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Abstract

Purpose Many modern-day children are at risk of pediatric dynapenia (muscle weakness). We examined the effects of a
12-week resistance training (RT) program on neuromuscular function and body composition parameters in pubertal children
with a risk of dynapenia.

Methods Twelve children (13.4+0.9 y) with dynapenia performed a progressive RT program consisting of knee exten-
sion and flexion, bench press, abdominal crunch, back extension, lateral pull-down, elbow flexion, and upright row (1-2
sets of 10—15 repetitions/exercise) twice/week for 12 weeks. Outcome measures included one-repetition maximum (1-RM)
strength, maximal voluntary isometric contraction (MVIC) torque, rate of torque development (RTD), electromyographic
(EMG) activity, muscle thickness (MT), muscle quality (MQ) assessed by echo intensity (MQp;) of the knee extensors and
specific tension of MVIC torque to thigh fat-free mass (MQgr), and total and regional body and bone composition assessed
by dual-energy X-ray absorptiometry. Changes in the measures before and after the 12-week RT and associations among the
measures were analyzed by linear mixed models.

Results Significant (p <0.05) increases in 1-RM (63.9 +4.5%), MVIC torque (16.3 +17.8%), MT (18.8 +5.5%) and MQ
(MQgr: -25.9+15.2%; MQgr: 15.1+18.8%;) were evident from pre- to post-training. Total fat-free mass (FFM) increased
by 2.3 +3.2% from baseline (p =0.01), but no changes (p > 0.05) in the other measures were observed. Significant (p <0.05)
associations between the changes in 1-RM and/or MVIC torque and the changes in quadriceps MT, MQg;, MQgy and total
body FFM were evident.

Conclusions The 12-week RT was effective for improving neuromuscular and body composition parameters, and thereby
reversed the risk of pediatric dynapenia.

Keywords Strength training - Maximal voluntary contraction - Muscle quality - Echo-intensity - Muscle thickness - Body
composition

Abbreviations RTD  Rate of torque development
RT Resistance training EMG  Electromyographic

I-RM  One-repetition maximum MT Muscle thickness

MVIC Maximal voluntary isometric contraction EI Echo-intensity

MQ Muscle quality
MQg; MQ assessed by echo intensity
MQgr MAQ assessed by specific tension of MVIC torque
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BMI  Body mass index
FFM  Fat-free mass

BMD  Bone mineral density
BMC  Bone mineral content

VL Vastus lateralis
VM Vastus medialis

RF Rectus femoris
VI Vastus intermedius
Introduction

Children and adolescents have become less physically active
over the last decades. For example, epidemiological studies
have shown that only 24% of children and adolescents (i.e.,
6-17 years old) perform 60 min of moderate to vigorous
daily physical activity in the United States (Katzmarzyk
et al. 2018). A similar decline in physical activity levels
has also been reported in other countries such as Australia,
Ethiopia, Mexico, Portugal and Brazil (Aubert et al. 2018).
A study in the UK reported that 7-year-old English children
spent 50% of their waking day time sedentary, and that this
sedentary time increased up to 75% at the age of 15 years
old (Janssen et al. 2016). It should be noted that children and
adolescents appear to have more sedentary time than adults
(Matthews et al. 2008; Colley et al. 2011). The increased
sedentarism among children and adolescents seems to be
partly attributed to a significant reduction of school physi-
cal education activities, and to the technological advances,
which have decreased children’s exposure to “free play” and
their need to move (Faigenbaum et al. 2019).

Other factors that could increase sedentary behavior of
children and adolescents are the lack of family members
(e.g., guardians, parents) who continuously encourage
them to perform physical activities and sports (e.g., daily
physical education classes, outdoor time), reduced access
of children to school facilities (e.g., gymnasium, sporting
field, outdoor playgrounds), living in communities/environ-
ments that do not have infrastructures (e.g., well-maintained
facilities, playgrounds and parks) that are safe to use and
facilitate physical activity for youth, and the lack of physical
promotion strategies and initiatives for youth (Katzmarzyk
et al. 2018; Aubert et al. 2018). Thus, the decreased level of
physical activity in modern-day children and adolescents is
concerning, since physical inactivity in early life is known to
lead to sedentary behavior during adulthood (Laurson et al.
2012).

Physical inactivity levels in children have recently been
increased more by the COVID-19 pandemic (Shuffrey et al.
2022; Moyer 2022). It has been reported that infants who
were born during the pandemic period have lower scores
on tests of gross and fine motor skills when compared with
those born before the pandemic (Shuffrey et al. 2022). This
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seems to be related to the limited playtime and social inter-
actions of children, reducing even more their physical activ-
ity levels during the COVID-19 pandemic (Moyer 2022).
Post-pandemic reports also revealed that primary school-
aged children have reduced outdoor play or exercise time in
their daily routines over the years after the lockdown period,
leading to increased adiposity (Sum et al. 2022).

Longitudinal data have shown that modern-day children
and adolescents are weaker and less physically active than
previous generations (Laurson et al. 2012; Cohen et al.
2011), and that the sedentary behavior of contemporary
youth has resulted in dynapenia (loss of muscle strength),
which is a condition that was previously seen in only older
adults (Faigenbaum et al. 2018a, 2019; Faigenbaum and
MacDonald 2017). The term pediatric dynapenia is char-
acterized by low levels of muscular strength and power
and consequent functional limitations not caused by neu-
rologic or muscular disease in children (Faigenbaum et al.
2019; Faigenbaum and MacDonald 2017). This is alarming
because pediatric dynapenia can lead to consequent func-
tional limitations and co-morbidities along the lifespan, and
a reduced strength production capacity is associated with an
increase in obesity (Faigenbaum et al. 2019).

A recent meta-analysis including only prospective cohort
studies with a follow-up period of at least 1 year found that
youth with higher levels of muscular fitness tested by hand-
grip, sit-ups, long jump, among others presented lower adi-
posity and cardiometabolic complications along with greater
bone health later in life (Garcia-Hermoso et al. 2019). Fur-
thermore, Henriksson et al. (2019) in a prospective cohort
study of 1.2 million participants showed that increased
handgrip and knee extension muscle weakness during ado-
lescence were strongly associated with disabilities 30 years
later in life. Other prospective studies have also shown that
youth with muscle weakness have increased risk of cardio-
vascular disease and diabetes during midlife (Fraser et al.
2021; Timpka et al. 2014). Thus, appropriate resistance
training (RT) interventions during childhood that prevent
strength loss are necessary to reduce or prevent the risk of
developing pediatric dynapenia (Faigenbaum et al. 2019,
2023; Faigenbaum and MacDonald 2017). Strengthening
exercises are also essential for the neuromuscular, cognitive
and cortex structural development of youth, which influence
on neurocognitive and motor development in later stages of
life (Myer et al. 2015).

