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ABSTRACT

Body morphology, due to its simple applicability,
is used to help coaches make decisions during
the process of identifying and selecting talent in
sports. Objective: to analyze the discriminative
kinanthropometric patterns of young Brazilian
athletes in different sports. Materials and
Methods: We evaluated 83 young males (age:
13.1 + 2.4), 60 of whom were athletes (16-
soccer, 1l-tennis, 20-swimming, and 13-
rowing) and 23 non-athletes (Control group).
We evaluated the kinanthropometric profile by
dual-energy x-ray emission absorptiometry and
by anthropometry. Subsequently, through
algorithms programmed in “R” language, a
discriminant model was created based on the
circumference variables: biceps, hips, waist,
and leg; the bone diameters of the humerus and
femur, and the components of body
composition: total lean mass, total fat mass,
bone mineral density, bone mineral content,
triceps skinfold, and body adiposity index.
Results: Discriminant model was able to
discriminate  soccer athletes in  93.8%
(F:32.098; p=0.000), tennis athletes in 81.8%
(F:24.060; p=0.0004), rowing athletes in 80%
(F:28.031; p=0.0001), swimming at 100%
(F:41.899; p<0.000) and the control group at
91.3% (F:30.132; p<0.0001). In addition, the
high bone mineral density was important for the
discrimination of soccer athletes (p<0.001), the
low body adiposity index for the discrimination
of swimming athletes (p<0.001), and the high
levels of lean mass for the discrimination of
rowers (p<0.001). Conclusion: We conclude
that morphological patterns can be used safely,
helping to discriminate young athletes from
different sports; thus, one more tool to be used
in the processes of detection and guidance of
young people with talent in the sport.
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RESUMO

Fatores discriminadores do perfil
cinantropométrico de jovens atletas de
diferentes esportes

A morfologia corporal é utilizada para ajudar os
treinadores a tomar decisbes durante o
processo de identificacdo e sele¢éo de talentos
no esporte. Objetivo: analisar os padrdes
cinantropométricos discriminatorios de jovens
atletas brasileiros em diferentes esportes.
Materiais e Métodos: Avaliamos 83 jovens do
sexo masculino (idade: 13,1 £+ 2,4 anos), sendo
60 atletas (16-futebol, 11-ténis, 20-natagéo e
13-remo) e 23 néo-atletas. Avaliamos o perfil
cinantropomeétrico por absor¢éo de emisséo de
raios X de energia dupla e por antropometria.
Posteriormente, através de  algoritmos
programados em linguagem "R", criamos um
modelo discriminante baseado nas variaveis de
circunferéncia: biceps, quadril, cintura e perna;
os didmetros 6sseos do Umero e do fémur, e 0s
componentes da composicdo corporal: massa
magra total, massa gorda total, densidade
mineral éssea, contelldo mineral dsseo, dobra
cutdnea tricipital, e indice de adiposidade
corporal. Resultados: O modelo discriminante
foi capaz de discriminar atletas de futebol em
93,8% (F:32.098; p=0.000), atletas de ténis em
81,8% (F:24.060; p=0.0004), atletas de remo
em 80% (F:28.031; p=0.0001), natacdo em
100% (F:41.899; p<0.000) e nao-atletas em
91,3% (F:30.132; p<0.0001). A alta densidade
mineral 6ssea foi importante para a
discriminacéo dos atletas de futebol (p<0,001),
0 baixo indice de adiposidade corporal para a
discriminacdo dos atletas de natacdo
(p<0,001), e os altos niveis de massa magra
para a discriminag&o dos remadores (p<0,001).
Conclusdo: Os padrées morfolégicos podem
ser usados com seguranca, ajudando a
discriminar jovens atletas de diferentes
esportes.

Palavras-chave:  Antropometria.  Atletas.
Esporte. Sele¢do de Talentos.
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INTRODUCTION

Seeking to qualify the orientation and
selection of young athletes methods and
strategies have been added to the traditional
systematic analysis of the individual's
performance conditions and their relationship
with a particular sport to assist in an adequate
determination of a specific sport modality, such
as action seeks to elicit maximized performance
conditions (i.e., sports identity) (Pion et al.,
2020).

