in appendix | and appendix II.
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Study 1

Concurrent training in prepubertal children: an update

Abstract

This study affords an update review over the state of art regarding the importance of physical
fitness and the significance of different combination approaches between resistance and
aerobic training, as well conditioning methods exercise alone on improvements of physical
fitness, specifically explosive strength and cardiorespiratory fitness in prepubertal children.
The main research conclusions can be summarized as: i) Resistance training can be an
effective and reliable to improve muscle strength in prepubertal children; ii) A proper and
quantifiable exercise frequency and intensity in aerobic training remains unclear; iii) No
differences have been found between prepubertal girls and boys on strength and on aerobic
capacity improvements after intra-session concurrent training, resistance or aerobic training
alone; iv) In adults, concurrent resistance and aerobic training seems to be more effective on
improvements of aerobic capacity than aerobic training alone; v) Aerobic training
biomechanically specific to the concurrent resistance training may minimize adaptation
interference when concurrently training; vi) In adolescents, concurrent resistance and aerobic
training is equally effective to improve explosive strength compared to resistance training
alone, and more efficient in aerobic capacity than resistance training alone; vii) Optimum
training sequence was determined by the individual purposes of the training program; viii)
Performing aerobic prior to resistance training produces aerobic gains, while performing
resistance prior to aerobic training appears to be more adequate to obtain strength
improvements; ix) In adults, performing concurrent training in different sessions seems to be

more effective to improve muscular strength than intra-session concurrent training.

Key words: Prepubertal, physical fitness, sequence, concurrent training.
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Introduction

Physical fitness is considered a powerful health-related indicator in childhood (Ortega et al.,
2008b) and an important element to the holistic child development (Kvaavik et al., 2009;
Marta et al., 2013; Ortega et al., 2008b). It is a complex and bidirectional concept that
involves health-related and sport performance-related components (Caspersen et al., 1985,
Garber et al., 2011). Even recognizing its importance for children by all comunity, a
significant decrease in the practise of physical activity and consequently low physical fitness
levels among children was found over the last decade (Matton et al., 2007; Moreno et al.,
2007; Vinas et al., 2006). This seemed to be the main cause of most of health issues during
childhood, for instance cardiovascular disease (Steele et al., 2008; Tambalis et al., 2013).
Thus, it is important to consider children and adolescents as the primary prevention of
diseases-related to sedentary lifestyle (Martinez-Vizcaino & Sanchez-Lépez, 2008). Concerning
to the abovementioned, the efforts to increase physical fitness levels in youth should be a

priority (Cepero et al., 2011).

Most of the pediatric research based on training programs focused on activities that enhance
cardiorespiratory fitness, neglecting the neuromotor fitness conditions based on muscular
strength (Cepero et al., 2011). Yet, improvements in muscular fitness, speed and agility,
rather than cardiorespiratory fitness, seem to have a positive effect on skeletal health
(Kemper et al., 2000; Santos et al., 2012). Therefore, recent investigations indicated that
resistance training provide benefits to children and adolescents (Faigenbaum & Myer, 2010;
Kemper et al., 2000; Santos et al., 2012), being considered a reliable and effective method of
conditioning (Faigenbaum et al., 2009b). Nevertheless, another conditioning method, called
concurrent training, has been investigated over the last decades. Indeed, it was suggested to
provide gains in cardiorespiratory and muscular fitness simultaneously (Kang & Ratamess,
2014). To the best of our knowledge, little is known about the effects of concurrent training
on prepubertal children performance (Greenleaf et al., 2010; Marta et al., 2013). Moreover,
the effects of intra-session concurrent training order were only investigated in adults (Cadore
et al., 2011, 2012b, 2013; Chtara et al., 2005). Therefore, it seems to be important to
investigate the effects of different approaches between resistance and aerobic training on
explosive strength and cardiorespiratory fitness in prepubertal children. Furthermore, this
investigation can be useful to coaches, teachers and researchers to optimize explosive
strength and cardiorespiratory fitness training in sports club and school-based programs, as
well as a reliable source for further researches.
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Physical Fitness in childhood

Physical fitness has been considered an important health-related marker in childhood and a
significant element for normal child growth and development (Kvaavik et al., 2009; Marta et
al., 2013; Ortega et al., 2008b; Rowland, 2007). In fact, it is recognised a positive relation
between the physical fitness development and health. The enhancement on physical fitness
levels provide several benefits in children, as improvements on cardiorespiratory
performance, cardiovascular health, muscular strength, total and abdominal adiposity,
depression levels decreases, better anxiety control, self-esteem increases, and higher
academic performance (Cepero et al., 2011; Kvaavik et al., 2009; Marta et al., 2012; Shore et
al., 2008).

Although there are reliable evidences about the several benefits associated to good physical
fitness levels, some researchers indicated a decline on physical activity practise and
decreases on physical fitness levels among children over the last few decades (Aaron et al.,
2002; Matton et al., 2007; Trost et al., 2002). This overview may be attributed to a
perceptible refusal of children in physical education classes and regular physical activity
(Roetert, 2004), but also to sedentary behavioral, physiological and psychological factors
(French et al., 2001; Tomkinson & Olds, 2007). So, it seems to be relevant to promote
improvements of physical fitness levels in youth (Cepero et al., 2011), whereas favourable
behavioural and biological effects during childhood may support to reduce the risk of

developing chronic diseases into later life (Ortega et al., 2008a; Rowland, 2007).

Resistance training

Youth resistance training is becoming universal as a qualified method of conditioning by
medical, fitness, and sports organizations (Faigenbaum & Westcott, 2009a; South African
Sports Medicine Association, 2008). Early scientific researches evidence that resistance
training can provide exclusive benefits for children and adolescents when properly designed
and well-supervised (Faigenbaum et al., 2009b; Vaughn & Micheli, 2008). Indeed, resistance
training has innumerable health-related benefits such as decreases on cardiovascular disease
(Garcia- Artero et al., 2007; Ortega et al., 2012) and chronic disease risks as diabetes, obesity
(Wijndaele et al., 2007), improvements on bone health (Pitukcheewanont et al., 2010;
Vicente-Rodriguez et al., 2004), body composition (Sadres et al., 2001; Santos et al., 2014),
phychosocial well-being (Falk & Eliakim, 2003; Yu et al., 2008), motor control skills (Falk &
Eliakim, 2003; Hass et al., 2001), muscular and explosive strength in children and adolescents
(Benson et al., 2007; Falk & Mor, 1996a).
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In the last three decades, resistance training was not recommended for children as it was
believed to lead to injuries and long-term health consequences as damage of growth plates
and premature closure of epiphyses, while at the same time thought to be ineffective in
strength improvements (Blimkie, 1993; Docherty et al., 1987; Faigenbaum et al., 1996).
However, scientific researches highlighting positive results such as bone mineral density
improvements, muscular and endurance improvements in prepubertal and pubertal subjects
after a resistance training beyond normal growth and maturation (Benson et al., 2007;
Steinberger, 2003). Furthermore, children can improve muscular strength after 8 to 12 weeks
of a resistance training program with two training sessions per week (Dahab & McCambridge,
2009). In early meta-analyses (Falk & Tenenbaum, 1996b; Payne et al, 1997) gains in muscle
strength were suggested to be closely 13 - 30% greater than those which should be hoped

from growth and maturation (Falk & Tenenbaum, 1996b).

The physiological mechanisms behind training-induced strength gains during preadolescence
have been attributed mainly to neurological adaptations (i.e., increased motor unit
activation, changes in motor unit coordination, recruitment) than hypertrofic factors (Malina,
2006; Ozmun et al., 1994; Ramsay et al., 1990), reporting differences with adults which
attribute these improvements to hormonal and neural mechanisms (Faigenbaum et al., 2004;
Ramsay et al., 1990). Concerning to the prepubertal gender differences, some researchers
reported that there is no difference in strength between prepubertal girls and boys
(Faigenbaum et al., 2003).

A reasoned compilation of scientific researches suggests that youth resistance training should
be an important component of youth fitness programs, health promotion objectives, and
injury prevention (Faigenbaum et al., 2009b). On this, Tsolakis et al. (2004) examined the
influence of 8-weeks progressive resistance training program (3 times per week, 3 X 10
repetitions maximum [RM]) on strength in prepubertal males (11.8+0.8 years). The 2-months
resistance training program resulted in 17.5% increase in isometric strength in experimental
trained group compared with control group. Sadres et al. (2001) analyzed the effect of 2
school years (21months) of a twice-weekly resistance training program (1-4 set of 3-6
exercises, with 5-30 repetitions/set, load ranged 30 - 70% 1RM) on muscle strength in
prepubertal males (9.2 + 0.3 years). The results showed significantly increases in
experimental group on muscle strength (knee extensors: 83% and knee flexors: 63%).
Curiously, these evidences were corroborated by Szymanski and colleagues (2007) which
suggested that longer program duration, higher frequency and intensity have a greater
influence on the magnitude of strength changes. Regarding injury prevention, early studies
that included experimental protocols with resistance training demonstrated effectiveness to
reduce sports related injuries in youth (Abernethy & Bleakley, 2007; Micheli et al., 2000).
Concerning to the health promotion purposes, Sung et al. (2002), analyzed the effects of

resistance training (6 weeks, twice-weekly, circuit of 20 exercises repetitions, load ranged 75
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- 100% 10RM) in prepubertal children (8-11 years) on blood lipid profile. The authors observed
improvements on fat free mass (2.3%, p < 0.05) in experimental group after implemented

program.

Aerobic training

Aerobic fitness reports to the body’s capacity to transport oxygen from the environment and
use it in muscle work. It is not only mentioned as a performance’s determiner in a wide range
of activities, but also a health-related mark since more than two decades ago when Blair et
al. (1989) demonstrated that higher aerobic fitness measured during an additional treadmill
exercise test was associated with reduced all-cause mortality in adults (Andersen &
Haraldsdottir, 1994; Malina et al., 1995). In a health context, aerobic training has been
associated with a lower risk of diabetes, coronary heart disease, and obesity in children
(Boreham et al., 2002; Ortega et al., 2007). Moreover, higher levels of cardiorespiratory
fitness are associated with a healthier cardiovascular profile later in life (Ortega et al., 2007;
Ruiz et al., 2009). In performance context, aerobic training aims to increase maximal oxygen
uptake (VO:max) or other physical fitness markers (i.e., lactate/ventilator threshold, exercise

efficiency) (Baquet et al., 2003).

Child-based studies have widely focused on improving fitness levels for either athletic
performance or for its relationship with health outcomes (Matos & Winsley, 2007). However,
training-induced adaptations in aerobic fitness have been a matter of long-lasting controversy
in children. Several studies have concluded that aerobic training did not produced significant
changes in VO;max before puberty (Kobayaski et al., 1978; Mirwald et al.,1981), being
explained by the existence of a maturational threshold (Katch, 1983). However, other
researchers have shown significant improvements in VO;max in the same age (Pfeiffer et al.,
2008; Shephard, 1992). But, this controversy may be clarified by the differences in

experimental design (Armstrong & Welsman, 1990; Baquet et al., 2003).

Early reviews reported that the magnitude of training-induced changes in children might be
smaller than that expected in adolescents and adults (Armstrong & Welsman, 2002; Mahon,
2000; Pate & Ward, 1990). As Armstrong & Welsman (2002) mentioned “children are not mini-
adults”, and their responses appear to be differently on exercise stimulus comparing to the
adults (Matos & Winsley, 2007). Yet, a sufficient training stimuli must be provided for a

significant enhancement of the VO,max in children (Carazo-Vargas & Moncada-Jiménez, 2015)



Chapter 2. Literature Review

and the magnitude of the response will be influenced by exercise intensity and frequency

(Baquet et al., 2003).

Regarding to the training frequency, some researches revealed that the gain in peak VO, was
improved in prepubertal children by doing exercise program at least two sessions per week.
Baquet et al. (2002) observed the effects of a 7-week (twice per week) of high intensity
aerobic intermittent training programme on peak VO; of prepubertal children. The peak VO,
improved by 8.2% in experimental group, while no alterations were noticed for control group.
Mandigout et al. (2001) showed a significant increase about 7.1% in VO;max after
implementing an aerobic training programme during 13 weeks (three sessions per week). In
fact, these evidences are consistent with Baquet and colleagues (2003). These authors stated
that, independently of sex or pubertal status, mean peak VO; increase was around 5-6%, or

even 8-10% when considered studies that only showed significant training effect.

There is a controversy concerning to the training intensity in children. It is reported that
children need to train at a higher exercise intensity to elicit increases in aerobic fitness
(Matos & Winsley, 2007). Furthermore, Massicotte & Macnab (1974) analyzed three different
groups of prepubertal boys set distinct training intensities for each group. The results
evidenced that only boys who performed at highest intensities (approximately 88% heart rate
maximum) evidenced an increase about 11 % in peak VO,. However, the results of Carazo-
Vargas & Moncada- Jiménez (2015) contrasts with previous evidences. The authors found that
moderate exercise intensity (approximately 60% of an individual’s heart rate maximum)
provided adequate stimulus for a VO;max improvement. Hereupon, the children’s ability to
improve their aerobic capacity by aerobic training is demonstrated. However, further
experimental research is required to define a proper and quantifiable exercise frequency and

intensity (Carazo-Vargas & Moncada-Jiménez, 2015).

Regarding to the prepubertal gender differences’, there was no difference in aerobic capacity
improvements between boys and girls. Baquet and colegues (2002) applied a 7-week aerobic
training programme (twice a week) in prepubertal children and observed identical responses
in aerobic performance, peak VO; increase 9.5% in prepubertal boys and 7.2% in prepubertal

girls.
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Concurrent resistance and aerobic training

The compatibility of resistance and aerobic training performed simultaneously, called as
concurrent training (Fyfe et al., 2014), has been investigated over the last three decades
(Arazi et al., 2011; Davis et al., 2008a, 2008b).

Concurrent training seems to be a potential strategy for preventing and stabilizing multiple
disease states due to its capacity to induce adaptations within skeletal muscle that neutralize
a number of disorders impacting upon functional capacity and metabolic health, including
sarcopenia (Pijnappels et al., 2008; Reeves et al., 2004), type Il diabetes, and obesity (Kelley
et al., 1996, 2002). However, concurrent training has become a recurrent topic for
researchers due to the controversial results of different studies (Cadore et al., 2014; Garcia-
Pallarés & lzquierdo, 2011). Hickson (1980) reported a compromised adaptation induced by
concurrent training compared with training exercise mode alone (Leveritt et al., 1999),
calling the phenomenon as ‘interference effect’ (Wilson et al., 2012). In fact, some studies
reported that concurrent training may affect the development of muscle strength and/or
power (Garcia-Pallarés & lzquierdo, 2011; Henessy & Watson, 1994; Izquierdo et al., 2005;
Izquierdo-Gabarren et al., 2010), while others contradicted by showing a positive effect of
concurrent training on maximal aerobic capacity (Glowacki et al., 2004; Kraemer et al., 2001;
McCarthy et al., 1995; Silva et al., 2012), muscular strength (Baker, 2001; Davis et al., 2008a;
Davis et al., 2008b; Glowacki et al., 2004; Gorostiaga et al., 1999; Gravelle & Blessing, 2000;
Kraemer et al., 1995; Shaw et al., 2009), muscular endurance (Hickson, et al., 1988; Kraemer
et al., 1995), and body composition (Rahnama et al. 2007). However, these studies have
investigated concurrent training in young, adult and elderly populations (Chtara et al., 2005,
Davis et al., 2008a, 2008b, Holviala et al., 2010; Takeshima et al., 2007). There are a limited
number of studies that explored concurrent training in prepubertal children (Marta et al.,
2013).

Some variables have been suggested to affect concurrent training beyond those that typically
characterize a training program (i.e. frequency, intensity, volume) such as: training design
[i.e. concurrent training performed simultaneously during the same session, in the same day
(i.e. in the morning and in the evening) or in different days (i.e. resistance exercise on
Monday, aerobic exercise on Tuesday, and so on), or during specific training cycles] (Kang &
Ratamess, 2014), and intra-session training sequence (i.e. aerobic prior to resistance training,

or resistance prior to aerobic training) (Chtara et al., 2005).