Several review articles have shown that structured RT
programs are effective for increasing neuromuscular function
such as muscle strength and body composition variables,
and/or avoid health complications in children (Faigenbaum
et al. 2018a, 2019; Faigenbaum and MacDonald 2017).
However, the effects of RT programs in children with a risk
of developing pediatric dynapenia have not been system-
atically investigated. The present study examined changes
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in muscle strength and other neuromuscular parameters,
together with body composition following a RT program
in sedentary children. In particular, an important variable
to assess in this context is muscle quality (MQ), which may
indicate the amount of the contractile components of the
muscle and non-contractile tissue (e.g., intramuscular fat
infiltration) (Radaelli et al. 2013) and/or the ability to gener-
ate force relative to segmental muscle “size” or “lean mass”
(Goodpaster et al. 2006; Mota et al. 2017), since intramuscu-
lar lipid infiltration in the skeletal muscle may result in insu-
lin resistance and associated complications in youth (Weiss
et al. 2005). However, MQ has not been extensively explored
in studies of children, in particular using echo-intensity (EI)
to estimate intramuscular fat infiltration, as previously inves-
tigated in adults and older adults (Henriksson et al. 2019;
Mota et al. 2017).

To the best of our knowledge no previous study has sys-
tematically investigated effective resistance training pro-
grams for reduction of pediatric dynapenia. It may be pos-
sible to do that by examining whether linear associations
exist between changes in muscle strength with changes in
body composition and neuromuscular parameters follow-
ing a RT program for children who have reduced levels of
muscular strength. Therefore, the aim of the present study
was to investigate the effects of a 12-week RT program on
neuromuscular and body composition parameters in pubertal
children with a risk of dynapenia. It was hypothesized that
the 12-week of RT would increase one repetition maximal
(1-RM) strength, maximal voluntary isometric contraction
(MVIC) torque, rate of torque development (RTD), elec-
tromyographic (EMG) activity, muscle thickness (MT),
and muscle quality (MQ) measured by both echo intensity
(MQg) and specific tension of MVIC torque per unit of
thigh fat-free mass (FFM) of the knee extensors (MQgry),
and reduce body fat percentage, but provide no changes
in bone mineral density (BMD) and bone mineral content
(BMC) because of the limited duration of training. We also
hypothesized that there would be linear associations between
changes in muscle strength, neuromuscular parameters and
body composition.

Methods
Participants

Twelve pubertal children (7 boys and 5 girls) from southern
Brazil who had not performed any RT and had never been
engaged in any other structured exercise/training program
participated in the study. All of them were free from any
neuromuscular injury. This recruitment criterion was used as
it was unlikely that resistance trained children would present
concerning levels of muscle weakness and/or an increased
risk of developing pediatric dynapenia (Faigenbaum et al.
2019, 2023; Faigenbaum and MacDonald 2017). Their base-
line average (range) age, standing height, body mass, body
mass index (BMI) and Tanner stage were 13.4+0.9 (12-15)
y, 163.4+7.8 (154.9-177.5) cm, 53.0+7.8 (39.4-61.8)
kg, 13.1+2.5 (8.8-15.9) kg.m?, and 3.4+0.6 (2.5-4.5),
respectively. The average values of the above parameters
were 13.4+1.0 (12-15) y, 167.2+8.3 (154.9-177.5) cm,
55.0+7.6 (39.4-59.8) kg, 14.5+ 1.8 (10.7-15.9) kg.m? and
3.6 +0.5 (3.0-4.5) for the boys, and 13.4+1.14 (12-15) y,
158.1+2.0 (155.4-160.8) cm, 50.2 + 8.1 (40.4-61.8) kg,
11.0+1.7 (8.8-13.2) kg.m? and 3.0+ 0.6 (2.5-3.5) for the
girls. Their baseline knee extensor MVIC torque normal-
ized by body mass (MVIC/BM) was 2.68 +0.48 N m kg! in
boys, and 2.34+0.48 N m kg ™! in girls. These were in a sim-
ilar level to or lower than those of severely obese untrained
male and female adolescents, and also lower than most
physically active non-obese youth of the same age group
(12—15 years) reported in the last two decades (Table 1). The
baseline bilateral leg extension strength normalized by body
mass [1-RM (kg)/BM (kg)] of the children in the present
study (boys: 0.62 +0.13; girls: 0.46 +0.06) was also~67%
lower than that of 14-year-old physically active male ado-
lescents reported by a previous study (Pullinen et al. 2011).
These indicate that the participants of the present study were
at risk of developing pediatric dynapenia.

Based on the data from a previous study reporting
changes in leg extension 1-RM from before (19.3 +£9.0 kg)

Table 1 Baseline knee extensor

) . . Research study Study year Age (y) Status Sex Equipment Knee MVIC/BM
maximal voluntary isometric . -1
. joint (Nmkg™)
contraction torque of the knee angle
extensors (MVIC) normalized
by body mass (MVIC/BM) Maffiuletti et al. (2008) 2008 149+1.1 Nob B CYBEX 80° 3.6
reported by previous studies Abdelmoula etal. 2012) 2012 144407 Nob B  Home-made 60° 33
in children with a similar age
range to the sample of the Abdelmoula et al. (2012) 2012 142+1.4 Ob B Home-made 60° 2.5
present study (12—15 years) Garcia-Vicencio et al. (2015) 2015 13.6+0.8 Nob G CYBEX 80° 32
Garcia-Vicencio et al. (2015) 2015 139+09 Ob G CYBEX 80° 2.8
Gillen et al. (2020) 2020 139+0.8 Nob B BIODEX 60° 22

Ob obese; Nob non obese; G girls; B boys
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to after (27.2+10.9 kg) an 8-week moderate-load RT
program performed by 16 untrained pubertal children
(Faigenbaum et al. 1999), the effect size was estimated
to be 0.9. Using G*Power 3.1 (Institute for Experimental
Psychology, Dusseldorf, Germany), with a power of 0.8
and a significance level of 0.05, the required sample size
was estimated to be 10. Accounting for possible dropouts
and an estimation error, a total of 14 participants were
recruited initially, but two children did not attend the first
session and thus did not continue the training for 12 weeks.
Thus, the analyses were based on the 12 participants who
completed all the 24 training sessions.