In this sense, observing specific
morphological characteristics of athletes in
sports has shown that it can help in
understanding the conditions of a possible
sporting talent (Pion et al., 2015; Shariat et al.,
2017).

Body morphology, as it is easy to apply,
is taken into account and is constantly used to
help coaches make decisions during the
process of identifying and selecting talent in
sport (Buekers et al., 2015; Zhao et al., 2019).

When combined with motor and
physiological characteristics, it is even more
capable of providing relevant data that benefits
the talent identification process (Pasa et al.,
2019; Buekers et al., 2015; Zhao et al., 2019;
Almeida-Neto et al., 2020a).

Regarding the specific characteristics
of sports, we can mention research on judo, for
example. It has been shown that judo athletes
have a larger chest circumference compared to
athletes from other sports, as well as volleyball
players have a larger dimension in certain body
segments: Achilles tendon length, body height,
and shoulder width (Pasa et al., 2019; Zhao et
al., 2019).

Although there is evidence regarding
the relevance of morphological characteristics
supporting this purpose, such processes must
occur through the use of multidimensional
strategies, taking into account not only
morphological factors of the athletes but also
physiological, motor, and psychological factors
(Pion et al., 2017).

However, due to its simple applicability,
body morphology is constantly used in isolation
to help coaches make decisions during the
process of identifying and selecting talent in
sports (Zhao et al., 2019; Almeida-Neto et al.,
2020a).

Despite this, evidence of the isolated
use of morphology to discriminate against
young athletes and assist the process of

identifying and mentoring talent is still uncertain
(Buekers et al., 2015; Zhao et al., 2019).

The present study aimed to analyze the
discriminating kinanthropometric patterns of
young Brazilian athletes in different sports,
highlighting the hypothesis that morphological
variables, when used, may be able to help to
discriminate the kinanthropometric profile of
young athletes in different sports.

MATERIALS AND METHODS
Participants

Observational cross-sectional study,
with a sample of 83 young males (age: 13.1 +
2.4) residing in the city of Natal, RN/Brazil; with
60 athletes (16 soccer athletes, 11 tennis
athletes, 20 swimming and 13 rowing athletes)
and 23 non-athletes who were part of the
control group.

The athletes who composed the sample
are part of sports teams and participate in
competitions at the national level, thus being
classified as level V athletes (in an increasing
scale from | to VI) characterized by Matsudo et
al., (1987).

The sample size was previously
estimated by the open source software
G*Power® (Version 3.1; Berlin, Germany),
based on previous studies (Hohmann et al.,
2018; Zhao et al., 2019). Thus, using the “F for
generic tests with commitment” statistic, an a =
0.05 and a B = 0.80 were adopted, allowing an
a posteriori sampling power of 0.87 for the
sample size used in the study. The inclusion
criterion for all participants was to be between
11 and 15 years old. Non-athlete participants
could not exercise for more than two days per
week in the last six months before the survey.

For participating athletes, the following
inclusion criteria were used: (i) Being an athlete
officially registered in a state sports federation.
(i) Have been ranked among the best athletes
of 2019 in their respective categories. (iii) Have
a weekly training load of more than three days.
Participants who had musculoskeletal injuries in
the last six months before the survey would be
excluded.

Ethics

The research was approved by the
Ethics and Research Committee of the Federal
University of Rio Grande do Norte - Brazil
(Opinion: 3.552.010) according to Resolution
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466/12 of the National Health Council, on
12/12/2012, strictly respecting the national and
international ethical principles contained in the
Declaration of Helsinki (Johannes, Van Delden
Van de Graaf, 2017).

It is worth mentioning that the study
complied with all the international requirements
and standards of the STROBE checklist for
observational studies of incidence and
prevalence (Von Elm et al., 2014).

Procedures

At first, the sample volunteers and their
respective guardians were instructed on the
details of the research.