Intra-session concurrent training

The intra-session resistance and aerobic training has been reported to be usual in physical

fitness training programs due to time constraints and convenience (Alves et al., 2012).
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However, this training design represents a specific challenge as the fatigue produced from
one type of exercise may negatively influence the magnitude and quality of exercise in the
other type reporting to possible interference effect (Davis et al. 2008a, 2008b). In fact,
Cadore et al. (2010) reported increases about 50% in knee extensor strength from resistance
training alone group compared with concurrent training group. Gergley (2009) also found
higher values in the resistance training alone group, but creatively presented significant
improvements in concurrent training group where cycling was added to aerobic training
compared with the group where resistance training was combined with running. This evidence
supported that aerobic training biomechanically particular to the concurrent resistance
training may minimize adaptation interference when concurrently training. The efficiency of
intra-session concurrent training in aerobic capacity have been confirmed though the study of
Chtara et al. (2005). This study presented even larger increases in maximal oxygen uptake in
the concurrent training group where aerobic precedes resistance training when compared to
aerobic training alone group. Additionally, Santos et al. (2011, 2012) compared the effects of
an 8-weeks training period of resistance training alone (R) and concurrent resistance and
aerobic training (RA) on body composition, explosive strength and VO;max adaptations in
adolescent’s girls and boys. It was found similar improvements on explosive strength in both
experimental groups (girls: R 8.0% and RA 12.0%; boys: R 10.3% and RA 14.4%), but
improvements on VO;max were only observed in intra-session concurrent resistance and
aerobic training (girls: RA 4.0%; boys: 4.6%). In the same line of thinking, Marta and
colleagues (2013) reported an equally effectiveness of concurrent training group on training-
induced explosive strength (R: 5.3%; RA: 5.2%), and more efficient than resistance training
alone in VOz;max (R: 0.8%; RA: 3.3%) in prepubertal children.

Order of intra-session concurrent training

Since resistance and aerobic training are performed concurrently, seems to be important to
understand if there is an optimal training design or sequence for improving the physiological
adaptations to exercise (Collins & Snow, 1993). The intra-session exercise sequence might be
an important variable in the concurrent training prescription (Chtara et al., 2005; Garcia-
Pallarés & Izquierdo, 2011) and may define the magnitude of impairment in strength (Leveritt
& Abernethy, 1999) or aerobic capacity (Chtara et al., 2005) development after concurrent

resistance and aerobic training.

Performing aerobic exercise prior seems to be reliable because it can serve as a sufficient
warm-up of muscle prior to the start of resistance exercise (Kang et al., 2009). But this
sequence may result in a peripheral fatigue that consequently reduces performance during
the resistance training. In the other hand, performed resistance exercise prior to aerobic
exercise express a greater increase in lipolysis during subsequent aerobic exercise, suggesting

that this exercise sequence may be more beneficial metabolically (Kang et al., 2009).
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However, early researches focused on the concurrent training sequence effects on
performance and health (Chtara et al., 2005; Kang & Ratamess, 2014) concluded that
optimum training sequence was determined by the individual purposes of the training

program.

In practical issues, performing aerobic prior to resistance training produces aerobic gains,
while performing resistance prior to aerobic training appears to be more adequate to obtain
strength improvements (Kang & Ratamess, 2014). Chtara et al. (2005) examined the effects of
the concurrent sequencing order training during 12 weeks (twice per week) on aerobic
performance and capacity of male students. It was reported greater improvements of VO;max
and aerobic performance in experimental group which perform aerobic prior to resistance
exercise (13.7%; 8.6%, respectively), compared to resistance prior to aerobic exercise (11.0%;
4.7%, respectively) and aerobic training alone group (10.1%; 5.7%, respectively). Additionally,
Cadore et al. (2011) have supportively shown similar magnitude improvements in maximal
aerobic power in the concurrent training group where aerobic preceded resistance training

(10.0%, p< 0.05) and in the aerobic training alone group (10.6%).

Separate day concurrent training

Concurrent training has been investigated by its potential to provide about gains in
cardiorespiratory and muscular fitness simultaneously (Kang & Ratamess, 2014). However,
adaptations to exercise training, performance improvements and training outcomes are highly

specific to the mode of activity performed (Kuiusma, 2013).

Sale et al. (1990) reported that the design of separate day resistance and aerobic training
may be more effective to improve muscular strength than resistance and aerobic training on
the same day. Concordantly, Garcia-Pallarés & Izquierdo (2011) found that, the strength gains
were significantly higher in the group that performed the training sessions on different days.
Furthermore, Hakkinen et al. (2003) showed that after an extended training period of 21-
weeks both concurrent resistance and aerobic as well as resistance training alone group
resulted in similar gains in maximal lower body strength, but it was not the case in rapid
force production. In fact, those inversely affected gains in strength and power can be
observed especially when high volumes, intensities, and/or frequencies are employed (Chtara
et al., 2008; Hickson, 1980; Kraemer et al., 1995; Sale et al., 1990).

To acquire optimal adaptations in muscle strength and power, as well as to minimize
interference phenomenon, training frequency should not be in excess. Concurrent training
showed to be detrimental for strength gains only when frequency is more than 3 days per
week (Garcia-Pallarés & lIzquierdo 2011). In addition, interference in the improvement of

physical fitness is usually observed only during a long (>7-8 weeks) training period (Hickson,
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1980; Izquierdo et al., 2003). In studies where the training frequency have not exceeded 3
days per week increases in maximum strength were detected following concurrent training
periods between 8 and 16 weeks (lzquierdo-Gabarren et al., 2010; McCarthy et al., 2002) and
>20 weeks (Garcia-Pallarés et al. 2010; Hakkinen et al., 2003). This is consistent with
Sillanpaa and colleagues (2008) that analyzed the effects of a 21-weeks (twice a week) of
resistance and/or aerobic training on body composition and physical fitness of older man. The
authors observed similar gains in maximal concentric force in the resistance training alone
group (22.0%) and concurrent training group (23.0%), as well an improvement in maximal
oxygen uptake in aerobic training alone and concurrent training group (both with

improvements by 11.0%), with no changes in control group (C).

Conclusions

The importance of physical fitness specially during childhood is consensual and in order to
improve it, and consecutively several health related and sport performance parameters,
different conditioning methods could be suggested, such as: resistance training alone, aerobic
training alone or even concurrent resistance and aerobic training. Regarding the resistance
training, scientific researches underlining its efficiency on improving bone density, muscular
and endurance strength of children without compromising their normal growth. Concerning to
the aerobic training, it has been proved its effectiveness on improvements of children aerobic
capacity. Lastly, the intra-session concurrent training has been demonstrated as an effective
method to improve explosive strength and VO,max in children. However, further investigation
is needed to know the effects of different approaches between resistance and aerobic

training on explosive strength and cardiorespiratory trainability in prepubertal children.

The main findings of this review can be mentioned as:

i) Resistance training can be an effective and reliable to improve muscle
strength in prepubertal children;

ii) A proper and quantifiable exercise frequency and intensity in aerobic training
remains unclear;

iii) No differences have been found between prepubertal girls and boys on
strength and in aerobic capacity improvements after intra-session concurrent
training, resistance or aerobic training alone;

iv) In adults, concurrent resistance and aerobic training seems to be more
effective on improvements of aerobic capacity than aerobic training alone;

V) Aerobic training biomechanically specific to the concurrent resistance training

may minimize adaptation interference when concurrently training;
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vi) In adolescents, concurrent training can be equally effective to improve
explosive strength compared to resistance training alone, and more efficient
in aerobic capacity than resistance training alone;

vii)  Optimum training sequence was determined by the individual purposes of the
training program;

viii)  Performing aerobic prior to resistance training produces aerobic gains, while
performing resistance prior to aerobic training appears to be more adequate
to obtain strength improvements;

iX) In adults, performing concurrent training in different sessions seems to be
more effective to improve muscular strength than intra-session concurrent
training;

X) The effects of concurrent resistance and aerobic (intra-session and different
sessions), as well its intra-session sequence in prepubertal children, has still

to be investigated.

Future Researches

After summarizing all research findings, researchers should suggest future investigation in
order to explore unclear issues in the available literature. Some of those main issues could be

pointed:

i) The effects of concurrent resistance and aerobic training on physical fitness in
prepubertal children;

ii) The magnitude of differences between intra-session and separate-session on physical
fitness;

iii) The magnitude of intra-session concurrent resistance and aerobic training order on

physical fitness.
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Study 2

Concurrent training in prepubertal children: the effects of eight
weeks of resistance and aerobic training on explosive strength

and VO2max

Abstract

The purpose of this study was to compare the effects of 8-week training periods of resistance
training alone (R), combined resistance and aerobic training in the same session (RA) or in

two different sessions (CT) on explosive strength and maximal oxygen uptake (VO,max) in

prepubertal children. One hundred and sixty-eight healthy children, aged 10-11 years old
(10.9+0.5), were randomly selected and assigned to three training groups to train twice a
week for 8 weeks: R (n=41), RA (n=45), CT (n=38) groups and a C group (n=44; no training
program). The C maintained the baseline level and trained-induced differences were found in
the experimental groups. Differences were observed in the 1 and 3 kg medicine ball throws
(R: 5.8 and 8.1%, respectively; RA: 5.7 and 8.7%, respectively; CT: 6.2 and 8%, respectively,
p<0.001), in the counter movement vertical jump and in the standing long jump (R: 5.1 and
5.2%, respectively; RA: 4.2 and 7%, respectively; CT: 10.2 and 6.4%, respectively, p <0.001).
In addition, the training period induced gains in the 20m time (R: 2.1%; RA: 2.1%; CT: 2.3%,

p<0.001). It was shown that the experimental groups (RA, CT, and R) increased VO,max,

muscular strength and explosive strength from pre- to post-training. The higher gains were
observed for concurrent training when it was performed in different sessions. These results
suggest that concurrent training in two different sessions appears to be an effective and

useful method for training-induced explosive strength and VO,max in prepubertal children.

This could be considered an alternative way to optimize explosive strength training and

cardiorespiratory fitness in school-based programs.

Key words: Resistance, Aerobic, Exercise, Youth, Power.
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Introduction

Physical fitness has declined worldwide in recent decades among children and adolescents
(Matton et al., 2007). The effect of a sedentary lifestyle has become a major public health
threat (Moro et al., 2014) that is highly associated with cardiovascular, cardiorespiratory and
musculoskeletal diseases (McPhail et al., 2014). Nowadays, physical fitness has emerged as a
determinant factor of current and future health status (Ortega et al., 2008; Smith et al.,
2014) and as a main element for the preservation and enhancement of health, quality of life,
and holistic development during childhood (Marta, 2012). Moreover, it is often assumed that
physical activity during childhood and adolescence has a positive influence on adult health
(Makkinen et al., 2010). Here, schools could provide an excellent setting to enhance and
promote physical activity by implementing safe training programs (Marques et al., 2011;
Marta et al., 2013b).

The children should benefit from the development of strength and cardiovascular parameters
and these two important health-related physical fithess components (Ortega et al., 2008;
Taanila et al., 2011). The concurrent training, by combining aerobic and resistance regimens
would allow children to associate the benefits of both activities into a single training session
(Cadore & lzquierdo, 2013; Pugh et al., 2015). However, Glowacki et al. (2004) reported that
it could hinder aerobic adaptations and attenuation of strength development because of an
inhibitory effect on muscle (Garcia-Pallarés & lzquierdo, 2011; Izquierdo et al., 2005). This
effect is known as the “interference phenomenon” (Dudley & Djamil, 1985; Garcia-Pallarés &
Izquierdo, 2011). Afterwards, it was reported that concurrent training impairs the
development of strength and muscular power but did not affect the development of aerobic
capacity compared to both forms of stand-alone training (lzquierdo-Gabarren et al., 2010;
Santos et al., 2012). Nevertheless, some studies have shown no antagonistic effects on
strength (McCarthy et al., 2002) or aerobic performance (Mikkola et al., 2007) following
concurrent training. It seemed that the physiological adaptations that followed concurrent
training are dependent on the type and degree of the stimulus applied during the training
session (Baar, 2006) and the incorporation of recovery post training (Leveritt et al., 1999).
These could result in beneficial effects of concurrent training and recent studies tried to

clarify it, namely in child population (Marta et al., 2013a, 2013b; Santos et al., 2012).

Other main issue about this methodology is the sequential order for better results. Two
decades ago, Sale et al. (1990) reported that concurrent training in the same day instead of

different days might inhibit the strength development but not VO,max. Recently, Chtara et

al. (2005) confirmed that aerobic training followed by resistance training produced greater

improvements in aerobic performance than the reverse order or the separating the training
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methods, thus highlighting the relevance of concurrent training. On this, it is important to
note that this study was conducted in adults. The inconsistencies across these findings may be
explained by the studies designs and/or training protocols (Leveritt et al., 2003). These
included the mode of aerobic exercise, variations in the intensity and volume of the strength
and aerobic training, different sequences of the resistance and aerobic training sessions,
distinct recovery periods between the resistance and aerobic sessions and variations in the
frequency of training sessions per week (Arazi et al., 2011; Fyfe et al., 2014). Nevertheless,
the effects of concurrent resistance and aerobic training and its consequences in prepuberty

are yet to be investigated.

Along with the scarce results regarding the effects of resistance training and aerobic
combinations, to the authors’ best knowledge, there are no data regarding the effect of
intra-session concurrent aerobic and resistance training or separately components in
prepubertal population. Such data would give insight into the influence of concurrent training
in explosive strength adaptation and aerobic capacity. Therefore, the current study aimed to
compare the effects of an 8-week of the stimulus training period with different training
activities performed during the same training session or during different training sessions on

explosive strength and VO,max parameters in prepubertal children. The established

hypothesis submitted in this article is that prepubertal children can increase their explosive
strength performances by concurrent training sessions conducted separately over a

consecutive 8-week period. We also hypothesize that VO,max increases independently from

the different combination approaches.

Methods

Experimental Approach to the Problem

The aim of the current study was to compare the effects of 8-week training periods of
resistance training alone (R), concurrent resistance and aerobic training in the same session

(RA) or in two different sessions (CT) on explosive strength and VO,max in prepubertal

children. The study followed a repeated measures design with each participant being
randomly assigned into a specific program or a control group (no training program), and
evaluated in pre- and post-test momentum. Concerning the training protocol applied, it was
verified in previous studies (Marta et al., 2013b; Santos et al., 2012) strength and
cardiovascular improvements in children using the same training protocol. Based on those
studies and in the knowledge of an experienced coach and researcher, it was structured a
training program, comprising specific sets, repetitions and drills. Moreover, concurrent
resistance and aerobic training in different sessions was chosen because there were no

reports about its effects in prepubertal children.
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Subjects

The sample consisted of 168 prepubertal children (aged 10.9 + 0.5 years) from the school
cluster Santa Clara (Guarda, Portugal), that were randomly assigned into different training
programs. The height and body mass of the entire sample was as follows: 1.43 + 0.07 m, and

40.0 + 8.8 kg, respectively.

The inclusion criteria were children aged between 10 and 11.5 years old (without a chronic
pediatric disease or orthopedic limitation and without a regular oriented extra-curricular
physical activity (i.e., practice of some sport in an academy). For the entire sample,
participation in a minimum of 14 or 30 training sessions (depending the experimental group)

was required to be included in the analysis.

Before data collection and the beginning of the training, each participant reported any health
problems, physical limitations, physical activity habits and training experiences for the last 6
months. Thereafter, maturity levels based on Tanner stages (Duke et al., 1980) were self-
assessed, and to minimize the effects of growth, only children that were self-assessed in
Tanner stages -1l were selected. No subject had regularly participated in any form of training
program prior to this experiment. Efforts were made to collect a sample for making
comparable groups. After local ethics board approval, ensuring compliance with the
declaration of Helsinki, the participants (prepubertal children) were informed about the study
procedures, risks and benefits, and a written informed consent was signed by the

parent/guardian of the subjects.

Procedures

Sample Procedures

One hundred and sixty eight healthy children recruited from a Portuguese public high school
were randomly assigned to 3 experimental groups (8-week training, twice a week, from
January 14 to March 15, 2013) and 1 control group (C) as follows: 1 group performing
resistance training alone (R: n= 41, 22 girls, 19 boys); another group performing concurrent
resistance and aerobic training in the same session (RA: n= 45, 24 girls, 21 boys); the third
performing concurrent resistance and aerobic training in different sessions (CT: n= 38, 17
girls, 21 boys); and the control group (C: n= 44, 23 girls, 21 boys) - no training program. This
last group followed the physical education class curriculum and did not have a specific
training program. The assigned groups were determined by a chance process (a random
number generator on a computer) and could not be predicted. This procedure was established
according to the “CONSORT” statement. The participants were randomly assigned into 1 of 4

intervention arms. Randomization was performed using R software version 2.14 (R Foundation
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for Statistical Computing). Before the start of the training, all the sample subjects attended
physical education classes twice a week, with duration of 45 and 90 minutes each class,
respectively. Typical physical education classes with an intensity low to moderate included
various sports (team sports, gymnastics, dance, adventure sports, among others) with an

evident pedagogical focus.