The children and their parents/guardians were informed
about the risks and benefits of participating in the present
study, and all of them provided a written informed consent.
They also completed a pre-exercise medical questionnaire
to reduce any health or accident risks upon participation
in the present study. All the procedures of the study were
approved by the University’s Research Ethics Committee
(No 1.802.716) and were in accordance with the standards
of the Declaration of Helsinki.

Experimental design

The participants performed a full body RT twice a week for
12 weeks as detailed below. However, measurements were
focused on knee extensor muscles, because these muscles
are commonly used in children’s functional tasks and activ-
ities. The outcome measures of neuromuscular and body
composition variables were taken 3—5 days before the first
training session (pre) and 3-5 days after (post) the last train-
ing session. Pre- and post-testing consisted of two sessions
separated by at least 24 h. On the first session, participants
had the following assessments in the order: (1) anthropomet-
ric (standing height, body mass, Tanner stage) measures, (2)
ultrasound (MT and EI) and DXA-derived body composition
measures (body fat percentage, BMD, BMC, total body and
thigh FFM, thigh fat percentage and fat mass) and (3) MVIC
torque and RTD of the knee extension, and EMG activity
of the rectus femoris (RF) and vastus lateralis (VL). On the
second session, participants were measured for 1-RM. The
ultrasound and isokinetic measurements were always taken
from the right leg while the 1-RM was performed bilater-
ally by the participants. In addition, DXA scans were taken
from both full body and the right thigh specific region. Out-
come measures were compared between before and after the
12 weeks of RT, and the associations between the significant
changes among variables were tested.

Resistance training and 1-RM strength

The RT program was performed two sessions a week (60—90
min a session) for 12 weeks, with each session separated
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by at least 48 h (total of 24 sessions). In each session, par-
ticipants performed the following exercises: bilateral knee
extension, bilateral knee flexion, bench press, abdominal
crunch, back extension, lateral pull-down, elbow flexion
and upright row. The exercises were performed using weight
stack and cable machines (Konnen Gym, China). Before
each training session, participants performed a 5-min warm-
up on a cycle ergometer (Movement Technology, BM 2700,
Movement, Pompeia—SP, Brazil).

Volume and intensity of training were increased in a lin-
ear manner as shown in Table 2. The volume varied from 1
set of 15 repetitions to 2 sets of 10 repetitions, while inten-
sity increased from 55 to 80% of 1-RM from weeks 1 to 12.
For every exercise, concentric and eccentric contractions
were performed by lifting and lowering the load under con-
trol for~4 s (~2 s for each contraction type) through a full
range of motion. Exercises were performed in a constant
flow with no rest (pause) between repetitions and/or contrac-
tions. Two minutes of rest were given between each set. All
participants were familiarized with the training protocol at
the beginning of the first training session, and the sessions
were systematically supervised by a trained instructor.

To determine the training intensity, the 1-RM of each
exercise was tested before the training session. Participants
first warmed up by performing 8—10 repetitions with a light
load (i.e., 20% of participants’ body mass). The load was
then increased until the participants failed to perform the
repetition through the full range of motion during ~4 s. The
lifting and lowering times were controlled by the use of a
metronome. A maximum of four attempts was given for the
1-RM to be reached, with 4-min rest between attempts. The
1-RM was defined as the heaviest load that each participant
could complete a single repetition for each exercise. The
1-RM was also tested after 6 weeks of training to adjust the

Table 2 Resistance training program. Number of sessions, sets, rep-
etitions and intensity over 12 weeks

Week Number of Number of Number of Intensity
sessions sets repetitions (% of
1-RM)
1 2 1 15 55-60%
2 2 2 15 55-60%
3 2 2 15 55-60%
4 2 2 15 55-60%
5 2 2 12 60-65%
6 2 2 12 60-65%
7 2 2 12 65-70%
8 2 2 12 65-70%
9 2 2 10 70-75%
10 2 2 10 70-75%
11 2 2 10 75-80%
12 2 2 10 75-80%
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training load. Although this was done for all exercises, only
the bilateral knee extensor 1-RM recorded before and after
12 weeks of training were used for further analyses.

Outcome measures
Anthropometric measures

Participants were measured barefoot for standing height
on a wall-mounted stadiometer (Seca 213 stadiometers,
Germany) and body mass on a digital scale (Filizola scale,
Brazil, accuracy 0.1 kg). Body mass index was calculated
by body mass (kg) divided by standing height> (m?). In addi-
tion, biological maturity was assessed by parents or guard-
ians from pictures based on pubic hair and testicular/penis
development for boys and pubic hair and breast development
for girls (Tanner 1962).

Ultrasound measures

Each participant lay supine on a table with legs relaxed for
10 min to allow body fluids to stabilize. The investigator
measured MT and EI of the vastus lateralis (VL), vastus
medialis (VM), rectus femoris (RF) and vastus intermedius
(VD) of the right lower limb using a real-time B-mode ultra-
sound apparatus (Nemio XG SSA-580 A, Thoshiba., Japan)
with a linear array probe (38 mm, frequency band 9.0 MHz).
Measurements were performed after applying a water-solu-
ble gel between skin and transducer to provide acoustic con-
tact. The probe was placed at 50% of the distance between
the lateral condyle and greater trochanter of the femur for the
measurements of the VL muscle, 60% of this distance for the
measurements of the RF muscle, and 30% of this distance
for the measurements of the VM muscle (Ruas et al. 2018).

The largest distance between the adipose muscle upper
fascia and the lower fascia was determined for all muscles
except for VI, which was measured at the distance between
the bone and the adipose-muscle upper fascia (Ruas et al.
2017, 2018). The straight-line function of the ImageJ soft-
ware (Version 1.48v, National Institutes of Health, Bathesda,
MD, USA) was used for MT analyses. The average of three
reproducible measurements (< 5% difference) was consid-
ered as the MT for each muscle. Quadriceps MT was then
calculated as the sum of MT of RF, VI, VL and VM (Ruas
et al. 2019).

EI values were obtained in the greatest region of interest
of each quadriceps head by surrounding the muscles without
including fascia or bone, and then using the histogram func-
tion of the Image] software. EI values were expressed in a
range between 0 (black) and 255 (white) (Ruas et al. 2017).
The average of three reproducible EI measurements (<5%
difference) was calculated for each muscle of the quadri-
ceps, and quadriceps EI was considered as the total EI of

RF, VI, VL and VM. As indicators of muscle quality (MQ),
two parameters were used: (1) MQp; was derived from EI
measurements, in which a decrease in MQyg; from pre- to
post-training would represent an increase in MQ (Ruas et al.
2017); (2) MQgr was calculated by dividing MVIC torque
by thigh FFM or “lean mass”, in which an increase in MQgy
(i.e., “specific tension” of MVIC) from pre- to post-training
would represent an increase in MQ (Goodpaster et al. 2006;
Mota et al. 2017).