After 24 hours, data were collected from
the kinanthropometric profiles, followed by the
analysis of body composition.

Figure. Study design.
A: Guidance on the benefits and risks of participating in the research. B: Anthropometric data collection.
C: Analysis of body composition on dual energy x-ray emission absorptiometry (DXA) equipment.

Anthropometry analysis

Anthropometric assessments were
performed according to the protocol of the
International Society of the Advancement of
Kinanthropometry (Karupaiah, 2018). Body
mass was measured using a digital scale with a
variation of 0.10 kg (FILIZOLA®; S&o Paulo,
Brazil).

Height was assessed using a
stadiometer with a precision of 0.01 cm
(SANNY®; Sao Paulo, Brazil).

Circumferences (biceps, waist, hips,
and legs) were measured with an
anthropometric tape (SANNY®; Séo Paulo,
Brazil). Bone diameters (humerus and femur)
were measured using a caliper (SANNY®; Séo

Paulo, Brazil). Triceps skinfold thickness was
measured using a scientific adipometer
(SANNY®; Séo Paulo, Brazil). For all
anthropometric procedures, a single evaluator
was responsible and all analyzes were
performed individually.

Body Composition Analysis

The adjusted body adiposity index
[BAI(ADJ)] was acquired by the mathematical
model developed by De Macedo Cesario et al.
(2021), which consists of analyzing the
percentage of adiposity index of young males
using the following formula:

BAl@oy) (%) = [(Hip (cm)) / (Stature (m) * VStature (m))] — 17.3
BAlapJ) = Adjusted body adiposity index. % = Percentage.

Total lean mass, total fat, and bone
mass were analyzed by dual energy x-ray
emission absorptiometry (DXA) equipment.
During the DXA analyses, algorithms
appropriate for the pediatric population were
used (Wasserman et al., 2017).

Participants were positioned in dorsal
decubitus on the DXA equipment and instructed
to remain in a static position throughout the
procedure (without causing discomfort to the
individual) (Wasserman et al., 2017; Macédo
Cesério et al., 2020).
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For all analyzes performed in the DXA,
a single evaluator was responsible and all
analyzes were performed individually.

Maturation analysis

Somatic maturation (years from
attainment of peak height velocity (PHV; termed
maturity offset) an assessment of maturity was
predicted from anthropometric measures
(Mirwald et al., 2002), using the following
equations:

Maturity offset in males =— 9.236 + [0.0002708 * (Leg Length* Trunk Height)] + [-0.001663 *
(Age* Leg length)] + [0.007216 * (Age* Trunk Height)] + [0.02292 * (Weight/ Height) * 100]

Age at PHV was calculated as age at
measurement - maturity offset. Three maturity
categories were identified: (i) Pre-PHV (Maturity
offset<-1); (ii) circum-PHV (Maturity offset =-1
and Maturity offset <+1); (iii) Post-PHV (Maturity
offset >+1).

Statistic
Data normality

The characterization of the sample was
exposed by descriptive statistics using mean
and standard deviation. Data normality was
verified by Shapiro-Wilk and Z-score tests for
asymmetry and kurtosis (-1.96 to 1.96).

Discriminant analyzes

Using algorithms in R language,
discriminant analyzes were performed with
canonical correlations and cross-validation
concerning the selection of young athletes and
non-athletes for their respective groups of origin
(soccer, tennis, swimming, rowing, and control)
using the variables of the kinanthropometric
profile (circumferences: biceps, hip, waist, and
leg; humerus and femur bone diameters, and
body composition components: total lean mass,
total fat mass, bone mineral density, bone
mineral content, skinfold triceps and BAlaby).
The origin group was used as a dependent
grouping variable, and the kinanthropometric
profile variables were used as a set of
independent variables.

Programming of Artificial Neural Networks

Artificial neural networks of the
multilayer perceptron type (MLP's) were
programmed to verify the importance of the
variables of the kinanthropometric profile
concerning the discrimination of each analyzed

group (soccer, tennis, swimming, rowing, and
control).