Training Procedures

The training program was implemented additionally to physical education classes. Prior to the
training, the subjects warmed up for approximately 10 minutes with low to moderate
intensity exercises (e.g., running, sprints, stretching and joint specific warm-up). Joint-
rotations included slow circular movements, both clockwise and counter-clockwise, until the
entire joint moved smoothly. Stretching exercises included back and chest stretches, shoulder
and side stretches, wrist, waist, quadriceps, groin, and hamstring stretches. At the end of the
training sessions, all subjects performed 5 minutes of static stretching exercises such as
kneeling lunges, ankle over knee, rotation and hamstrings. After the warm-up period, all the
training groups were submitted to a resistance training program composed of 1 and 3 kg
medicine ball throws, jumps onto a box (from 0.3 to 0.5 m), vertical jumps above a 0.3-0.5 m
hurdle and sets of 30 to 40 m of speed running.

After completion of the resistance training for the RA, CT and R groups, the RA group
performed a 20m shuttle run exercise, whereas the CT group performed a 20m shuttle run
exercise in an alternate session (on the next day) after the warm-up. This aerobic task was
developed based on an individual training volume that was set to approximately 75% of the
established maximum aerobic volume achieved on a previous test. After 4 weeks of training,
the RA and CT subjects were reassessed using 20m shuttle run tests to readjust the volume
and intensity of the 20m shuttle run exercise. Each training session lasted approximately 45
minutes (resistance training) to 60 minutes (concurrent training). It is important to mention
that CT performed resistance training alternate with aerobic training in different days
(Resistance - Aerobic - Resistance - Aerobic). The rest period between sets was 1 minute and
that between exercises was 2 minutes. Both R and RA trained on the same day of the week
(with 2/3 days between training sessions) and at the same morning hour. CT trained between
Monday and Thursday (with 3 days between training sessions) on the same morning hour that

R and RA groups.

Before the start of the training, subjects completed two familiarization sessions to practice
the drill and routines they would further perform during the training period (i.e., power
training exercises and 20m shuttle run test). During this time, the children were taught about
the proper technique on each training exercise, and any of their questions were properly
answered to clear out any doubts. During the training program there was a constant concern

to ensure the necessary security and maintenance of safe hydration levels, as well as to

21



Chapter 3. Experimental Studies

encourage all children to do their best to achieve the best results. Clear instructions about
the importance of adequate nutrition were also delivered. For the 20m shuttle run, the
instructions were given with the aid of a multi-stage fitness test audio CD of the
FITNESSGRAM® test battery. Throughout the pre- and experimental periods, the subjects
reported their non-involvement in additional regular exercise programs for developing or
maintaining strength and aerobic performance besides institutional regular physical education

classes. A more detailed analysis of the program can be found in table 1.
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Table 1 - Training Program Design (sets x repetitions/distances).

1kg Ball-Throw - Chest 1 kg Medicine Ball Throw (cm); 3kg Ball-Throw - Chest 3kg Medicine Ball Throw
(cm); SL Jump - Standing Long Jump (cm); CM Jump - Counter Movement Vertical Jump (cm); 20m Sprint
- 20m Sprint Running (s); MAV- maximal individual aerobic volume.

Sessions
Exercise 1 2 3 4 5 6
1kg Ball-Throw 2x8 2x8 2x8 2x8 2x8 2x8
3kg Ball-Throw 2x8 2x8 2x8 2x8 2x8 2x8
SL Jump 2x4 2x4 2x4 2x4 2x4 2x4
CM Jump 1x5 1x5 1x5 1x5 2x5 2x5
20m Sprint 2x20 m 2x20 m 2x20 m 2x20 m 3x20 m 3x20 m
20m Shuttle Run (MAV) 70% 70% 70% 70% 75% 75%
Sessions
Exercise 7 8 9 10 11 12
1kg Ball-Throw 2x8 2x8 3x8 3x8 3x8 3x8
3kg Ball-Throw 2x8 2x8 2x8 2x8 3x6 3x6
SL Jump 2x4 2x4 3x4 3x4 3x4 3x4
CM Jump 2x5 2x5 2x5 2x5 3x5 3x5
20m Sprint 3x20 m 3x20 m 3x20 m 3x20 m 3x30 m 3x30 m
20m Shuttle Run (MAV) 75% 75% 75% 75% 80% 80%
Sessions
Exercise 13 14 15 16
1kg Ball-Throw 3x8 3x8 3x8 3x8
3kg Ball-Throw 3x6 3x6 3x6 3x6
SL Jump 4x4 4x4 4x4 4x4
CM Jump 3x5 3x5 3x5 3x5
20m Sprint 3x30 m 3x30m 3x30m 3x30m
20m Shuttle Run (MAV) 80% 80% 80% 80%

The experimental groups were assessed for upper and lower body explosive strength (chest 1
and 3 kg medicine ball throws and jumps, respectively), running speed (20m sprint running),
and VO,max (20m shuttle run test) before and after the 8-weeks of the training program. The
testing assessment procedures were always conducted in the same indoor environment, and
the same weekly in the schedule. Each subject was familiarized with the power training tests

(ball throws, jumps, and sprint) and with the 20m multistage shuttle run test. The same
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researcher performed the training program, anthropometric and physical fitness assessments,

and data collection.

Testing Procedures

Anthropometric Measurements. All anthropometric measurements were assessed according to
international standards for anthropometric assessment (Marfell-Jones et al., 2006) and were
obtained prior to any physical performance test. The participants were barefoot and wore
only underwear. Body mass (in kg) was measured to the nearest 0.1 kg using a standard digital
floor scale (Seca, model 841, Germany). To evaluate body height (in cm), a precision

stadiometer with a scale range of 0.10 cm was used (Seca, model 214, Germany).

20-meter Multistage Shuttle Run. This test involved continuous running between 2 lines 20m
apart in time to recorded beeps. The subjects ran between the 2 lines, turning when signalled
by the recorded beeps. After about 1 min, a sound indicates an increase in speed, and the
beeps will be closer together. This continues each minute (level). The common version with
an initial running velocity of 8.5km/h and increments of 0.5km/h each minute (Léger et al.,
1988) was used. When the participants failed to reach the line on 2 consecutive occasions,

they were stopped and the number of completed 20m laps was recorded. Estimated VO,max

(ml.kg_ 1.min_ 1) was calculated by Léger’s equation (Léger et al., 1988). The 20m Shuttle Run
test has shown an ICC of 0.97.

Chest Medicine Ball Throw (1 and 3 kg). This test was performed according to the protocol
described by Mayhew et al. (1997). The subjects were seated with the backside of their trunk
touching a wall. They were required to hold medicine balls (Bhalla International - Vinex
Sports, Meerut - India) that weighed 1 kg (Vinex, model VMB-001R, perimeter 0.72 m) and 3
kg (Vinex, model VMB- 003R, perimeter 0.78 m) with their hands (abreast of chest) and throw
the ball forward for the maximum possible distance. Hip inflection was not allowed, nor was
withdrawal of the trunk away from the wall. Three trials were given, and the furthest throw
was measured (in cm) from the wall to the first point at which the ball contacted the floor.
One minute of rest was provided between the 3 trials. The intraclass correlation coefficients
(ICC) for the chest 1 kg and 3 kg medicine ball throws data were both ~0.98.

Standing Long Jump (SL Jump). This test was assessed using the EUROFIT test battery (Adam
et al., 1988). The participants stood with their feet slightly apart (toes behind a starting line)
and jumped as far forward as possible. Three trials were given, and the furthest distance was
measured (in cm) from the starting line to the heel of the foot nearest to this line. The

standing long jump has shown an ICC of 0.94.
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Counter Movement Vertical Jump (CM Jump). This test was conducted on a contact mat that
was connected to an electronic power timer, control box and handset (Globus Ergojump,
Italy). From a standing position, with their feet shoulder-width apart and hands placed on the
pelvic girth, the subjects performed a counter movement with their legs before jumping.
Such movement makes use of the stretch-shorten cycle in which the muscles are pre-
stretched before shortening in the desired direction (Linthorne, 2001). The subjects were
informed that they should try to jump vertically as high as possible. Each participant
performed three jumps with a 1 minute recovery between attempts. The highest jump (in cm)

was recorded. The counter movement vertical jump has shown an ICC of 0.91.

20-meter Sprint Running (20m Sprint). On a 20m length track, the subjects were required to
cover the distance in the shortest time possible. The time (in sec) to run 20m was obtained
using photocells (Brower Timing System, Fairlee, VT, USA). Three trials were performed, and
the best time scored (seconds and hundredths) was registered. The 20m sprint running (time)
has shown an ICC of 0.97.

Statistical Analysis

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) v22.0®
for Windows and statistical significance was set at p< 0.05. Standard statistical methods were
used to calculate the means and standard deviations. The normality of the distribution was
verified by the Kolmogorov-Smirnov test. The within-subject reliability of the aerobic and
strength tests was determined using the intraclass correlation (ICC) and 95% confidence
interval (Cl 95%). We performed a univariate analysis (one-way ANOVA and Qui-Squared test)
to compare physical performance variables, age, body mass index (BMI) and body fat
percentage (BFP) at baseline between groups. To evaluate the changes from pre-treatment
and post-treatment we used a paired t-test for each group and we performed a multivariate
analysis of covariance (MANCOVA) with sex and group as fixed-effect and age, BMI, BFP, and
physical performances variables as covariates. The normality of the residuals was validated by
the Kolmogorov-Smirnov test, and the homogeneity of the variance-covariance matrix was
validated by the Box M test. This assumption was not verified, and we used the Pillai’s trace
test statistics. An analysis of covariance (ANCOVA) was estimated for each dependent
variable, followed by Bonferroni's post-hoc comparison tests. From the ANCOVA, it was also

possible to analyze the effect size of group on the physical performance variables.
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Results

At baseline (table 2), there were no differences among the groups on sex, age, BMI, BFP, and
all physical performance variables, except on VO,max (F (1,161) = 11.49, p< 0.001).
Bonferroni test showed that the VO,max was significantly lower on the CT group than the

other experimental groups.

Table 2 -Univariate Analysis.

Percentage (%) of sex, mean = SD of age, body mass index (BMI), body fat percentage (BFP), maximal
oxygen uptake (VO2max), and muscle strength variables in resistance training alone (R), intra-session
concurrent resistance and aerobic training (RA), concurrent training performed in different sessions
(CT), and control group (C). VO2max - Multistage Shuttle Run (ml.kg'.min-"); 1kg Ball-Throw - Chest 1 kg
Medicine Ball Throw (cm); 3kg Ball-Throw - Chest 3kg Medicine Ball Throw (cm); SL Jump - Standing
Long Jump (cm); CM Jump - Counter Movement Jump (cm); Sprint - 20m Sprint Running (s).

R RA CcT c p
Sex
#1  Female, n (%) 22 (53.7) 24 (53.3) 17 (44.7) 23 (52.3) 0.841
Male, n (%) 19 (46.3) 21 (46.7) 21 (55.3) 21 (47.7)
Age, mean + SD 10.8+0.4 10.8+0.5 11.0£0.5 10.9+0.5 0.062
BMI, mean + SD 19.3+3.4 19.3+3.0 19.2£2.9 19.2+3.1 0.997
BFP, mean + SD 22.5+7.7 22.618.2 21.4+8.6 21.6+7.0 0.845
VO;max 44.1+3.1 44.4+3.3 41.1£2.2 44.8+3.6 0.000****
#2  1kg Ball-Throw 347.8459.8 358.2+62.6 336.5+72.7 364.3+55.9 0.205
3kg Ball-Throw 224.0+38.9 224.4+40.8 235.1+49.6 224.3+44.3 0.608
SL Jump 124.7+13.1 130.6217.5 128.3423.0 132.6+19.6 0.240
CM Jump 21.3+4.5 22.3+4.0 23.816.1 22.2+4.7 0.154
20m Sprint 4.410.2 4.4+0.3 4.4+0.4 4.4+0.3 0.997

**** p < 0.001; #1 - Qui-squared test; #2 - One-way ANOVA

Test - retest reliability measurements of physical performance variables (table 3) showed ICC

values from 0.808 to 0.991, demonstrating very good results.

Table 3 - Intraclass correlation (95% confidence interval for ICC) of maximal oxygen uptake (VO2max) and
muscle strength variables in resistance training alone (R), intra-session concurrent resistance and aerobic
training (RA), concurrent training performed in different sessions (CT), and control group (C).

Overall R RA CcT C

VO,max 0.850 (0.802 - 0.887) 0.915 (0.847 - 0.954) 0.873 (0.781 - 0.928) 0.808 (0.660 - 0.895) 0.914 (0.848 - 0.952)

1kg
Ball- 0.979 (0.972 - 0.985) 0.985 (0.972 - 0.992) 0.986 (0.974 - 0.992) 0.991 (0.983 - 0.995) 0.982 (0.968 - 0.990)
Throw

3kg

Ball- 0.951 (0.934 - 0.963) 0.981 (0.964 - 0.990) 0.967 (0.940 - 0.981) 0.981 (0.964 - 0.990) 0.912 (0.844 - 0.951)
Throw
SL
Jump
M
Jump
20m
Sprint

0.925 (0.899 - 0.944) 0.963 (0.932 - 0.980) 0.940 (0.894 - 0.967) 0.969 (0.942 - 0.984) 0.870 (0.773 - 0.927)
0.898 (0.864 - 0.924) 0.931 (0.875 - 0.963) 0.929 (0.874 - 0.960) 0.855 (0.739 - 0.922) 0.938 (0.888 - 0.965)

0.970 (0.959 - 0.978) 0.963 (0.931 - 0.980) 0.973 (0.951 - 0.985) 0.986 (0.974 - 0.993) 0.973 (0.952 - 0.985)
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Explosive strength measures have increased significantly on R group, except on VO,max.

Explosive strength measures have also increased significantly on RA and CT groups. C group

presented no statistical increases on the explosive strength measures (table 4). These results

did corroborate the hypothesis that VO,max increases independently from the different

combination approaches.

Table 4 - Mean + SD and paired t-test to maximal oxygen uptake (VO2max) and muscle strength variables
pre- and post-training momentum in resistance training alone (R), intra-session concurrent resistance
and aerobic training (RA), concurrent resistance and aerobic training in different sessions (CT), and
control group (C). VO2max - Multistage Shuttle Run (ml.kg'.min-"); 1kg Ball-Throw - Chest 1 kg Medicine
Ball Throw (cm); 3kg Ball-Throw - Chest 3kg Medicine Ball Throw (cm); CM Jump - Counter Movement
Jump (cm); SL Jump - Standing Long Jump (cm); 20m Sprint - 20m Sprint Running (s); **** p < 0.001.

Pre Post Difference o
(Pre - Post)
VOzmax 44.1+3.1 44.414.0 -0.4£1.5 0.124
1kg Ball-Throw 347.8+59.8 368.1+63.8 -20.3+10.8  0.000****
3kg Ball-Throw 224.0+38.9 242.2+41.6 -18.2+7.9 0.000****
R SL Jump 124.7+13.1 131.2+14.9 -6.5+3.8 0.000****
CM Jump 21.3+4.5 22.445.2 -1.1£1.8 0.000****
20m Sprint 4.4+0.2 4.3+0.2 0.1£0.1 0.000%***
VOzmax 44.4+3.3 46.1x4.1 -1.7£1.9 0.000****
1kg Ball-Throw 358.2+62.6 378.6£63.7 -20.4£10.7  0.000****
3kg Ball-Throw 224.4+40.8 244.0:42.3 -19.5£10.8  0.000****
RA SL Jump 130.6+17.5 139.8+20.4 -9.1£6.6 0.000****
CM Jump 22.3+4.0 23.3+4.3 -0.9+1.6 0.000****
20m Sprint 4.4+0.3 4.3:0.3 0.1£0.1 0.000****
VOzmax 41.1£2.2 44.2+2.8 -3.1£1.5 0.000****
1kg Ball-Throw 336.5+72.7 357.5+70.7 -21.049.4 0.000****
T 3kg Ball-Throw 235.1+49.6 254.0:47.9 -18.9+9.4 0.000****
SL Jump 128.3+23.0 136.5+23.3 -8.245.7 0.000****
CM Jump 23.816.1 26.2+7.9 -2.4+3.8 0.000****
20m Sprint 4.4+0.4 4.3:20.4 0.1£0.1 0.000%***
VO2max 44.8+3.6 45.0:4.0 -0.2+1.6 0.386
1kg Ball-Throw 364.3155.9 367.5£59.4 -3.3£10.8 0.053
3kg Ball-Throw 224.3+44.3 229.9+45.2 -5.5+18.8 0.057
¢ SL Jump 132.6+£19.6 135.7+23.2 -3.1211.0 0.066
CM Jump 22.2+4.7 22.615.3 -0.4:1.8 0.103
20m Sprint 4.4+0.3 4.4:0.3 0.0=+0.1 0.076

Changes from pre- to post training momentum were observed with paired t-test (table 4)

showed better results on CT group in VO,max, 1kg Ball-Throw, and CM Jump tests compared

to the other experimental groups; RA group presented better results than the other
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experimental groups on 3kg Ball-Throw and SL Jump. On 20m sprint all experimental groups

showed similar results.