For all analyses, the transducer was placed perpendicu-
lar to the muscle fibers. The same ultrasound settings for
gain (90 dB) and image depth (70 mm) were used for all
ultrasound assessments to optimize the quality of the images
and allow consistent measurements across participants (Ruas
et al. 2017). An experienced researcher in ultrasound meas-
urements performed the assessments.

Body composition measures

Body composition was assessed using DXA (Hologic Dis-
covery W, EUA). Participants lay supine on a table and
were asked to remain relaxed with their hips and shoulders
aligned and centralized, and feet rotated medially for a full
body X-ray scan from head to toe direction to be taken for
approximately 7 min. The full body fat percentage, fat mass,
FFM, BMD and BMC were further measured and recorded
from the scan. Since most of the neuromuscular variables
included in the present study were specific to thigh muscle
groups (i.e., quadriceps), specific measures of the right thigh
region (thigh-specific fat percentage, fat mass and FFM)
were also performed and recorded for further analyses.
For this, the right thigh region of the scan was demarcated
during offline analyses using straight line borders from the
head of the femur to the tibial edge to form a “thigh box”
as a region of interest (see Fig. 1). It is worth noting that
the radiations emitted from the DXA assessments are less
than 1 uSv per session, which do not represent health risks
in humans, and thus have been previously used to measure
body composition in children (dos Cunha et al. 2015). The
equipment was also calibrated daily during the experiment
and before each assessment according to the guidelines of
the DXA company model.

Maximal voluntary isometric contraction (MVIC) torque

Participants were tested for MVIC torque of the right knee
extensors on an isokinetic dynamometer (Cybex Norm,
USA). Torque signals were recorded, digitized and sampled
at 2 kHz using Miograph software with a 14 bit analogue-to-
digital converter (New Miotool System, Miotec, Brazil, RS),
and further analyzed offline using a custom-made routine
developed in MATLAB (Version 6.5, Mathworks, USA).

@ Springer
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Fig.1 Dual-energy X-ray absorptiometry (DXA) image showing a
full body X-ray scan from a single representative participant. Green
traces show the thigh-specific measures that were performed using
straight line borders (from the head of the femur to the tibial edge) to
form a “thigh box” as a region of interest

All participants sat upright on the dynamometer, and
had straps across their thighs, chest and hips to minimize
movements from other parts of the body during the test.
The tested lower limb of the participants was attached to
the lever arm of the dynamometer two centimeters above the
medial malleolus, and the axis of rotation of the dynamom-
eter was aligned to the femur’s lateral epicondyle. Before
testing, participants warmed up by performing light (sub-
maximal) isokinetic knee extension and flexion contractions
at 120°s™!. Then, participants performed MVIC, which con-
sisted of three 5-s knee extension maximum attempts with
the lower limb fixed at 60° of knee flexion (0° =full knee
extension), with 2-min rest between trials. Strong verbal
encouragement was given to each participant to extend the
knee as strong and fast as possible, without performing any
countermovement or pretension before the trials. Real-time
torque feedback was displayed on a screen in front of par-
ticipants. The highest value of the three MVIC peak torques
was used for further analysis.

@ Springer

Rate of torque development (RTD)

RTD was calculated as the average slope of the MVIC
torque-time curve at intervals 0-50, 0-100, 0-150, 0-200,
0-250, 0-300 and 0-350 ms. The onset of muscle contrac-
tion was defined as 2.5% of each individual MVIC torque.
The MVIC with the highest peak torque of the three trials
for each participant was used for calculating the RTD values
for each time interval.

Electromyographic (EMG) activity

During MVIC testing, EMG activity from the RF and VL
of the right lower limb were recorded by a Miotool EMG
system (New Miotool System, Miotec, Brazil, RS) using
two bipolar surface electrodes (Ag—AgCl) positioned in the
longitudinal direction of each muscle aligned to the mus-
cle fibers. The anatomical sites used for placement of the
electrodes for each muscle were selected according to the
“Surface EMG for Non-Invasive Assessment of Muscles
(SENIAM) guidelines” (Hermens et al. 1999). A ground
electrode was placed over the tibial tuberosity of the lower
limb tested. The skin was shaved, abraded and cleaned with
70% isopropyl alcohol swabs. Raw EMG signals were fil-
tered at 20-500 Hz (band pass filter), amplified (1000x) and
digitized at 2 kHz. Root mean square (RMS) of EMG signals
was calculated over the period of 1 s around the time of peak
torque during the MVIC trials. The EMG values (RMS) of
the MVIC with the highest peak torque were then normal-
ized to peak torque (EMG/torque). All data for EMG activity
were analyzed using Miograph software (14 bit analogue-to-
digital converter, Miotec, Brazil).

Statistical analyses

Data were screened for normality of distribution and homo-
geneity of variances using the Shapiro—Wilk test and the
Levene’s test, respectively. The dependent variables (MVIC
torque, RTD, EMG, MT, MQg;, MQgr, body fat percent-
age, BMD, BMC, total body and thigh FFM, thigh fat per-
centage, thigh fat mass) measured before and after RT were
then compared using a series of linear mixed models with
a repeated measures design, with time (pre- to post-train-
ing) used as a fixed effect. The use of linear mixed mod-
els with a repeated measures design has been previously
recommended for experimental studies examining changes
in variables from before to after training interventions, as
this type of statistical analysis allows grouping of individu-
als and/or variables from different units of measurement,
reducing inter-individual variability and eliminating any
confounding variables (Moura et al. 2021). These models
also allow describing the relationship between a response
variable and other explanatory variables obtained along with
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this response variable, in which at least one of the explana-
tory variables is a categorical grouping variable representing
an experimental “unit” (Magezi 2015).