The MLP's were programmed with
backpropagation algorithms to adjust synaptic
weights. 70% of the sample was used for
training and 30% for testing MLP's in 10,000
execution epochs. For cross-validation, the
procedures were repeated ten consecutive
times, alternating the sample concerning the
training and tests of the MLP's (until all the data
passed through the training and tests), and the
average results of the repetitions were taken as
the final results (Haykin, 2001).

In all analyses, the kinanthropometric
profile variables (circumferences: biceps, hip,
waist, and leg; humerus and femur bone
diameters, and body composition components:
total lean mass, total fat mass, mineral density
bone, bone mineral content, triceps skinfold
thickness and BAI(ADJ) were used as a set of
independent variables and groups (soccer,
tennis, swimming, rowing, and control) as
group-dependent variables.

Mixed Analyzes

To prioritize which characteristics of the
kinanthropometric profile were more relevant for
a respective group (soccer, tennis, swimming,
rowing, and control) than the others,
discriminant analyzes were programmed
together with MLP's to identify the percentage
of importance of each variable individually. In
each analysis, data were grouped into two sets
that served as a dichotomous dependent
variable: (i) origin group (soccer, tennis,
swimming, rowing, and control); (i) all other
groups.

The technical error of anthropometric
measurements was analyzed as follows:
Acceptable < 1.0% (Perini et al., 2005). All
analyzes were performed using the Open
Source R statistical software (version 4.0.1; R
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Foundation for Statistical Computing®, Vienna,
Austria), with a significance level of p <0.05.

RESULTS

When segmenting the sample into
groups, it appears that the age range between
the subjects was similar; however, the
maturational stages (PHV) varied between the
groups, as shown in table 1. It is noteworthy
that, for all anthropometric variables, the
technical error of measurement was <1%.

132

Table 1 - Sample characterization.

Variables Football Tennis Rowing Swimming Control

Age (years) 135+1.25 126+152 13.7+1.20 13.1+1.62 129+ 2.24
Maturagao phv) -1.10+1.61 -0.52+1.53 1.78+1.44 0.91+1.59 -1.59+1.93
Stature (m) 160.8 + 162.2+£0.10 169.0+9.59 164.2+9.35 148.5 +

11.5 12.0

Weight () 522+115 504109 64.7 £ 15.0 53.3+11.6 40.0+114
Lean mass (kg 40.4+8.83 36.6+7.78 46.0 + 9.63 39.9+10.3 22.0+6.68
Fat mass (kg) 11.8+3.16 11.6+4.61 16.1 + 6.87 11.4+4.01 18.0 £ 5.33
BAIlabJ) %) 23.8+2.63 242+243 255+ 2.85 23.6 +3.92 25.2+3.99
Triceps skinfold 10.2+1.97 8.69+3.89 9.98 +4.01 8.33+2.86 10.0 £ 6.03
BMD (giem?) 1.74+0.23 1.47+0.35 1.20+0.15 1.16 + 0.50 0.93+0.24
BMC (g 2.67+0.46 2.28+0.55 2.55+0.52 2.38£0.99 1.37+0.48
Biceps Circumference (cm) 275+5.02 25.0+2.22 29.7£2.87 27.30+3.78 23.0+3.44
Hip Circumference cm) 83.9+9.00 85.6+6.61 94.1 £9.33 86.0 + 8.63 76.9+£10.2
Waist Circumference (m) 68.4+4.64 685566 73.4+£8.42 66.9 £ 6.76 63.3 £ 7.47
Leg circumference m) 322+3.04 33.3%+3.55 35.7+3.41 32.0+3.43 28.9+351
Humeral Bone Diameter cm) 6.10+0.36 6.27+0.46 6.58 +0.46 5.75+0.71 5.47 + 0.60
Femur Bone Diameter cm) 9.28+0.53 9.09+1.01 9.76 + 0.96 8.61 + 0.80 8.40 + 0.88

BAlby): Adjusted Body Adiposity Index. BMD: Bone Mineral Density. BMC: Bone Mineral Content.