The results of MANCOVA showed that only the group factor presented statistical significance
with a medium effect (1]12,= 0.293, p < 0.001) on changes of explosive strength and VO,max

measures for the different groups, adjusted to the covariate variables. Neither the

interaction nor the sex factor were significant. Moreover, medium effect sizes were found on

the 1kg Ball-Throw (rlf,= 0.357, F (3, 160) = 29.58, p < 0.001), 20m sprint (I]f,; 0.294, F
(3,160) = 22.19, p < 0.001), and VO,max (rlf)= 0.374, F (3,160) = 31.87, p < 0.001). Small
effect sizes were verified on the 3kg Ball-Throw (rlf,= 0.222, F (3,160) = 12.69, p < 0.001), SL

Jump (nj=0.117, F (3,160) = 7.09, p < 0.001), and on the CM Jump (3= 0.088, F (3,160) =

5.17, p < 0.01). Bonferroni test showed on the 1kg Ball-Throw (Figure 1) and 3kg (Figure 2),
SL Jump (Figure 3), and 20m sprint (Figure 5) that changes were significantly higher on R, RA
and CT groups than C group; increases on the CM Jump were significantly higher on CT group

than RA, and C groups (Figure 4). In addition, the VO, 555 increases more significantly on RA

and CT groups than R and C groups (Figure 6).
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Figure 1. Spaghetti Plot. Obtained values in pre- and post-test of training in resistance training

alone (R), intra-session concurrent training (RA), concurrent training performed in different sessions
(CT), and control group (C) on chest 1kg medicine ball throw.
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Figure 2. Spaghetti Plot. Obtained values in pre- and post-test of training in resistance training
alone (R), intra-session concurrent training (RA), concurrent training performed in different
sessions (CT), and control group (C) on chest 3 kg medicine ball throw.
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Figure 3. Spaghetti Plot. Obtained values in pre- and post-test of training in resistance training
alone (R), intra-session concurrent training (RA), concurrent training performed in different
sessions (CT), and control group (C) on standing long jump.
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Figure 4. Spaghetti Plot. Obtained values in pre- and post-test of training in resistance training
alone (R), intra-session concurrent training (RA), concurrent training performed in different
sessions (CT), and control group (C) on counter movement vertical jump.
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Figure 5. Spaghetti Plot. Obtained values in pre- and post-test of training in resistance training
alone (R), intra-session concurrent training (RA), concurrent training performed in different
sessions (CT), and control group (C) on 20m sprint running.

-1 . min-1
Jml‘gg .min-1)
L

Ima

VO,

s
=
1

1
Training (Pre-Post)

Figure 6. Spaghetti Plot. Obtained values in pre- and post-test of training in resistance training
alone (R), intra-session concurrent training (RA), concurrent training performed in different
sessions (CT), and control group (C) on maximal oxygen uptake (VOzmax).

With regard to the sex factor, there was found no influence on this factor, adjusted to the
covariate variables. On 1kg Ball-Throw (F(1, 160) = 0.80, p > 0.05), and 3 kg (F(1, 160) = 1.51,
p > 0.05) (Figure 7 and Figure 8, respectively), SL Jump (F(1, 160) = 0.04, p > 0.05) (Figure 9),
CM Jump (F(1, 160) = 0.80, p > 0.05) (Figure 10), 20m Sprint (F(1, 160) = 0.48, p > 0.05)
(Figure 11), and VO,max (F(1, 160) = 1.91 p > 0.05) (Figure 12).
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Figure 7. Spaghetti Plot. Obtained values in pre- and post-test of training in prepubertal girls and
boys on chest 1kg medicine ball throw (cm).
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Figure 8. Spaghetti Plot. Obtained values in pre- and post-test of training in prepubertal girls and
boys on chest 3kg medicine ball throw (cm).
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Figure 9. Spaghetti Plot. Obtained values in pre- and post-test of training in prepubertal girls and
boys on standing long jump (cm).
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Figure 10. Spaghetti Plot. Obtained values in pre- and post-test of training in prepubertal girls and
boys on counter movement vertical jump (cm).
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Figure 11. Spaghetti Plot. Obtained values in pre- and post-test of training in prepubertal girls and
boys on 20m sprint running (s).
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Figure 12. Spaghetti Plot. Obtained values in pre- and post-test of training in prepubertal girls and
boys on VOzmax (ml.kg-1.min-1).

Discussion

The main purpose of concurrent training in training on explosive strength and VO,max in a

sample of prepubertal girls and boys. The main results confirmed that explosive strength was
improved in all the experimental groups with better results in the concurrent training group,
which performed the training in different sessions, followed by the intra-session concurrent
training group that performed the training in the same session and finally by the resistance

training alone group. In addition, on the VO,max was shown that RA and CT groups were

increased from pre- to post-training momentum. Thus, concurrent training in two different

sessions is suggested to be an effective method to increase explosive strength and VO,max in

prepubertal children.
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Several studies have suggested that concurrent training could have an interference effect on
muscle strength development (Garcia-Pallarés & lzquierdo, 2011; Sale et al., 1990; Santos et
al., 2012). The main reasons for these results are deeply related to acute fatigue and with
the different neuromuscular adaptations from the aerobic or resistance training (Marta,
2012). Moreover, small reductions in overload during the training period could also
compromise adaptations, and no clear findings describe an inhibition in strength or aerobic
adaptation by different neuromuscular adaptations (lzquierdo-Gabarren et al., 2010; Marta,
2012). Hereupon, the relevance of these mechanisms either in isolation or together in

inhibiting adaptation during concurrent training must be clarified.

The increased explosive strength of the upper and lower limbs that was observed in the
training groups (i.e., 1 and 3 kg Ball-Throw, SL Jump, CM Jump), in the 20m sprint and in

VO,max demonstrate that, although the concurrent training performed in different sessions

obtained better results, when performed in the same session and resistance training alone
may also be a beneficial training stimuli to improve explosive strength in prepubertal
children. These results may have a special significance to optimize exercise programs in
prepubertal children. The current data are congruent with the results of previous study
(Marta et al., 2013b) in this area that have been conducted with prepubertal children.
Furthermore, no differences were found post training in the C group in any variable related to

explosive strength, and in the post training VO,max in the R group. Our findings are consistent

with the results of previous studies (Dorgo et al., 2009; Marta et al., 2013b; Santos et al.,
2012), that mentioned that resistance training programs are not effective in improving

aerobic fitness in prepubertal children.

Resistance and aerobic training are regularly performed concurrently at school or in
extracurricular activities (Santos et al., 2012) in an attempt to obtain gains in several
physiologic systems to achieve total conditioning, to meet functional demands, or to improve
several health-related components simultaneously (Marta, 2012). Previous studies reported
that concurrent training appears to be effective on both strength and aerobic fitness features
of prepubertal children but also in adults (Marta et al., 2013b; Shumann et al., 2014).
Moreover, performing concurrent training allows the benefits from both aerobic and
resistance training to be acquired simultaneously (Garcia-Pallarés & Izquierdo, 2011;
Izquierdo-Gabarren et al., 2010; Marta et al., 2013b). Furthermore, introducing both aerobic
and muscular fitness is fundamental to promote health and should be a suitable goal in a

training program (Taanila et al., 2011).

The current study also showed better results in the groups that performed concurrent training
in different sessions. The literature is far from be consensual regarding the efficacy of
concurrent training performed on the same day (Craig et al., 1991) or on the alternate days

each week (Glowacki et al., 2004). According to Doma & Deakin (2013), strength and aerobic
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training performed on the same day appears to impair running performance the following day,
and may compromise adaptation compared to alternate - day concurrent training (Dudley &
Djamil, 1985; Izquierdo-Gabarren et al., 2010). In addition, Fyfe et al. (2014) reported that
concurrent training performed on the same day can lead to increased energy expenditure,
which consequently causes a higher saturation and residual fatigue. However, it is worth
mentioning that there were no significant differences between the groups. This may be
explained by the faster recovery of children when submitted to physical exercise compared
with adults (Hatzikotoulas et al., 2009). Indeed, lower muscle glycolytic activity and higher
muscle oxidative capacity allows the faster resynthesizing of phosphocreatine in children
(Ratel et al., 2002). Regarding to the gender gap, the results seem to suggest that there is no

significant effect on training - induced strength or VO,max adaptations. These data

corroborate the results of previous studies conducted with children, reporting no significant
differences in strength and aerobic response related to sex. Marta et al. (2013a) found that
sex did not affect training-induced strength or aerobic fitness adaptations in prepubertal
children (8- week resistance training program and aerobic training program, 2x1h week,
intensity: 75% heart rate maximum). Siegel et al. (1989) also observed that following a similar
training period, but using hand-held weights, stretch tubing, balls, and self-supported
movements, training responses of boys and girls were similar, although significant differences

in favour of boys on all initial strength evaluations have been reported.

Training-induced strength gains during and after puberty in males are associated with
increases in fat-free mass, due to the effect of testosterone on muscle hypertrophy. In
reverse, smaller amounts of testosterone in females (resulting from enzymatic conversion of
androgenic precursors in the adrenal gland) seem to limit the magnitude of training-induced
strength gains (Kraemer et al., 1989). However, during preadolescence, beyond the small
muscle mass of the girls, the boys still present a reduced muscle mass, because the effects of
circulating androgens, particularly testosterone, only manifest themselves at puberty (Ramsay

et al.,1990). Regarding the training - induced VO,max adaptations in boys and girls, according

to Vinet et al. (2003) during pre-adolescence there are no significant sex differences in
maximal heart rate and arteriovenous oxygen, and although the stroke volume is significantly
higher in boys than in girls, when expressed relative to lean body mass, the difference is no

longer significant.

According to our results, concurrent training performed in different sessions is effective to

improve explosive strength and VO,max in prepubertal children and may emerge as an

innovative and support tool for teachers, coaches and researchers and may be used in clubs or
YMCA’s when appropriately prescribed and supervised. Although the majority of studies on
physical fitness have focused on aerobic capacity and have neglected muscular fitness, there
is evidence that neuromotor aptitude based on muscular force can be as important as aerobic

capacity in the maintenance of health (Armstrong & Welsman, 1997), and both are essential
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for promoting health (Taanila et al., 2011). The current study provides both promising results
for the application of concurrent training in different sessions to evaluate explosive strength
in prepubertal children and remarks for future research in this area. There are some main
limitations to be considered: i) different training program design or different methods of
organizing training workouts can lead to different training-induced outcomes; ii) the training
period of 8 weeks is rather short; iii) different training durations between resistance training
and concurrent training groups may have conditioned training-induced gains; iv) it was not
possible to elucidate the mechanisms responsible for the observed effects (i.e., no
electrophysiological measures); v) the sample included normal-weight, physically active
prepubertal children. Thereupon, some care shall be taken when translating these findings to

children with different parameters.

Practical Applications

Performing concurrent resistance and aerobic training in different sessions does not impair
strength development in healthy prepubertal children, but it seems to be an effective
exercise program that can be prescribed as a means to improve explosive strength and
aerobic capacity. This should be considered when designing the school-based programs or in
the designing of resistance training in sports clubs to improve its efficiency. Thereupon, this
innovative and safe methodology provides a new path to reduce the monotony of training or
classes and to prepare the individual for a healthy future. It is important to know that
training in different sessions can be performed without implications on prepubertal children’s

growth and health.
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Study 3

Does intra-session concurrent resistance and aerobic training
order influence training-induced explosive strength and VO.max

in prepubertal children?

Abstract

The aim of this study was to analyse the interference of resistance and aerobic training order

over an 8-week period on explosive skills and maximal oxygen uptake (VO,max) in prepubertal

children. One hundred and twenty-eight prepubertal children aged 10-11 years (10.9+0.5
years) were randomly selected and assigned to one of the three groups: intra-session
concurrent aerobic prior to (AR: n=39) or after resistance training (RA: n=45) or control group
(C: n=44; no training program). The C maintained their baseline level performance, and
training-induced differences were found in the experimental groups. Increases were found in
the 1 kg and 3 kg medicine ball throws: AR: 3%, 5.5%, p<0.05, p<0.001; RA: 5.7%, 8.7%,
p<0.001, respectively; in the counter movement vertical jump and standing long jump: AR:
6.5%, 3.4%, p<0.05; RA: 7%, 4.5%, p<0.001, respectively; in the 20m shuttle run time: AR:
2.3%; RA: 4.6%, p<0.001; and, in the VOzmax: AR: 7.3%, p<0.001; RA: 3.8%, p<0.001 from pre-

to post-training. All programs were effective, but RA produced better results than AR for
muscle strength variables, and AR produced better results than RA for aerobic capacity
variables. The present study explored an unknown issue and added useful information to the
literature in this area. These training methods should be taken into consideration to optimize
explosive strength and cardiorespiratory fitness training in school-based programs and sports

club programs.

Key words: Youth, Power, Cardiorespiratory, Muscular Conditioning, Sequence
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Introduction

Concurrent training (i.e., a combination of resistance and aerobic regimens) has become a
recurrent topic for researchers due to the controversial results of different experiments
(Cadore et al., 2012b, 2014; Chtara et al., 2008; Garcia-Pallarés & lzquierdo, 2011; Izquierdo
et al., 2004). Several studies have shown that concurrent training can affect the development
of muscle strength and/or power (Garcia-Pallarés & lIzquierdo, 2011; Hennessy & Watson,
1994; Izquierdo-Gabarren et al., 2010; Leveritt et al., 2003). In contrast, other experiments
have indicated a positive effect of concurrent training on strength (Baker, 2001; Davis et al.,
2008a, 2008b; Gorostiaga et al., 1999; Gravelle & Blessing, 2000; Kraemer et al., 1995) and
on maximal aerobic capacity (Glowacki et al., 2004; Kraemer et al., 2001; McCarthy et al.,
1995; Silva et al., 2012).

Whereas multiple studies have investigated concurrent training in young, adult or even
elderly populations (Chtara et al., 2005, Davis et al., 2008a; Holviala et al., 2010; Marta et
al., 2013b; Takeshima et al., 2007), a limited number of studies have explored concurrent
training in prepubertal (Marta et al., 2013b) and pubertal children (Santos et al., 2012). The
majority of the pediatric research has focused on activities that enhance cardiorespiratory
fitness and recent findings indicate that resistance training offer benefits to children and
adolescents (Faigenbaum & Myer, 2010; Kemper et al., 2000; Santos et al., 2012). Meanwhile,
improvements in muscular fitness, speed and agility, rather than cardiorespiratory fitness,
seem to have a positive effect on skeletal health (Kemper et al., 2000; Santos et al., 2012).
Concurrent aerobic training and resistance training have the potential to bring about gains in
cardiorespiratory and muscular fitness simultaneously (Kang & Ratamess, 2014). Moreover,
children and adolescents involved in physical education classes often perform resistance and
aerobic training concurrently in an effort to achieve specific adaptations to both forms of
training (lzquierdo-Gabarren et al., 2010; Santos et al., 2012). Furthermore, Marta et al.
(2013b), showed that concurrent training is equally effective on training-induced explosive
strength as resistance training alone in prepubertal children. Moreover, this experiment only
compared the effects of intra-session concurrent training vs. resistance training alone. In
fact, concurrent training order in prepubertal children is another important issue that still has
not been investigated. According to Kang & Ratamess (2014), most studies suggest that
different intra-session training order produces no significant differences in training-induced
adaptations because both combinations generate similar improvements in cardiorespiratory
and muscular fitness. Furthermore, those studies also found that either training order can
have its own advantages that could make concurrent training more effective. For example,

Chtara et al. (2005) observed that performing aerobic training prior to resistance training
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could improve running performance and VO,max to a greater extent than the reverse order.

Nevertheless, Cadore et al. (2012a, 2012b) suggested that for intra-session concurrent
training protocols, the strength gains might be optimized with intra-session resistance prior to
aerobic training order. To the best of our knowledge, no research has been conducted
concerning the effects of intra-session concurrent resistance and aerobic training order on
training-induced explosive strength in prepubertal populations; thus, research in this area

seems useful and relevant.