The most appropriate covariance structure of each model
was first determined by visually inspecting the variances
using descriptive statistics, and then testing the correlations
between the time points of each variable by Pearson cor-
relation tests (r). These analyses indicated that “compound
symmetry”, “unstructured” and “scaled identity” types of
covariance structures should be used in the models. Addi-
tional linear mixed model analyses were also conducted to
test whether linear associations existed between the sig-
nificant changes in muscle strength and the changes in the
neuromuscular and body composition variables from pre- to
post-training. For these models, “time” (pre- to post-train-
ing) was used as a fixed effect and “participants” was used
as a random effect, while MVIC torque and 1-RM were used
as covariates, and the neuromuscular and body composition
parameters were used as dependent variables. Significance
was set at p <0.05. All analyses were performed with SPSS
21.0 (Statistical Package for Social Sciences, Armonk, NY,
USA).

Results
Training

All children completed the entire training program (24 ses-
sions in 12 weeks) and appeared to enjoy the program.

MVIC torque, 1-RM, RTD and EMG

Linear mixed models revealed significant time effects for
changes in MVIC torque [#(11)=-3.47, p=0.005)] and
1I-RM [#(11)=-9.19, p<0.001)] from pre- to post-training.
MVIC torque at baseline was 134.5+32.6 N m (range:
99.0-176.0), and increased by 16.3+17.8% (—8.5-45.0%)
from pre- to post-training (Fig. 2a). 1-RM at baseline was
29.1+7.4 kg (20-40 kg) and increased by 63.9+4.5%
(55.8-69.6%) from pre- to post-training (Fig. 2b). Simi-
larly, when normalized to body mass (BM), MVIC torque
(MVIC/BM) and 1-RM (1-RM/BM) significantly increased
by 14.6+17.9% [t(11)=-2.93, p=0.014)] and 63.2 +4.6%
[#(11)=-9.55, p<0.001] from pre- to post-training, respec-
tively. Since the normalization to BM did not seem to influ-
ence the results, absolute MVIC torque and 1-RM were
considered for further statistical analyses and interpretation
of the results.

In contrast, no significant time effects were observed for
RTD at 0-50 [#(16)=—1.41, p=0.18], 0-100 [#(16)=1.33,
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p=0.20] (Fig. 2¢), 0-150 [#(16)=—1.64, p=0.12], 0-200
[((16)=-1.71, p=0.11], 0-250 [#(16)=—1.82, p=0.87],
0-300 [#(16)=—1.96, p=0.68] and 0-350 ms [#(16)=—-2.07,
p=0.55] intervals, and for RF EMG/torque [#(8)=—0.74,
p=0.48] (Table 3) and VL EMG/torque [#(8)=—2.01,
p=0.78] (Fig. 2d). Similarly, no significant time effects were
found when RTD was normalized to BM (RTD/BM) in all
time intervals (p > 0.53). It is worth noting that due to tech-
nical problems during data collection (e.g., unforeseen coun-
termovement torque in the force—time curve, and clipping of
the EMG recording) in the pre- or post-training measures,
RTD and EMG data were analyzed for nine children.

Muscle thickness and muscle quality

Significant time effects were found for MT [#(11)=—-12.24,
p<0.001], MQg; [#(11)=5.59, p<0.001] and MQgy
[t(22) =—-2.38, p=0.026] from pre- to post-training. MT
increased by 18.8 £5.5% (range: 10.2-29.8%), MQg;
decreased by —25.9+15.2% (—48.8-11.7%), and MQgy
increased by 15.1+ 18.8% (—17.9—47.9%) from pre- to post-
training (Fig. 3).

Body composition

A significant time effect was found for total body fat-free
mass (FFM) [#(11)=-2.89, p=0.014] (Fig. 4a), which
increased after training by 2.3 +3.2% (—3.4-7.2%) from
baseline. However, no changes were evident for total body
fat percentage [#(11)=0.88, p=0.39] (Fig. 4b), BMC
[#(22)=-1.04, p=0.31] (Fig. 4c), BMD [#(11)=-1.85,
p=0.091] (Fig. 4d), and total body [#(11)=0.56, p=0.59]
and thigh fat mass [#(11)=-0.25, p=0.81], thigh fat
percentage [#(11)=0.51, p=0.62] and thigh FFM
[t(11)=—-1.18, p=0.26] (Table 3).

Associations between variables

Additional linear mixed model analyses revealed linear
associations between the significant changes in knee exten-
sor strength (1-RM and/or MVIC torque) and the signifi-
cant changes in neuromuscular (MT, MQg; and MQgr)
and body composition (FFM) variables from pre- to post-
training. These linear associations are illustrated in Fig. 5
by demonstrating the magnitude of changes between the
associated variables from before to after 12 weeks of train-
ing (post-training minus pre-training as % of pre-training
value). More specifically, parameter estimate analyses of
the models showed that for every one unit change in MVIC
torque (i.e., I N m), MT significantly increased by 1.78 mm
[95% CI: 0.59-2.96; #(20) =3.12, p=0.005] (Fig. 5a), FFM
increased by 0.23 kg [95% CI: 0.005-0.40; #(12)=2.84,
p=0.02] (Fig. 5b), MQy; decreased by 1.77 A.U. [95% CI:

@ Springer

Table 3 Changes (mean=+standard deviation and ranges of 12 par-
ticipants) in the rate of torque development (RTD) over different time
intervals (0-100, 0-150, 0-200, 0-250, 0-300, 0-350 ms), rectus
femoris (RF) electromyographic activity (EMG) normalized to knee
extensor maximal voluntary isometric contraction torque (EMG/
torque), total body fat mass, thigh fat mass, thigh fat percentage, thigh
fat free mass (FFM), and thigh bone height (distance from the greater
trochanter to the medial line of the patella) from before (pre) to after
training (post)

Variable Pre Post )4
RTD 0-50 ms Mean 3959 407.9 0.18
(Ns™h +SD 42248 +£213.4

Range 26.6-704.9  193.8-915.0
RTD 0-100 ms Mean 541.3 407.9 0.21
(Ns™ +SD 2134 +213.4

Range 145.3-748.9 299.2-897.9
RTD 0-150 ms Mean 364.3 514.3 0.12
(Ns™h +SD 2042 +£184.3

Range 92.1-676.0  202.2-760.2
RTD 0-200 ms Mean 314.6 450.5 0.87
(Ns™ +SD  +1825 +152.4

Range 49.3-579.4  204.2-675.9
RTD 0-250 ms Mean 149.8 392.9 0.87
(Ns™ +SD  +156.6 +1273

Range 31.8-492.9  203.5-605.7
RTD 0-300 ms Mean 232.7 344.8 0.68
(Ns™ +SD  +1342 +107.6

Range 21.8-422.4  217.8-535.1
RTD 0-350 ms Mean  203.7 306.9 0.55
(Ns™ +SD x1169 +929

Range 15.9-366.5 191.4-4754
RF EMG/torque Mean 0.9 1.0 0.36
(mV/N m) £SD  £0.5 +0.5

Range 0.3-2.0 0.06-1.6
Total body fat mass Mean 135 13.5 0.59
(kg) +SD  +49 +5.1

Range 6.6-22.8 7.1-22.6
Thigh fat mass Mean 5.9 59 0.81
(kg) +SD  +1.8 +1.7

Range 3.3-9.0 3.4-9.2
Thigh fat percentage =~ Mean  29.7 29.5 0.62
(%) +SD  £73 +7.1

Range 17.4-39.3 18.3-39.2
Thigh FFM Mean 13.1 13.3 0.26
(kg) +SD  +25 +2.7

Range 8.8-15.8 9.3-16.8
Thigh bone height Mean 42.0 423 0.18
(cm) +SD  +23 +2.7

Range 38.7-45.4 39.9-46.7

—3.38to —0.15; #(18) =—2.29, p=0.03] (Fig. 5¢) and MQgr
increased by 0.66 N m/kg [95% CI: 0.05-0.08; #(15)=9.90,
p <0.01] (Fig. 5d). In addition, for every one unit change in
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1-RM (i.e., 1 kg), MT significantly increased by 0.14 mm
[95% CI: 0.001-0.29; #(12)=2.19, p=0.04)] (Fig. 5e), FFM
increased by 0.02 kg [95% CI: 0.001-0.02; #(13)=3.17,
p<0.01] (Fig. 5f) and MQyg; significantly decreased by 1.97
A.U. [95% CI: =3.21 to —0.73; 1(14)=-3.42, p=0.004)]
(Fig. 5g). However, no significant linear association was
observed between MQg and 1-RM [95% CI: —1.35-1.85;
1(27)=0.32, p=0.74].

Post-training Pre-training Post-training

Discussion

We hypothesized in the present study that the 12-week
structured RT would increase neuromuscular function
and body composition of sedentary pubertal children.
In line with the hypothesis, knee extension 1-RM and
MVIC torque, total body FFM, quadriceps MT and MQ
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(using two commonly used methods for this assessment)
increased from pre- to post-training. Additionally, linear
mixed models showed significant associations between the
changes in 1-RM and/or MVIC torque and the changes in
quadriceps MT, MQg;, MQgr, and total body FFM follow-
ing RT (Fig. 5). However, RTD, EMG activity, and other
DXA-derived whole body or thigh composition variables
did not change following the 12-week RT program. There-
fore, the 12-week RT seemed to be effective for reducing
the risk of pediatric dynapenia.
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It should be noted that the participants of the present
study had never performed any structural resistance exer-
cise training program, and their baseline measures indicated
that they were considered to be at risk of pediatric dynap-
enia (see Table 1). It has been reported that sedentary chil-
dren and adolescents may have poor exercise compliance,
especially when it involves prolonged periods of continu-
ous exercise (Myer et al. 2015). However, all participants
of the present study had a great adherence to the training
program and did not miss any session. The reason for this
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may be due to the friendly and enjoyable atmosphere in the
RT program, that was safe, well structured, and instructed
by experienced instructors. Overall, our results were aligned
with previous studies that recommend structured RT inter-
ventions for children to increase muscle strength, which is
fundamental to develop physical capacities during child-
hood development (Faigenbaum et al. 2018a, 2019, 2023;
Faigenbaum and MacDonald 2017). In fact, previous studies
(Faigenbaum et al. 2023; Lesinski et al. 2020) have sug-
gested that RT has the potential to enhance physical fitness
in children beyond a level explained exclusively by growth
and/or maturation. Thus, the integration of well-designed
RT programs in school and community programs that target
strength deficits and build strength reserves in youth have
critical importance to improve physical fitness and prevent
dynapenia in children (Faigenbaum et al. 2019, 2023). Clini-
cians and health care providers also have an important role
in identifying physically inactive youth and referring them to
exercise professionals who can design appropriate exercises
programs targeted to improve muscular strength/power and
neuromuscular deficiencies (Faigenbaum et al. 2018b).

Previous studies have recommended that structured RT
interventions should be prescribed to prevent and/or treat
pediatric dynapenia (Faigenbaum et al. 2018a, 2019; Faigen-
baum and MacDonald 2017). However, to the best of our
knowledge no previous experimental study has systemati-
cally examined effects of RT programs on children who had
low muscle strength levels. In the present study, knee exten-
sor MVIC torque was increased ~ 16% and leg extension
1-RM was increased ~ 64% following the 12-week (2 times/
week) RT (Fig. 2a, b). It is difficult to compare our findings
with previous RT studies in youth, because of the differences
in the maturity level, training methods and outcome meas-
ures. However, the muscle strength improvements found in
the present study were partly aligned with the results from
Faigenbaum et al. (1999) who reported that~5-12 year-old
children had 31-42% greater leg extension 1-RM after per-
forming twice-weekly RT sessions involving low or high
volumes of training for 8§ weeks. Similarly, high-intensity
and circuit RT programs have been shown to be effective for
increasing isokinetic knee extension peak torque by ~15%
after 10 weeks (2 sessions/week) (Granacher et al. 2011),
and by 21% after 20 weeks (3 sessions/week) in children
(Ramsay et al. 1990). However, the lack of changes in RTD
after the RT program of the present study seems to indicate
that training programs that integrate explosive strength com-
ponents such as speed, power and agility (e.g., fundamental
integrative training) (Bukowsky et al. 2014) might be more
effective to modify this variable in youth. Further research
is necessary to confirm this assumption.

It is well known that pubertal children show increases
in muscle tissue following RT, probably due to increases
in the levels of circulating hormones and growth factors

(Kraemer et al. 1989). As shown in Fig. 3a, quadriceps MT
increased ~ 19% after 12 weeks of training, and based upon
the individual data, all participants displayed hypertrophic
responses. The results of the present study are consistent
with those of a previous study (McKinlay et al. 2018) show-
ing increases in vastus lateralis MT of 6.7-8.1% in young
soccer players (11-13 years) who undertook 8 weeks of
free-weight RT or plyometric training (2 sessions/week). In
contrast, our results are not consistent with those of another
study reporting no significant changes in quadriceps cross
sectional area in 8-year-old children following 20 weeks of
RT (Granacher et al. 2011). Taken together, these findings
seem to support the contention that RT is more likely to
modify muscle size during or after puberty compared to
before puberty (Malina 2006).