Therefore, the purpose of the current study was to analyze the interference of intra-session
concurrent resistance and aerobic training order over an 8-week period on explosive skills and

maximal oxygen uptake (VO,max) in a large sample of prepubertal children. We hypothesized

that the prepubertal children would show increased explosive strength following the 8-week
intra-session concurrent resistance prior to aerobic training order, and that the prepubertal

children would show increases VO,max independent of the training approach.

Methods

Experimental Approach to the Problem

The aim of the current study was to analyze the interference of intra-session concurrent
resistance and aerobic training order (resistance prior to aerobic training (RA) or aerobic prior
to resistance training (AR)) over an 8-week period on explosive strength and maximal oxygen

uptake (VO,max) in prepubertal children. The study followed a repeated measures design,

with each participant randomly assigned to a specific training program (concurrent resistance
and aerobic training or concurrent aerobic and resistance training) or the control group (no
training regimen). The 8-week period and study design were developed based in specific
studies conducted in prepubertal children which performed in similar periods (Marta et al.,
2013a, 2013b). Based on those studies, and the knowledge of an experienced coach and
researcher, a training program composed of specific sets, repetitions and exercises was
designed. The children were evaluated for changes in strength (chest 1 and 3 kg medicine ball
throw, standing long jump, counter movement vertical jump, and a 20m sprint running) and

cardiovascular parameters (VO,max) before and after 8 weeks of training.

Subjects

The sample consisted of one hundred and twenty-eight healthy prepubertal children (aged

10.91 + 0.51 years) from the Santa Clara school cluster (Guarda, Portugal) who were randomly
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assigned to the different training programs or the control group (C). The average height and
body mass of the entire sample were 1.43 + 0.08 m and 39.12 + 8.60 kg, respectively. The
inclusion criteria were children aged 10 to 11.5 years (in 5% or 6™ grade) without a chronic
pediatric disease or orthopedic limitation and without regular extra-curricular physical

activity (i.e., practice of a sport at an academy).

Procedures

Sample Procedures

Children were recruited from a Portuguese public high school and randomly assigned to two
experimental groups (8-week training, twice a week, from January 14 to March 15, 2015) and
one control group (C). The groups were intra-session concurrent resistance prior to aerobic
training group (RA: n=45, 24 girls, 21 boys), intra-session concurrent aerobic prior to
resistance training group (AR: n= 39, 16 girls, 23 boys), and a control group (C: n=44, 23 girls,
21 boys) with no training protocol. This last group followed the physical education class
curriculum and did not undergo a specific training program. The assigned groups were
determined randomly using a random number generator on a computer and could not be
predicted. This procedure was established according to the “CONSORT” statement, which can
be found at http://www.consort-statement.org/. The participants were randomly assigned to
1 of 3 intervention arms. Randomization was performed using R software version 2.14 (R
Foundation for Statistical Computing, and developed by Bell Laboratories- Lucent
Technologies, in Vienna, Austria). Before the start of training, all subjects attended physical
education classes twice a week, with one class lasting 45 minutes and the other lasting 90
minutes. Typical physical education classes have low to moderate intensity and involve the
performance of various sports (team sports, gymnastics, dance, adventure sports, etc.) with

an evident pedagogical focus.

A detailed analysis of the sample, program, training and testing procedures can be found in
Study 2.

Statistical Analysis

Standard statistical methods were used to calculate means and standard deviations. The
normality of the data distribution was evaluated by applying the Kolmogorov-Smirnov test.
The within-subject reliabilities of the aerobic and strength tests were determined by
calculating ICCs and 95% confidence intervals (Cls). We performed a univariate analyse (One-
way ANOVA) to compare physical performance variables, age, body mass index (BMI) and body

fat percentage (BFP) at baseline between the groups. To evaluate the changes from pre-
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treatment to post-treatment, we used a paired t-test for each group, and we performed a
multivariate analysis of covariance (MANCOVA) with group as fixed-effect and age, BMI, BFP,
and physical performances variables as covariates. The normality of the residuals was
examined by the Kolmogorov-Smirnov test, and the homogeneity of the variance-covariance
matrix was examined by the Box M test. This assumption was not verified, so we used Pillai’s

trace test statistics (M = 81.70, Fp 125 = 1.81, p < 0.05). An analysis of covariance (ANCOVA)

was performed for each dependent variable, followed by the Bonferroni post-hoc comparison
test. Using the ANCOVA results, it was also possible to analyze the effect size of the
intervention on the physical performance variables. The data were analyzed Statistical
Package for Social Sciences (SPSS) v22.0° for Windows, and statistical significance was set at
p< 0.05.

Results

In pre-training, the results showed no differences in BMI, BFP, or in explosive strength

variables between groups, except for age (F2 125 = 3.36, p > 0.05), 1kg ball throw (F3 125 =
4.67, p > 0.05), and aerobic capacity (VO,max) (F2, 125 = 5.44, p > 0.05). Were also showed
differences between the RA and AR groups, and between the AR, RA and C groups (table 1).

Table 1 - Univariate Analysis.

Mean + SD of age, body mass index (BMI), body fat percentage (BFP), maximal oxygen uptake (VO2max),
and muscle strength variables in intra-session resistance prior to aerobic training (RA), intra-session
aerobic prior to resistance training (AR), and control group (C). VOzmax - Multistage Shuttle Run (ml.kg-
.min""); 1kg Ball-Throw - Chest 1 kg Medicine Ball-Throw (cm); 3kg Ball Throw - Chest 3kg Medicine Ball
Throw (cm); SL Jump - Standing Long Jump (cm); CM Jump - Counter Movement Vertical Jump (cm);
20m Sprint - 20m Sprint Running (s).

RA AR c p
Age, mean + SD 10.8+0.5 11.120.5 10.9:0.5 0.038***
BMI, mean + SD 19.323.0 18.2+3.1 19.2+3.1 0.346
BFP, mean + SD 22.618.3 18.6+8.8 21.6+7.0 0.290
VOzmax 44.4+3.3 42.5+3.1 44.8+3.6 0.000****
# 1kg Ball-Throw 3.6x0.6 3.3:0.7 3.6+0.6 0.000****
3kg Ball-Throw 2.2:0.4 2.3:0.4 2.2:0.4 0.081
SL Jump 1.320.2 1.320.3 1.320.2 0.659
CM Jump 0.2+0.0 0.2+0.1 0.2+0.1 0.442
20m Sprint 4.4+0.3 4.30.3 4.4+0.3 0.013*

“*p < 0.05; **** p < 0.001; #1 One-way ANOVA
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The explosive strength variables and the aerobic capacity variable increased significantly in
the RA and AR groups from before to after the 8-week training session. The C group presented
no significant increases in the explosive strength variables nor in the aerobic capacity

variable (table 2). These results did not support the hypothesis that VO,max increases

independently from the implemented exercise training programs.

Regarding the effects of different types of training on explosive strength, changes from pre-
to post-training were observed (table 2). The RA group showed better improvement in the 1
kg Ball-Throw, 3 kg Ball-Throw, SL Jump, CM Jump and 20m sprint running tests compared

with the other experimental group. The AR group showed better improvement in VO,max than

RA group.

Table 2 - Mean + SD and Paired t-test analysis.

Mean = SD and paired t-test to maximal oxygen uptake (VO:max) and muscle strength variables pre- and
post-training in intra-session resistance prior to aerobic training (RA), intra-session aerobic prior to
resistance training (AR) and control group (C). VOzmax - Multistage Shuttle Run (ml.kg'.min""); 1kg Ball-
Throw - Chest 1 kg Medicine Ball Throw (cm); 3kg Ball-Throw - Chest 3kg Medicine Ball Throw (cm); CM
Jump - Counter Movement Jump (cm); SL Jump - Standing Long Jump (cm); 20m Sprint - 20m Sprint
Running (s); *** p < 0.05; **** p < 0.001.

Pre Post Difference b
(Pre - Post)
VO2max 42.5 + 3.1 45.6 + 3.2 -3.1 1.7 0.000****
1kg Ball Throw 3.3+0.7 3.4+ 0.7 -0.1+£0.2 0.033**
AR 3kg Ball Throw 2304 2.4+£0.5 -0.1 £ 0.1 0.000****
SL Jump 1.3+0.3 1.4+0.3 -0.1+£0.2 0.025***
CM Jump 0.2+0.1 0.2+0.1 0.0+0.0 0.001***
20m Sprint 43:0.3 4.2+0.3 -0.1£ 0.0 0.000****
VOzmax 444+ 3.3 46.1 + 4.1 -1.7+£1.9 0.000****
1kg Ball Throw 3.6+ 0.6 3.8+ 0.6 -0.2 £+ 0.1 0.000****
3kg Ball Throw 22+0.4 2.4+0.4 -0.2 £ 0.1 0.000%****
RA SL Jump 1.3+0.2 1.4+0.2 -0.1 £ 0.1 0.000****
CM Jump 0.2+0.0 0.2 +£0.0 0.0+£0.2 0.000****
20m Sprint 4.4+0.3 4.3+0.3 -0.1 £ 0.1 0.000****
VOzmax 44.8 + 3.6 45.0 + 4.0 -0.2+£1.6 0.386
1kg Ball Throw 3.6 0.6 3.7+ 0.6 -0.1 £ 0.1 0.053
c 3kg Ball Throw 2.2+0.4 2.2+0.5 -0.1+£0.2 0.057
SL Jump 1.3+0.2 1.3+0.2 -0.1 £ 0.1 0.066
CM Jump 0.2+0.1 0.2+ 0.1 0.0£0.2 0.103
20m Sprint 4.4+0.3 4.4+0.3 0.0 £0.1 0.076
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The results of MANCOVA showed a statistical significance with a medium effect of the group
factor (r1123= 0.37, p < 0.001) on changes of explosive strength and VO,max measures for the
different groups, adjusted to the covariate variables. Moreover, medium effect sizes of the
group factor were found for VO,max (r112,_= 0.27, F3 125 = 22.10, p < 0.001) and 20m sprint
(r112)=0.30, F2’125 = 25.18, p < 0.001). Small effect sizes of the group factor were found for
the 1 kg Ball-Throw (np= 0.17, F 125 = 12.40, p < 0.001), 3 kg Ball-Throw (13=0.16, Fy 125 =
11.60, p < 0.001), and SL Jump (I]IZ).= 0.05, F2’125 = 3.37, p < 0.05). A small effect size was

also found for the CM Jump (r112)=0.04, F2,125 = 2.22, p = 0.11), but the differences in the CM

Jump results between groups were not statistically significant.

Were presented changes in the 3kg Ball-Throw (Figure 1), SL Jump (Figure 2), and CM Jump
(Figure 3) results from before to after training were significantly higher in the RA and AR
groups than in the C group. The increases in the 1 kg Ball-Throw (Figure 1) and 20m sprint
(Figure 4) results were significantly higher in the RA group than in the AR group. In addition,

VO, max (Figure 5) increased more in the AR group than in the RA group.
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Figure 1. Obtained values in pre- and post-test of training in intra-session resistance prior to aerobic
training (RA), intra-session aerobic prior to resistance training (AR), and control group (C) on chest 1
kg and 3kg medicine ball throw.
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Figure 5. Obtained values in pre- and post-test of training in intra-session resistance prior to aerobic
training (RA), intra-session aerobic prior to resistance training (AR), and control group (C) on maximal
oxygen uptake (VO2max).

46



Chapter 3. Experimental Studies

Discussion

The present study is the first to investigate the order effect of concurrent resistance and
aerobic training among prepubertal children. Specifically, the purpose of the current study
was to compare the effects of an 8-week period of concurrent resistance and aerobic training

order on explosive skills and VO,max training parameters in prepubertal children. The main

findings indicated that the intra-session concurrent training order (resistance prior to aerobic
training/aerobic prior to resistance training) programs investigated here were effective, well-
rounded exercise programs that can be performed to improve explosive strength in
prepubertal children. Nevertheless, the RA group produced better results than the AR group.
Additionally, the AR group showed greater improvement in cardiorespiratory fitness than the
other experimental group. These results are of great interest and are useful for optimizing

and innovating school-based programs at sports clubs for children.

Concurrent resistance and aerobic training have the potential to improve cardiorespiratory
and muscular fitness simultaneously (Cadore et al., 2012b, 2014; Silva et al., 2012). However,
for concurrent training, the best order for intra-session aerobic and resistance training is
unclear. For example, there are studies (Bell et al., 1988; Collins & Snow, 1993) that have
reported that intra-session resistance and aerobic training, regardless of training order, can
similarly improve aerobic capacity and muscular strength, and conclude that both training
orders are equally effective. Yet, in the recent study, Kang & Ratamess (2014) found that
each intra-session training order had its own advantages that should be considered to make
concurrent training more effective. Although the order effect of intra-session concurrent
resistance and aerobic training on training-induced explosive strength in prepubertal children
have not yet been explored, and the present study may provide reliable and useful

information in this area.

In the current study, no significant differences were found between experimental groups (RA
and AR) after training on the variables related to explosive strength and aerobic capacity,
except for the 1 kg Ball-Throw (p < 0.05). Moreover, there were overall increases in explosive
strength of the upper and lower limbs for both experimental training groups, suggesting that
intra-session resistance training prior to aerobic training and intra-session aerobic training
prior to resistance training are both beneficial training stimuli for enhancing explosive
strength and aerobic capacity in prepubertal children. The RA group showed higher
improvements than the AR group in muscle strength variables: the medicine ball throws were
higher (2.7% and 2.2% for the 1 kg and 3 kg ball throws, respectively; p<0.05), the jumps were
higher (1.1% and 0.5% for the CM and SL Jumps, respectively; p<0.05), the 20m times were
lower (2.3%, p<0.001). These results indicated that intra-session resistance prior to aerobic

training may be more effective than intra-session aerobic training prior resistance training to
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improve explosive strength in young children. This is consistent with studies by Cadore et al.
(2012a, 2012b) that observed greater maximal dynamic strength gains (upper and lower body)
and greater force per unit of muscle mass in elderly men from a concurrent training group
that performed resistance training prior to aerobic training (maximal dynamic strength of
upper body: 15%, maximal dynamic strength of lower body: 35.1%, and force per unit of
muscle mass: 27.5%, p< 0.001, p< 0.01, and p< 0.001, respectively) compared to the reverse
order (maximal dynamic strength of upper body: 11.5%, maximal dynamic of lower body:
21.9%, and force per unit of muscle mass: 15.2%, p<0.001, p< 0.01, and p< 0.02,

respectively).

Interestingly, the VO,max was significantly greater after training in the AR group compared

with the RA group (AR: 7.3%; RA: 3.8%, p<0.001), suggesting that intra-session aerobic
training prior resistance training may be more effective than intra-session resistance training
prior aerobic training at improving aerobic capacity in prepubertal children. Nevertheless,
this difference could have been due to the order of training used in the different groups or to
acute neuromuscular fatigue induced by resistance training (used in the RA and AR groups).
Such residual fatigue may reduce the quality of aerobic training, leading to a reduction in
aerobic development over time (Robineau et al., 2014). In fact, the results of the present
study are in line with the results of Chtara et al. (2005), who investigated training order of
concurrent aerobic and resistance training on aerobic capacity and performance in male
sports students (during 12 weeks, twice a week) and found that performing aerobic training

prior to resistance training could improve running performance and VO,max to a greater

extent than the reverse order (8.5% and 13.7%, p< 0.01 and p< 0.01 vs. 4.6% and 11.0%, p<
0.05 and p< 0.01, respectively).

There is no consensus on the interference of intra-session concurrent training order in
performance adaptations. There are studies (Ali-Mohamadi et al., 2014; McGawley &
Andersson, 2013; Taipale et al., 2015) that have reported that intra-session resistance and
aerobic training, regardless of training order, does not impair physiological and performance
adaptations. In contrast, other studies have provided evidence that the order of intra-session
resistance and aerobic training may affect performance adaptations (Bell et al., 1988; Chtara
et al., 2005; Hickson, 1980). However, our findings may clarify previous evidence. Thus, in
the current study, improvements in the explosive strength and in the aerobic capacity for
both experimental training groups were found, indicating that concurrent training, regardless
of training order, does not affect performance in school-age children. This is consistent with
recent work showing that concurrent training is equally effective on training-induced

explosive strength as resistance training alone in prepubertal children (Marta et al., 2013b).