The results of the present study also revealed that
echo-intensity (i.e., MQg;) decreased by ~26% and MQqy
increased by ~ 15% from pre- to post-training, demonstrat-
ing an overall improvement in the quality of knee extensor
muscles following RT (Fig. 3b, ¢). To the best of our knowl-
edge, only one previous study (Mota et al. 2017) examined
changes in MQ of healthy children, and reported that MQg;
of the VL and RF did not change after 16 weeks of strength
and conditioning program, while small increases in MQgy
(i.e., knee extension peak torque divided by DXA-derived
thigh lean mass) were found. However, in the present study
we found for the first time that MQg; and MQgy improved
in children after RT (Fig. 3). Physiological mechanisms
underpinning this improvement remain to be elucidated. It
may be that an increase in the contractile proteins with a
concomitant reduction in intramuscular fat infiltration and/
or increased ability to generate knee extensor MVIC torque
relative to the “quadriceps lean mass” (N m kg™!) (Radaelli
et al. 2013; Goodpaster et al. 2006; Mota et al. 2017) con-
tributed to the improved MQ. A previous study (Weiss et al.
2005) found that the accumulation of intramyocellular lipid
in the skeletal muscle was associated with development of
muscle insulin resistance in obese pubertal children. Thus,
it may be that monitoring and improving MQg; and MQgy
by structured RT programs can be important for prevention
or reversal of lipid deposits at cellular and molecular levels
to avoid associated health complications. Nonetheless, these
findings should be interpreted with caution due to the dif-
ferent approaches that are commonly used to assess MQp;
and MQgr, and the multiple methodological factors that can
affect the interpretation of changes in EI (Pinto et al. 2022)
and specific tension (Mota et al. 2017) in different muscles
from before to after training.

Although not thoroughly investigated, previous studies
have reported that RT improves body composition meas-
ured by DXA in children (dos Cunha et al. 2015; McGuigan
et al. 2009). dos Cunha et al. (2015) showed that children
(~ 10 years) that enrolled in a RT program for 12 weeks (3
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sessions/week) had similar increases in FFM to a control
group that performed no training. The authors suggested that
these changes were due to biological maturation. However,
the control group increased total fat mass by 4.6%, whereas
no changes in fat mass were observed in the training group.
In contrast, McGuigan et al. (2009) found that 8 weeks of
RT in children that had the same age of the aforementioned
study resulted in 2.6% decreases in percent body fat and 5.3%
increases in FFM. Nonetheless, none of these studies showed
changes in bone and/or other body composition variables. The
present study found an increase in FFM by 2.3% after the RT
program, but no significant changes in other DXA-derived
body or thigh-specific bone composition variables (Fig. 4,
Table 3). It is possible that a greater training volume is required
to elicit such changes. Specific nutritional programs during RT
might also be important when targeting changes in body and
bone composition. In fact, Volek et al. (2003) reported that
a 12-week RT program (3 times/week) combined with high
calcium intake (i.e., 3 servings/day of 1% fluid milk) increased
total body FFM by 5.1%, BMC by 3.6%, BMD by 1.7%, and
reduced fat mass by 9.3% in adolescent boys.

The linear mixed model associations illustrated by the
magnitude of changes from before to after 12 weeks of RT
(Fig. 5) mostly showed that the improvements in strength
(1-RM and/or MVIC torque) were linearly associated with
MT, MQg;, MQgy and FFM changes. Importantly, the base-
line values of knee extensor MVIC/BM in the present study
(boys: 2.68 +0.48 N'm kg'; girls: 2.34+0.48 N m kg™!) were
at a similar level or lower to those reported by most previous
studies in the last two decades in severely obese untrained
male and female adolescents, and lower than those previously
reported in physically active nonobese adolescents from a
similar age range (1215 years) (Table 1). The only excep-
tion to this is the recent study from Gillen et al. (2020) in
which physically active boys had very low MVIC/BM (~2.2
N m kg™!) compared to our sample and to the studies pub-
lished in previous years. The baseline 1-RM (kg)/BM (kg)
of the present study participants (boys: 0.62+0.13; girls:
0.46 +0.06) was also lower when compared with physically
active male adolescents reported by a previous study (Pul-
linen et al. 2011). Although the present study included a
mixed sample of boys and girls and comparisons between
studies with different methodologies are often difficult, the
improvements in knee extension strength (MVIC/BM: ~ 15%,
and 1-RM/BM.: ~64%) in relation with some neuromuscular
and body composition components following the 12-week RT
program suggest that in general the children in our study could
be at greater risk of pediatric dynapenia without engaging in
the RT program. It is also important to note that for boys the
post-RT MVIC/BM (3.58 +0.59 N m kg™!) and 1-RM/BM
(1.84+0.39 kg kg™!) reached levels close to those reported
for physically active youth from similar age ranges in previ-
ous studies (Table 1), although these levels were much lower
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for girls (2.40+0.58 N m kg™! and 1.14+0.27 kg kg™'). No
sex comparisons were made in the present study because of
the relatively small sample size of boys and girls. Thus, the
comparison of neuromuscular adaptations to RT across sex
in sedentary children may be of interest in future studies to
explore whether different training strategies for boys and girls
are necessary to offset pediatric dynapenia.

The magnitude of the changes in some of the outcome
measures following the 12-week RT found in the present
study was also similar to that reported by previous training
studies in untrained older adults rather than young adults.
For instance, Alegre et al. (2006) found that ~22 year-old
healthy young adults (untrained in RT) increased squat 1-RM
by 8.2% and VL MT by 6.9% following 13 weeks (3 ses-
sions/week) of dynamic RT. Other studies in untrained adults
from similar age ranges also showed that quadriceps cross
sectional area (~8.8%) and knee extension MVIC (~13.5%)
increased following 14 weeks of heavy-RT (Aagaard et al.
2001), but that no changes in MQp, occurred following
short-term maximal isokinetic strength training (Ruas et al.
2018). In contrast, previous studies in untrained older men
and/or women (60-74 years) have shown that leg extension
1-RM increases ~38-44% following 12-week RT programs
(2 or 3 times/week) (Radaelli et al. 2013; Correa et al. 2016;
Kalapotharakos et al. 2005). Other studies have also shown
that the same time period/frequency of RT to the present
study increased leg press MVIC (~14-21%) (Radaelli et al.
2013; Caserotti et al. 2008), quadriceps MT (14%) and MQgy
(~20%), and decreased (i.e., indicating improvement) MQyg;
(~21%) (Radaelli et al. 2013). The similar magnitude of
improvements in many neuromuscular variables between the
children from the current study and older adults from previ-
ous studies following RT highlights the critical importance
of increasing muscle strength at these two distinct life stages.