48



Chapter 3. Experimental Studies

In brief, our data suggested that training order influences muscle strength and aerobic
capacity improvement in prepubertal children. Therefore, these results are meaningful for
the development of explosive strength and cardiorespiratory fitness training in school-based
programs and sports clubs’ programs, improving the specificity of training related to children
characteristics, and contributing for the achievement of the results proposed. Furthermore,
intra-session concurrent training order (resistance training prior to aerobic training or aerobic
training prior to resistance training) seems to be effective at improving both explosive
strength and aerobic capacity. Although all programs were effective, the RA group produced
better improvement in muscle strength variables than the AR group, and the AR group
produced better improvement in aerobic capacity variables than the RA group. Thus, it is also
suggested that the effectiveness of the intra-session resistance and aerobic training order
may be dependent on the programs’ priorities. Nevertheless, there are some limitations of
this study that should be addressed: i) field tests were only applied in the experimental
training groups, and laboratory tests with higher control standards may have generated more
accurate data; ii) different methods of organizing training workouts can lead to different

training-induced outcomes.

Practical Applications

To increase the efficiency of physical education classes and to optimize exercise programs,
intra-session resistance prior to aerobic training and intra-session aerobic prior to resistance
training programs should be considered in school-based and sports clubs’ programs.
Furthermore, the youth strength and conditioning programs should include explosive strength
and aerobic training as these are related with improvements in health, fitness, academic
performance and quality of life (Brown, 2007; Moazzami & Khoshraftar, 2011). However, if
the main purpose is to improve aerobic capacity, intra-session aerobic prior to resistance
training should be used. To improve muscular strength, intra-session resistance prior to
aerobic training would be the most suitable alternative. Therefore, the current study is
innovative, and these findings can be helpful for teachers, coaches and researchers in their

efforts with prepubertal children.
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Study 4

Modelling fitness variables responses to training in children

Abstract

The aim of this study was to determine strength and oxygen uptake (VO;max) performances
according to different training program intervention design with 8-weeks duration in
prepubertal children through a multiple linear regression models. Two hundred and forty-five
healthy prepubertal children (aged 10.9 + 0.5 years) were randomly assigned to a specific
training program (resistance training alone - R, aerobic training alone - A, intra-session
concurrent aerobic and resistance training - AR, intra-session concurrent resistance and
aerobic training - RA, or concurrent training performed in different sessions - CT) or a control
group (no training regimen - C). It was possible to develop indirect predictive models for each
training method, by including each variable pre-training, body fat percentage and body mass
index. The models provided explained 82% of variance in the VO,max, 98% in the 1kg Ball-
Throw, 96% in the 3kg Ball-Throw, 92% in the Counter-movement Jump, 93% in the Standing-
long jump and 98% in the 20m sprint performances. This novel approach to training evaluation
and control aims to provide a tool to allow professionals to calculate changes with a high
confidence level (Cl 95%), to control gains and to choose the best training methodology to
apply according to the defined purposes. The results of this study could be a great support to
teachers, coaches and professionals providing important tools to improve the efficacy and

individualization of training.

Key words: concurrent training, resistance, aerobic, explosive, linear regression, youth.
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Introduction

Several studies reported that concurrent training can be highly effective for improving
strength and aerobic fitness simultaneously (Kang & Ratamess, 2014; Pugh et al., 2015; Alves
et al., 2016a, 2016b) in children. Concurrent training is commonly defined as a combination
of resistance (R) and aerobic (A) training, performed either in the same training session or
separately on alternating days, often limiting the recovery between subsequent exercise
sessions (Bell et al., 1997, 2000; Cadore et al., 2010, 2012; Reed et al., 2013). To date,
physical education professionals have used this training approach as an efficient and
motivational method for children to improve health-related parameters and to gain physical
activity habits (Alves et al., 2016a).

More recently, our lab (Alves et al. 2016a, 2016b) contributed to this field by showing that
different types of concurrent training (resistance exercise and aerobic training either in the
same training session or in different sessions; and aerobic training followed by resistance
exercise vs. resistance training followed by aerobic exercise) is equally effective for training-
induced explosive strength, depending on the programs’ priorities. However, it still difficult
for practitioners not only to choose the best training design but also to predict and identify
training standards for resistance and aerobic enhancement in school environment. In fact, to
the best of our knowledge, no study has tried to predict the possible gains or decreases in
resistance and aerobic performances in a concurrent training context. This not only could
help to implement the best training “formula” in order to achieve physical fitness goals, but
also to have more details on how each subject respond to the training and allows a
comparison of individual progress with previously established standards goals. Therefore, the
aim of the current study was to determine strength and maximal oxygen uptake (VO;max)
performances according to different training program intervention design with 8-weeks
duration in prepubertal children through a multiple linear regression models. Our hypothesis
was that it was possible to predict models that would have different responses based on
training program interventions, explaining the relationship between strength, cardiovascular

and anthropometrics variables in the prepubertal children performance.
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Methods

Experimental Approach to the Problem

The study design was developed based in previous studies conducted in prepubertal children
which performed in similar periods (Alves et al., 2016a, 2016b). Two hundred and forty-five
healthy prepubertal children (aged 10.9 + 0.5 years) from a school cluster (Guarda, Portugal)
were randomly assigned to a specific training program (R, A, AR, RA, or CT) or a control group
(C, no training regimen) during 8 weeks. The average height and body mass of the entire

sample were 1.4 + 0.1 m and 39.8 + 9.0 kg, respectively.

The training programs consisted in a 10-minute warm-up period (low to moderate intensity
exercises) followed by strength and/or aerobic training and vice versa. The A group
performed 20m shuttle run exercise only. The R group performed resistance training only,
comprising 1 and 3 kg medicine ball throws, jumps onto a box (from 0.3 to 0.5 m), vertical
jumps above a 0.3-0.5 m hurdle and sets of 30 to 40 m of speed running. The RA group
performed the same resistance training and then a 20m shuttle run exercise, while the AR
group performed a 20m shuttle run exercise and then resistance training. Finally, CT
performed resistance training, and in an alternate session (on the next day) performed a 20m
shuttle run after the warm-up. After 4 weeks of training, A, RA, AR, and CT groups were
reassessed by a 20m shuttle run test to readjust the volume and intensity of the 20m shuttle

run exercise.

Children were evaluated for changes in resistance (chest 1 and 3 kg medicine ball throw,
standing long jump, counter movement vertical jump, and a 20m sprint running) and
cardiovascular parameters (VO;max) before and after 8 weeks of training. More detailed
information about the training and evaluation procedures of this study can be found in Alves
et al. (2016a, 2016b).

Statistical Analysis

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) v22.0%
for Windows and statistical significance was set at p< 0.05. Standard statistical methods were
used to calculate the means and standard deviations to describe the data. After check that
no assumptions underlying the analysis of residues have been violated (normality,
independence and homogeneity of variances) it was possible to predict indirect methods for
explosive strength and maximal oxygen uptake variables after each training program chosen

through the multiple linear regression model. It was considered the stepwise method. We
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applied the multiple linear regression since the aim of this study was to evaluate the children
performance on the post-test (in respect to explosive strength and maximal oxygen uptake
variables) as a function of their baseline values, training program intervention, body fat
percentage and body mass index. The normality was verified by the Kolmogorov-Smirnov test.
For the homogeneity of variances, the scatterplot of standardized predicted values versus
studentized residuals was performed. In order to check the independence, the Durbin-Watson
Statistics was calculated. The assumption of no extreme values was also verified. The 95%
confidence interval (Cl 95%) was calculated for all estimated variables on the regression

model.

Results

Table 1 provides descriptive statistics of the independent variables inserted in the standard
model for each variable. It was only considered the data that verified all assumptions

underlying the regression analysis.

Table 1 - Descriptive statistics of the independent variables in analysis.

Mean + SD are presented for the pre-test. n is the number of subjects included in each training,
specifically: C, RA, AR, A, R, CT. C - control group, R- resistance training alone, A- aerobic training
alone, RA - intra-session resistance and aerobic training, AR - intra-session aerobic and resistance
training, CT- concurrent training performed in different sessions. 1kg_BT - Chest 1 kg Medicine Ball
Throw (cm); 3kg_BT - Chest 3kg Medicine Ball Throw (cm); CM - Counter Movement Vertical Jump (cm);
SL - Standing Long Jump (cm); SP - 20m Sprint (s); V - Multistage Shuttle Run (VOzmax, ml.kg-'.min),
BMI - Body mass index (kg/m2), BFP - Body fat percentage.

v Tkg_BT 3kg_BT SL ) Sp
(n=243) (n=244) (n=244) (n=237) (n=238) (n=241)

V. 43.06:3.29 kg BT 345.68:65.80 3kg_BT 226.65:43.49  SL  129.34:20.14 CM  22.89:5.37 SP  4.37:0.31
BMI  19.01:3.16  BMI 19.00+3.16 BMI 19.00£3.16  BMI  18.97+3.14  BMI  18.98:3.19 BMI  19.02:3.18
BFP  21.32:8.21  BFP 21.29+8.18 BFP 21.34:8.19  BFP  21.18:8.09  BFP  21.31:8.19 BFP  21.38:8.23

C N =44 N =44 N =43 N =40 N =43 N =43
RA N =44 N =45 N =45 N =45 N =45 N =45
AR N =32 N =31 N =32 N =30 N =32 N =32
cT N =40 N =41 N =41 N =40 N =36 N =40

N =42 N =42 N =42 N =41 N =41 N =41
N =41 N =41 N =41 N =41 N =41 N =40

To verify whether the independent variables were significantly predictive or not to obtain the
results of dependent variables (post-test) a multivariate linear regression analysis was
performed, considering the stepwise method. Thus, it was possible to estimate the linear
regression equations to predict the gains in each variable after 8 weeks and according to the

training methodology used.
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In table 2 it can be observed that the null hypothesis in which the coefficient equals zero is
rejected at the 95% confidence level. Therefore, we have sufficient evidences to conclude
that each of these variables were significant in the post training performances. Based on this

we obtained regression equations to each training program (table 3).

Table 2 - Estimated regression coefficients from linear regression models only for significant variables.
Confidence intervals are presented for significant variables. * p-value - p-value of the coefficients, Ra2-
adjusted R square of the model, **p-value- ANOVA p-value. C - control group, R- resistance training
alone, A- aerobic training alone, RA - intra-session resistance and aerobic training, AR - intra-session
aerobic and resistance training, CT- concurrent training performed in different sessions. 1kg_BT - Chest
1 kg Medicine Ball Throw(cm); 3kg_BT - Chest 3kg Medicine Ball Throw (cm); CM - Counter Movement
Vertical Jump (cm); SL - Standing Long Jump (cm); SP - 20m Sprint (s); V - Multistage Shuttle Run
(VOzmax, ml.kg'.min-1), BMI - Body mass index (kg/m2), BFP - Body fat percentage, VO2max pre - YO2max
in the baseline, VOzmax post - VOzmax after 8-weeks of training. ***p< 0.05; **** p<0.001.

Variable Estimates Closy p-value* Ra? (*,:T),\_l\?;{ﬁ e)
Constant 3.859 (0.326, 7.393)  0.032*+*
V pre 0.954 (0.882, 1.027)  0.000****
RA 1.547 (1.009, 2.086) 0.000%***
v CT 2.683 (2.074, 3.291)  0.000****  0.822 0.000
post AR 2.621 (1.995, 3.246)  0.000****
A 2.952 (2.336, 3.568) 0.000%**
BFP -0.070 (-0.096, -0.044)  0.000****
Constant 0.025 (-6.989, 7.039)  0.994
1kg_BT pre 1.009 (0.990, 1.029)  0.000****
RA 17.019  (13.407, 20.631)  0.000****
1kg BT post R 17.053 (13.334, 20.771)  0.000**** 0.978 0.000
CT 16.954  (13.220, 20.688) 0.000****
AR 10.615 (6.510, 14.721)  0.000****
Constant 4.610 (-1.931, 11.151)  0.166
3kg_BT pre 0.993 (0.965, 1.021) 0.000%***
RA 16.484  (13.036, 19.932) 0.000****
3kg BT post R 15.143  (11.587, 18.699) 0.000*+  0.955 0.000
CcT 15.042  (11.482, 18.602) 0.000****
AR 9.730 (5.844, 13.615)  0.000****
Constant 0.440 (-4.469, 1.349)  0.341
CM pre 1.015 (0.976, 1.055)  0.000****
CM post A -0.918 (-1.485, -0.351)  0.002*** 0.918 0.000
CT 0.670 (0.080, 1.261) 0.026***
Constant 5.605 (-0.645, 11.856) 0.079
SL pre 1.013 (0.974, 1.052)  0.000****
RA 6.684 (4.701, 8.667)  0.000***
SL post R 4.113 (2.058, 6.167) 0.000%*** 0.933 0.000
CT 4.030 (1.969, 6.091)  0.000****
BFP -0.216 (-0.314, -0.119)  0.000****
Constant -0.036 (-0.134, 0.062) 0.474
SP pre 0.998 (0.974, 1.021) 0.000%***
AR -0.018 (-0.039, 0.003) 0.094
SP post RA -0.083 (-0.101, -0.065)  0.000****  0.976 0.000
R -0.084 (-1.103, -0.065)  0.000****
CT -0.078 (-0.097, -0.059)  0.000****
BFP 0.002 (0.001, 0.002)  0.000***

55



Chapter 3. Experimental Studies

Table 3 - Regression equations to each training program. BFP: body fat percentage (%), 1 kg_BT post:
chest 1 kg medicine ball throw (cm) after 8-weeks of training, 3 kg_BT post: chest 3 kg medicine ball
throw (cm) after 8-weeks of training, CM post: counter movement jump (cm) after 8-weeks of training, SL
post: standing long jump (cm) after 8-weeks of training, SP post: 20m sprint running (s) after 8-weeks of
training, V post: Multistage Shuttle Run (VO2max, ml.kg-'.min-") after 8-weeks of training. All variables
included in the equations correspond to the baseline values (BFP, 1 kg_BT, 3 kg_BT, CM, SL, SP, V).

Concurrent training

Intra-session resistance and Intra-session aerobic and performed in different

Control group aerobic training resistance training sessions Aerobic training only Resistance training only
V post 3.859+0.954xV-0.070xBFP  5.406+0.954xV-0.070xBFP  6.48+0.954xV-0.070xBFP  6.542+0.954xV-0.070xBFP  6.811+0.954xV-0.070xBFP
1kg_BT post 0.025+1.009x1kg_BT 17.044+1.009x1kg_BT 10.64+1.009x1kg_BT 16.979+1.009x1kg_BT 17.078+1.009x1kg_BT
3kg_BT post 4.610+0.993x3kg_BT 20.634+0.993x3kg_BT 13.192+0.993x3kg_BT 18.516+0.993x3kg_BT 18.65+0.993x3kg_BT
CM post 0.440+1.015xCM 1.11+1.015xCM -0.478+1.015xCM
SL post 5.605+1.013xSL-0.216xBFP 12.289+1.013xSL-0.216xBFP 9.635+1.013xSL-0.216xBFP 9.718+1.013xSL-0.216xBFP
SP post -0.036+0.998x5P+0.002xBFP -0.119+0.998xSP+0.002xBFP 0.054+0.998xSP+0.002xBFP -0.114+0.998xSP+0.002xBFP -0.12+0.998x5P+0.002xBFP

The different training programs explained 82% of variance in the VO,max, 98% in the 1kg Ball-
Throw, 96% in the 3kg Ball-Throw, 92% in the CM Jump, 93% in the SL Jump and 98% in the

20m sprint performances.

Discussion

The aim of this study was to determine strength and VO;max performances according to
different training program intervention design with 8-weeks duration in prepubertal children
through a multiple linear regression models. The resulting models explained 82% of variance
in the VO;max, 98% in the 1kg Ball-Throw, 96% in the 3kg Ball-Throw, 92% in the CM Jump,
93% in the SL Jump and 98% in the 20m sprint performances, when including each variable
pre-value, BFP and BMI. With the results obtained, it was possible to develop indirect
predictive models for each training method and these equations are a novel approach to
training evaluation and control, providing important tools for professionals to improve the

efficacy and individualization of training.

Throughout the years, several studies presented different training programs to improve
physical fitness. Strength training have the potential to improve muscle strength, endurance,
and power (Benson et al., 2007; Kang & Ratamess, 2014), while aerobic training is suggested
to improve cardiorespiratory fitness (Kang & Ratamess, 2014). Moreover, recent research
suggested that concurrent resistance and aerobic training have the feasibility to improve
muscular and cardiorespiratory fitness simultaneously, especially in children (Alves et al.,
2016a, 2016b; Cadore et al., 2012; Silva et al., 2012). When verifying the influence of
different training programs, all the analyzed variables in this study showed to be improved
after 8 weeks of aerobic, resistance or concurrent training, in prepubertal children (Alves et
al., 2016a, 2016b).
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It was quite clear in our previous studies that any of the experimental training programs
resulted in improved cardiovascular or/and strength parameters (for further, please see Alves
et al., 2016a, 2016b). Therefore, by using the data collected, it was possible to develop an
indirect method to evaluate explosive strength and VO;max variables according to each
training methodology applied to children. It was considered that changes in strength and
aerobic variables is strongly related to the baseline values, BFP, BMI, and training
methodology (Grund et al., 2000). The analysis of the relationships included the training

programs as independent variables, which is a novelty in this type of study.

The different equations explained each change in 1kg Ball-Throw, 3kg Ball-Throw, SL Jump,
CM Jump, and 20m sprints by more than 90%, which reveals their accuracy and reliability. The
explained variance of VO2max was lower, but still enough to support the predictive model. It
can be stated that qualitatively a high prediction of strength and cardiovascular variables
were verified. Even so, a range between 20% (VO;max) and 2% (1kg Ball-Throw and 20m
sprints) cannot be explained by the included variables. Perhaps predictability would increase
if more specific apparatus were used for evaluation (e.g. breath-by-breath oxygen measures)
or if other scientific domains were included, such as maturation change, motor control,
genetics psychology (Armstrong et al., 2015; Schutte et al., 2016; Vandendriessche et al.,
2011).

One of the goals of physical activity professionals working with children should be to develop
their strength and cardiovascular fitness so that they can reach the standard values for a
healthy youth. Usually several assessments are performed in the beginning of school year to
evaluate physical fitness. Based on those results, teachers should plan a training program to
improve the weakest capacities and to maintain the higher-level ones. Moreover, it is known
that different kind of training develops each strength and/or aerobic parameters differently.
For instance, aerobic training program obtained better results in VO,max, while AR, CT and
RA groups seems to be more efficiency in explosive strength (Alves et al., 2016a, 2016b).
Thus, with the prediction equations suggested and based on previous evaluations, the teacher
is now able to understand which one is the best program to implement. In addition, he can
adjust each training program individually to each student and according to their needs and
using variables that are easy to collect and have ecological meaning to design, control and

evaluate the training process.

Predictive models are not new in sports science research. However, until now most of them
were developed to explain acute performances responses based on biomechanical,
physiological or/and anthropometric measures (Barbosa et al., 2010; Morais et al., 2016), to
predict aerobic capacity (VOzmax) or maximal strength (1RM) (Hoffman et al., 2003; Reynolds
et al., 2006), and not to understand and predict the responses to different training programs

as the present study performed. This approach aims to provide a tool for the professionals to
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calculate changes, with high confidence level (Cl 95% is also provided in the results if
needed), to control gains and to choose the best training methodology to apply according to
the purposes defined. At the end of the program, the same variable could be evaluated again
and compared with expected results and thus to identify responders or even to understand
the children commitment with the program.

As a conclusion, the model based on pre- values of strength and cardiovascular variables, BMI,
BFP and training programs, is appropriate to explain changes in VO;max, 1kg and 3kg Ball-
Throw, SL Jump, CM Jump, and 20m sprint prepubertal children (aged 9-12 years old). These
results were novel findings in this area, and the equations presented could be a great support
to teachers, coaches, professionals to estimate and predict the physical fithess gains
throughout 8-weeks of training (twice-a-week, the same as the physical education lessons).
Nevertheless, further research is needed to upgrade this data for longer period duration of
training or even including other physiological variables that help to explain the effects

obtained.

Practical Applications

The indirect predictive models for each training method were developed, being a novel
approach to training evaluation and control. These equations could be of great interest for
teachers, coaches, professionals, allowing to estimate and to predict the changes in the
physical fitness of children during 8-weeks of training (twice-a-week, the same as the physical
education lessons). Moreover, these equations providing to abovementioned professionals
pertinent information (i.e., relationship between variables and training methos, according to
the measurement) to decide which program training is more effective according to the
children’ purposes/needs. With this novel approach, it is also possible to improve the efficacy

and individualization of training.
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Chapter 4. General Discussion

The purpose of this thesis was to analyze the effects of different combination approaches
between resistance and aerobic training [concurrent training design (concurrent training
performed simultaneously during the same session or concurrent training performed in
different sessions) and intra-session training sequence (aerobic prior to resistance training or
resistance prior to aerobic training)] on explosive strength and aerobic capacity in
prepubertal children. Additionally, we also intended to provide multiple linear regression
models to predict distinct strength variables and VO;max performances in 8-weeks training
programs in children. The scarcity of research about the effects of different combination
approaches between resistance and aerobic training on prepubertal children performance was
the bottom line of our experimental investigation. Our results not only report the absence of
impairment in strength development with concurrent training performed in different sessions,
as also suggested that is an effective method for training-induced explosive strength and
VO;max. It is also found that performed intra-session concurrent training, performed
concurrent training in different sessions or performed resistance training alone provide
similar neuromuscular adaptations in prepubertal girls and boys. With concern to the intra-
session concurrent training sequence effects it was report that both order seemed to be
potential alternatives to improve prepubertal children performance. Ultimately, our findings

also provided indirect predictive models for specific training programs during 8-weeks.

The preliminary study of this work was to present an updated review based on the state of art
regarding the importance of physical fitness and the significance of different combination
approaches between resistance and aerobic training, as well conditioning methods exercise
alone on improvements of physical fitness, specifically explosive strength and
cardiorespiratory fitness in prepubertal children (Study 1). In the last decades, the research
on the effects of different approaches between resistance and aerobic training, or even the
effects of aerobic or resistance training alone has been performed in young, adults and
elderly populations. Yet, it was observed that the knowledge about the effects of concurrent
training applied to children was limited. Nevertheless, in the literature there are some
evidences about different conditioning methods performed in children. Scientific researches
highlighting the efficiency of resistance training on improving bone density, muscular and
endurance strength of children without compromising their normal growth. Concerning to the
aerobic training, it has been proved its effectiveness on improvements of children aerobic
capacity. Lastly, besides the limited studies on the effects of concurrent training in children,
it has been demonstrated that the intra-session concurrent training as an effective method to

improve explosive strength and VO,max in children as well.
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Children should benefit of the development of strength and cardiovascular parameters
(Ortega et al., 2008; Taanila et al., 2011), but the best way to accomplish those
improvements remains unclear. Most of the pediatric research started to be focused on
activities that enhance cardiorespiratory fitness, ignoring for a while the neuromuscular
fitness conditions based on muscular strength (Cepero et al., 2011). Afterwards, recent
researches report that resistance training can provide unique benefits to children when
appropriately prescribed and supervised (Faigenbaum et al., 2009; Faigenbaum & Myer,
2010), demystifying the idea that resistance training would lead to injuries as well negatively
influence the normal growth of children (Blimkie, 1993; Docherty et al., 1987; Faigenbaum et
al., 1996). Posteriorly, emerged another method of conditioning, namely the concurrent
training, which is able to produce gains in cardiorespiratory and muscular fitness
simultaneously (Kang & Ratamess, 2014). Unfortunately, little is known about this topic and
its effects on prepubertal children performance (Marta et al., 2013b). Therefore, it seemed
important to investigate the effects of different approaches between resistance and aerobic

training on explosive strength and cardiorespiratory trainability in this population (Study 2).

The first experimental study showed more effectiveness on explosive strength and VO;max in
concurrent training performed in different sessions, followed by the intra-session concurrent
training and then resistance training alone which was only effective on explosive strength.
Our results were congruent with the results of Marta et al. (2013b), which compared intra-
session concurrent training with resistance training alone. However, to the best of our
knowledge, there is no study reporting the effects of concurrent training in different sessions
in children. Regarding to the gender gap, it was found no significant effect on training -

induced strength or VO,max adaptations between girls and boys, being consensual with results

of Marta et al. (2013b). All these findings underline the effectiveness of concurrent training in
different sessions on both resistance and aerobic features of prepubertal children without

compromising their normal growth.

Considering the abovementioned, there is a scarcity regarding the effects of different
combination approaches between resistance and aerobic training in children. Beyond the
typically variables that characterize a training program (i.e., volume, intensity, frequency)
which can may affect concurrent training, intra-session concurrent training sequence may
also be considered as a potential one. Thus, it seemed pertinent to analyze the effects of
different intra-session concurrent training order in prepubertal children (Study 3). When
comparing the effects of different intra-session concurrent training order in prepubertal
children, both experimental training groups demonstrated significant results not only in
explosive strength, but also in VO:max performance. Additionally, through the obtained
results it is suggested that intra-session aerobic training prior resistance training may be more
effective than intra-session resistance training prior aerobic training at improving aerobic

capacity in prepubertal children. To improve explosive strength, it is demonstrated that
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intra-session resistance prior to aerobic training may be more effective than intra-session
aerobic training prior resistance training. Similarly, early researches focused on the
concurrent training sequence effects on performance and health (Kang & Ratamess, 2014;
Chtara et al., 2005) concluded that optimum training sequence was determined by the

individual purposes of the training program.

To complement the present thesis, it was developed a third experimental study with the
purpose to provide multiple linear regression models for determining distinct strength
parameters and VO;max performances according to each training program intervention design
with 8-weeks duration (Study 4). With the results obtained, it was possible to develop indirect
predictive models for each training method, being a novel approach to training evaluation

and control.

Ultimately, the findings of this thesis allowed to understand the effects of different
combination approaches between resistance and aerobic training in prepubertal children,
initial considered an unknown issue where further investigations were needed. Therefore, to
improve explosive strength and aerobic capacity is suggested in children as the mainly
effective method the concurrent resistance and aerobic training performed in different
sessions. In fact, these novel findings seem to be useful for teachers, coaches and researchers
to apply in their future works. However, further investigations should be performed with an

effort to support the presented evidences.

Some main limitations of this thesis should be mentioned:

i) These studies were performed during 8 weeks, and this might be considered a short
period;

ii) Different training durations between resistance training group and concurrent training
groups may have conditioned training-induced gains;

iii) It was not possible to study the responsible mechanisms of the observed effects (i.e.,
no electrophysiological measures);

iv) The measures of the studies were performed in a field test context, but laboratory
tests with higher control standards may be generated accurate data;

v) The sample included normal-weight and physically active prepubertal children.
Thereupon, some care shall be taken when translating these findings to children with

different parameters.
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Chapter 5. Overall Conclusions

The main findings of this thesis highlight the positive effects of concurrent resistance and

aerobic training on prepubertal children performance. The major conclusions of the present

work were:

vi)

vii)

There is a lack of research about the effects of different combination approaches
between aerobic and resistance training on prepubertal children performance;

The different combinations of concurrent training applied in this work does not
impair the normal growth of children;

Concurrent resistance and aerobic training performed in different sessions is
considered the most effective conditioning method for training- induced explosive
strength and VO;max;

Intra-session concurrent training, concurrent resistance and aerobic training
performed in different sessions, and resistance training alone provide similar
neuromuscular adaptations in prepubertal girls and boys;

Both intra-session concurrent training order are effective on explosive strength and
VO;max improvements in prepubertal children, but intra-session aerobic prior to
resistance training is more effective to obtain improvements on aerobic capacity.

To improve explosive strength, intra-session resistance prior to aerobic training is
more effective;

Predictive equations to evaluate explosive strength and VO;max variables of

children were developed.
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Chapter 6. Suggestions for future research

The effects of different combinations of concurrent training in prepubertal children are far
from being well known and further researches are needed to support the presented

evidences. Therefore, some suggestions for future investigations are listed below:

i)  Toreplicate these studies but with longer training periods;

ii)  Further investigations should add information about power and velocity during
resistance training measures;

iii)  Futures experiments should measure different physiologic parameters to understand
the responsible mechanism of the observed effects;

iv) To develop a study in the same line of thinking but including prepubertal children
with different conditions (physical disability, chronic diseases or athletes), to reach
the knowledge about concurrent training in this population;

v) To replicate these studies but implementing a detraining period to know the

influence of a training cessation on prepubertal children performance.
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Explosive strength training in school context: effects of

concurrent training sequence in prepubertal boys

Abstract

The aim of this study was to compare the effects of 8 weeks of resistance training (R), intra-
session concurrent training (RA) and concurrent training performed in different sessions (CT)
on explosive strength in prepubertal boys. Eighty-two healthy prepubertal boys, aged 10-11
years (10.84 £ 0.52 years) were randomly divided into three training groups, twice a week for
8 weeks: R (n = 19), RA (n = 21), CT (n = 21) and control group (C, n = 21) no training.
Significant increase was perceived from pre- to the post-test in the sprint variable (20m) in
all experimental groups (p <0.001). However, CT obtained better results comparing to the
other groups. No significant differences were found in C. CT is equally effective compared to
R or RA in prepubertal boys. This is an important fact which should be considered in the

improvement of school based-programmes on strength training.

Key words: Resistance, Aerobic, Power, Prepubertal, Exercise.
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Introducao

Nos Ultimos anos a atividade fisica em criancas e adolescentes tem decrescido em todo o
mundo (Marks et al., 2015). Neste capitulo, a escola € um meio capaz de promover e
melhorar atividade fisica e aptidao fisica através da implementacao de programas de treino
(Marques et al., 2011). A aptidao fisica é referida como fator determinante no estado de
saude atual e futuro (Smith et al.,2014) e o elemento principal para a preservacao e melhoria
da salde, qualidade de vida e desenvolvimento da crianca (Marta et al., 2012). A aptidao
fisica relacionada com a salde envolve, entre outras, a resisténcia aerobia e a forca muscular
(Ortega et al., 2008) e alguns estudos tém procurado modelos de treino que proporcionem
melhores resultados nestas componentes. Recentemente, o treino concorrente, ou seja, a
combinacao de treino de forca e de resisténcia aerobia tem tido especial relevo pela
literatura, ja que os estudos indicam claramente que é possivel associar os beneficios de
ambos os treinos num treino, ao mesmo tempo que reduz os riscos de salde associados a
inatividade fisica e promove a realizacao de atividades diarias de forma confortavel e segura
(Garber et al., 2011). Contudo, relativamente aos potenciais beneficios do treino
concorrente, a literatura ndo é consensual. Existem estudos que apresentam efeitos
inibitorios, conhecidos por “fendmeno de interferéncia” (Dudley & Djamil, 1985) nas
adaptacoes de resisténcia aerobia (Glowacki et al., 2004) e atenuacdo do desenvolvimento
muscular (Santos et al., 2012). Por outro lado, varias pesquisas demonstram inexisténcia de
efeitos antagonicos na forca (McCarthy et al., 2002) e na resisténcia aerobia (Mikkola et al,
2007). A inconsisténcia acerca do treino concorrente, segundo Leveritt et al. (1999), pode ser
explicada pelas diferencas no desenho do estudo e/ou protocolo de treino (intensidade,
volume), bem como pelo tempo de recuperacao pos-treino. Recentemente, Marta et al.
(2013) comprovou a importancia do treino concorrente em programas escolares,
demonstrando que o treino concorrente na mesma sessao parece ser eficaz tanto na forca
muscular como na capacidade aerdbia em criancas pré-puberes. No entanto, segundo o nosso
melhor conhecimento, na literatura nao existem estudos disponiveis que analisem o efeito na
forca de criangas pré-puberes quando o treino de forca e aerdbio sao aplicados em sessoes
diferentes, e que comparem os resultados obtidos com as adaptacdes observadas quando o
treino de forca e aerobio é aplicado numa Unica sessdo. A hipotese estabelecida para este
estudo consistiu na possibilidade do treino concorrente na mesma sessao e em sessoes

intercaladas ser igualmente eficaz na melhoria da forca explosiva em idades pré-pubertarias.
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Metodologia

Sujeitos

A amostra, randomizada aleatoriamente, foi constituida por 82 rapazes pré-puberes, que se
voluntariaram para participar no estudo, com idades compreendidas entre os 10 e 11 anos

(10.84 + 0.52 anos), pertencentes a uma escola publica portuguesa.
Instrumentos

Para este estudo foram selecionadas criancas inseridas na escala de Tanner 1-2, isentas de
problemas de saude, limitacdes fisicas ou habitos de atividade fisica nos ultimos 6 meses. As
criancas foram cuidadosamente informadas acerca do desenho do estudo e os pais das
criancas assinaram um consentimento informado antes do inicio do estudo. O estudo foi
realizado de acordo com a declaracao de Helsinquia, sendo aprovado pela Universidade da
Beira Interior (UBI) e pelo Centro de Investigacdo em Desporto, Salde e Desenvolvimento
Humano (CIDESD), Portugal.