In fact, Faigenbaum et al. (2018a, 2019), Faigenbaum
and MacDonald 2017) suggested that both older adults and
youth share in common risk factors related to sedentarism
and muscle weakness, and that both populations can be just
as vulnerable to the inevitable consequences of neuromus-
cular dysfunction and dynapenia. Thus, it is recommended
that both children and older adults should engage in regular
RT programs (Faigenbaum et al. 2023; Fragala et al. 2019).
In particular, RT can improve musculoskeletal, mental and
cardiometabolic health in youth, which in turn may lead to
improvements in muscular fitness and reduce risks of health
complications related to muscle disuse in this population
(Faigenbaum et al. 2023). Furthermore, well-designed RT
programs can improve neuromuscular functioning, muscular
strength and power in older adults, which can serve to coun-
teract age-related declines in muscle mass, bone density,
functional capacity, muscular function, cardiorespiratory fit-
ness and reduce the risk of chronic health conditions, falls
and fractures (Fragala et al. 2019).
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A closer look at the data points revealed that the par-
ticipants from the present study who had larger improve-
ments in MT, FFM and MQg; and MQgr were those who
had ~ 15-25% increases in MVIC torque, while the indi-
viduals who had the largest improvements in MVIC torque
(~30%) did not necessarily show large improvements in MT,
FFM, MQg; and MQgr variables (Fig. 5a—d). Additionally,
the individuals who showed the greatest improvements in
1-RM (~70%) did not show large improvements in MT, FFM
and MQg;. This might suggest that pubertal children do not
necessarily need to reach their maximal strength production
capacity after RT programs to elicit optimal muscle size,
lean mass and muscle quality.

It has been previously suggested that children are not
capable of fully activating their motor units to the same
extent as adults, in particular due to an inability to recruit
higher threshold motor units (Dotan et al. 2012). However,
it was not possible to detect differences in motor unit types
with the measures examined in the present study, and the
lack of changes in EMG activity (Fig. 2d) confirmed that
RT-derived muscle strength improvements in children may
have been more reflective from peripheral than central neu-
romuscular factors. Previous cross-sectional studies using
nerve stimulation measures (i.e., twitch interpolation tech-
nique) have shown that the level of voluntary activation (i.e.,
which indicates differential recruitment of motor units) is
lower in children (68 years old) than adults, but that these
differences become less evident when children are older than
10 years. In addition, greater individual variability occurs in
these measures due to differential maturity status (Ratel et al.
2015; Piponnier et al. 1985; Chalchat et al. 2019). Ramsay
et al. (1990) used nerve stimulation measures to examine
the mechanisms underlying strength gains in prepubertal
children who undertook RT for 20 weeks (3 times/week).
They found that children improved upper and lower limb
dynamic and isokinetic muscle strength after training, but
no significant changes in levels of voluntary activation were
observed. Therefore, follow-up training studies including
twitch interpolation technique combined with other neuro-
physiological measurements in youth are necessary to eluci-
date the mechanisms underpinning the strength gains found
in children following RT. These measures will also allow us
to improve our understanding on the reduced strength relative
to neuromuscular and body composition adaptations after RT
that occurred in some individuals as demonstrated in Fig. 5.

Several limitations in the present study should be men-
tioned. First, no neuromuscular or body composition meas-
urements were included at other time points of the 12-week
training period. The inclusion of additional time points might
be important to further monitor the time course of changes
leading to the body composition and neuromuscular adap-
tations in children over (and after the end of) the training
intervention. Future research may also be necessary to further

examine the effects of structured RT with longer durations
(> 12 weeks) and/or that adopt different training strategies
(e.g., fundamental integrative training) to enhance other fun-
damental physical variables in children such as power, speed
and agility. Second, we did not include a control group or
other groups of children with different age ranges/maturity
levels for comparison with the experimental group in the
present study due to difficulties in the recruitment process of
children of equivalent age and Tanner stage. The inclusion
of a control group would be important to completely isolate
the effects of the RT program from any other influence on
the participant’s development (e.g., maturation) during the
course of the study. Although caution was taken to compare
pre- to post-training changes in the tested variables by the use
of appropriate statistical models that reduce inter-individual
variability and eliminate confounding variables, it is still pos-
sible that the interpretation of our results could be affected by
individual variability of children in response to RT and/or the
specific maturation status of our sample. However, it is likely
that maturation had little effect on the results of the present
study since an additional analysis revealed that (i) no signifi-
cant changes in thigh-specific bone height measures (i.e., the
distance from the greater trochanter to the medial line of the
patella; Table 3), and (ii) no significant linear associations
were obtained between thigh-specific bone height measures
and changes in knee extensor strength (1-RM and MVIC
torque) from pre- to post-training (all p>0.059). Third, it
seems possible that responses to RT are different between
boys and girls, thus larger sample size for each sex is nec-
essary in the future studies. Furthermore, although most of
the measurements included in the present study have been
shown to be highly reliable in children by previous stud-
ies using similar settings as the ones from the present study
(dos Cunha et al. 2015; Stock et al. 2017; Margulies et al.
2005), it would be important to investigate the relative and
absolute reliability of the outcome measures particularly in
children with dynapenia. Finally, the present study included
many measurements contributing to the understanding of the
mechanisms underpinning strength adaptations following RT
in youth. Nonetheless, additional neurophysiological assess-
ments at the supraspinal and spinal levels could be required
to further explore strength improvements relative to neuro-
muscular and body composition adaptations.

In conclusion, the findings of the present study showed
that the 12-week RT was effective for increasing knee exten-
sion 1-RM and MVIC torque, which were associated with
improvements in total body FFM, and quadriceps MT, MQgy
and MQy; in untrained pubertal children. In particular, the
large improvements in MQ (using two commonly used
assessments) seem to indicate that children at risk of dynap-
enia may reduce intramuscular lipid infiltration in the skeletal
muscle and/or improve their ability to generate force relative
to lean mass after engaging in a RT program, which could
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potentially decrease risks of health complications and disor-
ders associated to this condition. Furthermore, it appears that
children do not need to reach their maximal strength produc-
tion capacity at the end of the training period to elicit maxi-
mal adaptations in muscle size and quality, and improve their
total body FFM. Therefore, the associated improvements in
overall strength, neuromuscular and body composition vari-
ables found in the present study indicate that the RT seems
to reduce the risk of pediatric dynapenia in pubertal children.
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