Procedimentos

0 estudo foi realizado na escola publica Santa Clara (Guarda, Portugal). Incorporou 8 semanas
de treino, onde fizeram parte 3 grupos experimentais: R, 2xsemana; RA, 2xsemana; e CT,
2xsemana forca + 2xsemana resisténcia aerdbia, intercalados; e o grupo de controlo
(C). Antes do treino as criancas realizaram exercicios de aquecimento (intensidade baixa-
moderada) durante 10 minutos (ex.: corrida e exercicios de aquecimento articulares). No
final do treino as criancas realizaram 5 minutos de exercicios com alongamentos estaticos.
Apos o periodo de aquecimento o R, o RA e o CT foram submetidos a um programa de treino
de forca composto por: lancamento de bolas medicinais de 1 e 3 kg, saltos para plataformas e
saltos de obstaculos (0,3 a 0,5 m) e séries de corridas de velocidade (30 a 40 m). Apos o
treino de forca, o RA foi submetido a um treino aerobio desenvolvido com base no volume de
treino individual, definido para cerca de 75% do volume aerdbio maximo, com reavaliacao
apos 4 semanas para possiveis ajustes na intensidade e volume. O CT realizou treino de forca
intercalado com treino aerobio em sessoes diferentes. O tempo de descanso entre séries e
entre exercicios foi de 1 e 2 minutos, respetivamente. (Alves et al., 2016 apresenta uma

analise mais detalhada acerca dos instrumentos e procedimentos do estudo)
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Analise Estatistica

A analise de dados foi realizada através do software estatistico para Ciéncias Sociais (SPSS),
versao 22.0® e significancia estatistica foi estabelecida em p < 0.05. O calculo de médias e
desvios-padrao foi feito por métodos estatisticos padronizados. O teste de normalidade foi
validado pelo teste Kolmogorov- Smirnov. Foi utilizada a analise de variancia (ANOVA) para
comparar os grupos no pré e pods- teste e o teste-t emparelhado na avaliacao das diferencas
entre os dois momentos. O Eta parcial e o tamanho de efeito foram calculados pela analise de
covariancia (ANCOVA).

Resultados

No inicio do estudo ndo houve diferencas significativas entre grupos relativas a idade e
classificacao de Tanner. Pela analise de variancia (ANOVA) constatou-se que no pré- e pos-
teste nao houve diferencas significativas entre grupos na velocidade (20m). Contudo, através
do teste-t emparelhado verificou-se um aumento significativo na velocidade do pré- para o
pos-teste nos grupos experimentais (p <0.001). O CT obteve os melhores resultados. O C nao

apresentou diferencas significativas. O fator grupo teve um efeito significativo e de pequena

dimensao no teste de sprint de 20m (F (3,78) = 6.22, n12,= =0.193, p =0.01) (Figura 1).
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Figura 1. Dados relativos ao pré- e pos-teste do sprint (20m) no grupo de forca (R), grupo
concorrente na mesma sessao (RA), grupo concorrente com sessoes intercaladas (CT) e

grupo de controlo (C).
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Discussao

O objetivo deste estudo foi comparar os efeitos de 8 semanas de treino de forca (R), treino
concorrente na mesma sessao (RA) e treino concorrente em sessoes intercaladas (CT) na forca
explosiva em rapazes pré-puberes. Os resultados deste estudo parecem sugerir que o treino
concorrente em sessdes distintas € mais eficaz para melhorar a forca explosiva em rapazes
pré-pluberes, no entanto as diferencas com o treino concorrente na mesma sessao nao sao
significativas. Embora a literatura existente apenas se refira ao treino em adultos, os
resultados obtidos sao congruentes com o estudo de Hatzikotoulas et al. (2009) que
demonstrou maior eficacia do treino concorrente em sessoes distintas comparativamente a
treino concorrente na mesma sessao, enquanto Dudley & Djamil (1985) sugerem que o treino
concorrente realizado no mesmo dia compromete a adaptacao muscular, comparativamente
com treino realizado em sessdes distintas. Segundo Marta et al. (2013), as criancas
apresentam caracteristicas neuromusculares distintas dos adultos e de acordo com
Hatzikotoulas et al. (2009) as criancas tém um tempo de recuperacao mais rapido
comparativamente com os adultos, podendo ser um facto que explique a inexisténcia do
‘fenomeno de interferéncia’ descrito em estudos realizados em adultos. Registaram-se ainda
valores estatisticamente significativos no RA, sendo consistentes com resultados de estudos
anteriores na mesma area (Marta et al., 2013) realizados em criangas pré-pUberes, também
sujeitas a um programa de treino de 8 semanas. Contudo, a necessidade de mais informacao
acerca dos efeitos de treino concorrente na forca explosiva é evidente, especialmente em
criancas pré-puberes. A limitacdo a considerar neste estudo envolve a possibilidade do

periodo de treino de 8 semanas ser curto.

Conclusao

Os resultados obtidos sugerem que o treino concorrente e o treino de forca sao efetivos em
ganhos de forca muscular explosiva em rapazes pré-puberes. Evidencia-se ainda que o treino
concorrente é mais eficaz em sessdes intercaladas que o treino de forca e treino concorrente
na mesma sessdao. De forma a inovar as aulas de educacao fisica e aumentar a sua eficacia, o
treino concorrente em sessdes intercaladas devera ser considerado nos programas educativos

em contexto escolar.
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Effects of order and sequence of resistance and aerobic training

on body fat in elementary school- aged girls

Abstract

The purpose of this study was to analyze the effects of order and sequence of concurrent
resistance and aerobic training on body fat percentage (BFP) in a large sample of elementary
school-aged girls. One hundred twenty-six healthy girls, aged 10-11 years old (10.95 + 0.48
years) were randomly assigned into six groups to perform different training protocols per
week for 8 weeks: resistance training alone (R), aerobic training alone (A), concurrent aerobic
and resistance training (CT), intra-session concurrent aerobic and resistance training (AR),
intra-session concurrent resistance and aerobic training (RA), and a control group (C). In R
and A, the subjects performed single sessions of resistance or aerobic exercises, respectively
(two days per week). In CT, resistance-aerobic training was performed on different days each
week (four days per week). AR and RA performed intra-session concurrent aerobic and
resistance training or concurrent resistance and aerobic training, respectively, each week
(two days per week). After an 8-week training period, BFP decreased in all experimental
groups (AR:13.3%, p< 0.05; RA:13.8%, p<0.001; A: 1.9%, p>0.05; R: 5.0%, p>0.05; and CT:
5.6%, p>0.05). However, a significant difference was found in AR and RA when compared to
CT, A, and R, considering so that training sequence’ may influence BFP. All programs were
effective, but AR and RA obtained better results than CT, A, R on BFP. The current study
explored an unknown issue and provided useful information in this area. These results have a

meaningful interest to optimized school-based fat loss exercise programs in childhood.

Key words: Power, Concurrent Training, Prepubertal.
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Introduction

Nowadays in the developed countries, advances in technology and changes in lifestyles led to
a decrease in daily physical activity and to unsuitable diet. The incidence of diseases related
with overweight has increased even among young people (Dridi & Taouis, 2009). School offers
a natural environment for intervening to increase physical activity and improve the body
composition among young people (Kriemler et al., 2011; Rashad et al., 2010), and a number
of studies support the efficacy of school-based programs for doing so (Dobbins et al., 2009;
Kriemler et al., 2010). However, many doubts arise on the best physical activity program to

implement.

Aerobic training is usually used for fat mass and weight loss program (Dolezal & Potteiger,
1998; Wong & Harber, 2006). Also, resistance training can improve body composition and
decrease body fat (Hendrickson et al., 2010; Kay & Singh, 2006). Furthermore, both
resistance and aerobic training are often performed concurrently in most exercise programs in
wellness, fitness and rehabilitative settings, in an attempt to reach different physical fitness
goals (Santos et al., 2012), and there exist some studies reporting a significant decrease of
subcutaneous fat and body fat percentage after performing combined resistance and aerobic
training (Akbarpour et al., 2011; Maiorana et al., 2002). On the contrary, other studies have
shown that the body fat percentage and total fat mass remain unchanged with concurrent
resistance and aerobic training (Cadore et al., 2010; Hakkinen et al., 2010; Sillampaa et al.,
2008).

According to our best knowledge, there are no studies that compared the effects of
concurrent training on body fat when this is done on the same day or on alternate days each
week, and none studies that investigated the effects of order and sequence of concurrent
training on body composition in prepubertal children have been reported. Therefore, the aim
of the current study was to investigate the effect of different methods of concurrent training
(intra-session vs. separate sessions concurrent resistance and aerobic training) on body fat
percentage in prepubertal aged children, and compare the results achieved with those

obtained when resistance or aerobic training is performed alone.

Methods

Subjects

The sample consisted of 126 prepubertal girls, aged between 10 and 11 years old, all of whom

volunteered for this study. Inclusion criteria were: children aged 10 to 11.5 years (5th and 6th
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graders), who were self-assessed in Tanner stages | and Il, with no chronic pediatric diseases
or orthopedic limitations, performing no regular oriented extra-curricular physical activity
(i.e. practicing sport at a club). Subjects were carefully informed about the design of the
study and subsequently the children’s parents signed an informed consent document prior to
the start of the study. The study was conducted according to the declaration of Helsinki, and
was approved by the institutional review boards of the University of Beira Interior (UBI),
Polytechnic Institute of Guarda (IPG), and Research Centre in Sports, Health and Human
Development (CIDESD), Portugal.

Intervention

A randomized controlled trial was conducted in a public elementary school. Groups were
determined using a random number generator and resulted in the assighment of 25 children
for each group. The proportion of participants successfully completing the protocol was 88%
(R: Resistance Training Alone), 96% (A: Aerobic Training Alone), 68% (CT: Concurrent Training
in different sessions), 64% (AR: Intra-session Concurrent Aerobic and Resistance Training), 96%
(RA: Intra-session Concurrent Resistance and Aerobic Training), and 92% (C: Control group).
Thus, analysis was conducted on the remaining 126 girls (R= 22; A= 24; CT= 17; AR= 16; RA=
24; and C= 23). In R and A groups, the subjects performed single sessions of resistance or
aerobic exercises, respectively (two days per week). In CT group, resistance and aerobic
training were performed on different days each week (two and two days per week). AR and
RA groups performed single-session concurrent aerobic and resistance training or concurrent
resistance and aerobic training, respectively, each week (two days per week). The control

group followed the physical education classes curriculum, without a specific training program.

Prior to training, subjects warmed up for approximately 10 minutes with low to moderate
intensity exercises. At the end of the training sessions subjects performed 5 minutes of static
stretching exercises. The resistance training program comprising upper body (1 and 3kg
medicine ball throws) and lower body (jumps onto a box and hurdle jumps, from 0.3 m to 0.5)
plyometric exercises, as well as a speed drill (sets of 20 to 40m speed runs). The subjects who
performed the aerobic training program were subjected to a 20m shuttle run exercise,
readjusted after 4 weeks of training (for more details of methods and procedures see Alves et
al., 2015).

Statistical analysis

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) v22.0®
for Windows and statistical significance was set at p< 0.05. Standard statistical methods were

used to calculate the means and standard deviations. Normality of distribution was checked
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by applying the Kolmogorov-Smirnov test. One-way analysis of variance (ANOVA), followed by
Bonferroni's post-hoc comparison tests, was used to find the differences in the body fat
percentage in the pre-test. To analyze the differences between groups in the post-test
measures an analysis of covariance (ANCOVA) was estimated, followed by Bonferroni's post-
hoc comparison tests. To determine the effect of group on the evolution of the body fat from
pre- to the post-training an ANOVA with repeated measures was performed, with group as
factor. Partial eta squared was calculated. The assumption of sphericity was validated by the

Mauchly's Test of Sphericity.

Results

At baseline, there were no differences between groups for age or Tanner ratings. In addition,

no differences were found between groups on the BFP (F (5,120) =0.581, p=0.714).

It was observed a significant effect of group on the BFP (F (5,120) = 5.911, p<0.001) post
training. It was found that the differences between groups in the post-test occurred between
the control and the experimental groups that performed concurrent training in the same
session (RA and AR).

There was a small-sized decrease from pre- to the post-training on the BFP (F (5,120) = 8.930,
p<0.01), and it was observed a medium-sized effect of the group on the evolution of this
parameter (F (5,120) = 6.011, p<0.001). However, the influence of the group was due to
decreases from pre- to the post-training in the RA (p<0.001) and AR (p<0.01) groups.
Inversely, there was an increase in the C group (p< .001). No changes on BFP from pre- to the
post-training occurred for A, R and CT groups (p= 0.788, p= 0.054, and p= 0.372,
respectively). The mean changes on BFP in the control and experimental groups are shown in

figure 1.
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Figure 1. Differences between 8-weeks of training.

Discussion

The purpose of this study was to analyze the effects of order and sequence of concurrent
resistance and aerobic training on body fat percentage in elementary school-aged girls. The
main results suggested that both intra-sessions concurrent resistance and aerobic training or
concurrent aerobic and resistance training were more efficient decreasing fat mass in healthy
prepubertal girls, when compared with the results obtained when resistance and aerobic
training was performed alone or concurrent resistance and aerobic training was performed in
different sessions. These results have a meaningful interest to optimized school-based fat loss

exercise programs in childhood.

The excess adiposity is one of the main risk factors for the development of several metabolic
disorders (Mantovani et al., 2008; Neto-Oliveira et al., 2010). In addition, the reduction in
body fat percentage with non-pharmacological interventions is the most accepted method for
the majority of population, including the pediatric one (Antunes et al., 2013). These
interventions are the focus of several studies that aimed to identify which training models are
more effective in the prevention and treatment of excess adiposity and related diseases
(Antunes et al., 2013). Resistance training increases bone and lean masses and reduces total
body weight and absolute and relative fat mass (Kwon et al., 2010; Ucan, 2013; Wilmore &
Costill, 1994). In parallel to this, aerobic training collaborates in the reduction and control of

total body fat (Leite et al., 2010; McArdle et al., 2000) and promote beneficial changes in
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individuals’ lipid profile (Slentz et al., 2007). So, a combination of resistance and aerobic

training could be beneficial for weight loss and body composition (Hendrickson et al., 2010).

After 8 weeks of training period, BFP decreased in all experimental groups. However, a
significant difference was found in AR and RA groups when compared to CT, A, and R groups,
considering so that training sequence’ may influence BFP. The greater loss of body fat in AR
and RA groups may be related to the basal metabolic rate (Dolezal & Potteiger, 1998).
Perhaps a better recruitment of the energy reserves takes place, caused by the increased
energy demands from the simultaneous training stimuli (Sale et al., 1990). Our results were in
line with the results of previous studies that also reported significant decrease of BFP after
performing 8 weeks of intra-session concurrent training group (AR: 17.2%; RA: 23.2%, p <
0.001) in obese females (Sale et al., 1990), as well as in middle-aged individuals (Maiorana et
al., 2002). Similar results were also found by Arazi et al. (2011) in intra-session concurrent
training group (16.5%, p <0.05) and in concurrent training performed in different sessions
group (CT: 19.3%, p<0.05) after 12-weeks period in college students. Nevertheless, these
studies did not confirm which training is more efficient to change body composition. Our
outcomes showed better results in RA group when compared to AR group, which would
suppose that training order may have influence on BFP. Probably, if the duration of training

program was more than eight weeks, this decrease could have been more substantial.

The concurrent training can significantly increase basal metabolism and decrease body fat
relative to the obtained amounts in the before-training period (Dolezal & Potteiger, 1998).
The results confirmed previous evidences that have reported a decrease of subcutaneous fat
and body fat percentage after performing eight weeks of concurrent resistance and aerobic
training in middle-aged individuals (Akbarpour et al., 2011), as well as in pubertal children
(Santos et al., 2012). These results have a meaningful interest to optimized school-based fat
loss exercise programs in childhood. Concurrent training could be implemented in a school
program to contribute to fat loss, regardless of the order of resistance and aerobic
exercitation. We should be aware that different training durations and different workouts
could lead to different results. Therefore, care is needed when translating these findings to
overweight/obese children programs. Children must be motivated for physical activity
programs and these should focus on having fun and developing motor skills rather than on
competition. As soon as a child reaches school age, fundamental sports skills must be taught,

but emphasising on the fun of sport and play (Landry & Driscoll, 2012).
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Conclusions

In sum, it can be stated that performing concurrent resistance and aerobic training in the
same session is more helpful than aerobic or resistance training alone, or resistance and
aerobic training in different sessions for reducing body fat percentage of non-athlete
prepubertal girls. In addition, the order of intra-session concurrent training did not influence
the body fat percentage. Thus, these evidences have a meaningful interest to optimized

school-based fat loss exercise programs in childhood.
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