Regarding the variables collected by
the present study, the set of strongest variables
to discriminate the participants to their
respective groups were the circumferences of
the biceps, hip, waist, and leg; the bone
diameters of the humerus and femur, and the
components of body composition: total lean
mass, total fat mass, bone mineral density,
bone mineral content, triceps skinfold and
BAlpJ).

This set was put together for analysis
and, after cross-validation, the discriminant
model proposed by the present study was able
to discriminate between soccer athletes in

93.8% (F:32.098; p=0.000), and tennis athletes
in 81.8% (F:24.060; p=0.0004), rowing at 80%
(F:28.031; p=0.0001), swimming at 100%
(F:41.899; p<0.000) and the control group at
91.3% (F:30.132; p<0.0001).

It should be noted that, in the analyses,
some subjects (from the soccer, tennis, rowing,
and control groups) were allocated to different
groups, which reduced the effectiveness of the
discriminant model between 6.2 and 20%.

Furthermore, no athletes were
allocated to the control group, which suggests
that the kinanthropometric profile of athletes
and non-athletes differed significantly.
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Figure. Discriminant analyzes based on the kinanthropometric profile.

Function 1: X-axis arithmetic function to discriminate groups based on the kinanthropometric profile.
Function 2: Y-axis arithmetic function to discriminate groups based on the kinanthropometric profile. 1:
Soccer. 2: Tennis. 3: Rowing. 4: Swimming. 5: Control group.

The most determinant variables to
discriminate athletes in soccer were high BMD
and BMC, in tennis were triceps skinfold with
lower values and median circumference of the
biceps, in rowing were a high concentration of

lean mass and hip circumference wider, in
swimming the low BAlpy) and low BMD and in
the control group the high amount of fat mass
and the narrow diameter of the femur.

Table. Mixed analyzes for the kinanthropometric profile discriminating factors and their importance to

discriminate each group.

Groups Main Discriminating % Importance (MLP’s) F p

Factors

Factor 1 Factor 2  Factor 1 Factor 2 Factor 1 Factor2 = ------
Soccer BMD BMC 76.9% 72.2% 16.9 15.8 0.00
Tennis TS BC 55.0% 68.1% 9.75 10.3 0.00
Rowing LM HC 93.4% 65.7% 20.5 8.73 0.00
Swimming BAlby) BMD 95.2% 88.0% 23.7 20.1 0.00
Control FM FD 98.2% 80.3% 19.2 15.6 0.00

MLP’s: Multilayer perceptron artificial neural networks. BMD: Bone Mineral Density. BMC: Bone Mineral
Content. TS: Triceps Skinfold. BC: Biceps Circumference. HC: Hip Circumference. LM: Lean Mass. FM:
Fat Mass. BAlby): Adjusted body adiposity index. FD: Femur Diameter.

DISCUSSION

The study aimed to analyze the
discriminant kinanthropometric patterns of
young Brazilian athletes. Thus, the main results
showed that the kinanthropometric
characteristics were able to discriminate soccer,
tennis, rowing, and swimming athletes in more
than 80% of the cases.

Thus, the initial hypothesis of the
present study that morphological variables,

when used, could help to discriminate young
athletes from different sports was confirmed.

In this sense, it was found that
swimmers have low body adiposity and bone
mineral density lower than the other athletes.

This point can be justified because
swimming is a sport that does not impact the
joints, which ends up promoting a low stimulus
for the accumulation of bone mineral density
and; consequently, bone mineral content
(Gomez-Bruton et al., 2016).
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Piezoelectricity (i.e., electricity
generated in the bone by biomechanical
pressure) generated by the impact of strides
during sports that require running is known to
promote the accumulation of bone mineral
density and the increase of bone mineral
content (Piasecki et al., 2018).

Concerning the low adiposity index, it
can be justified by the aerobic demand of
swimming training, which promotes a greater
degradation of body fat. On the other hand, the
biomechanical effort produced against the
resistance of the water contributes to the
predominance of lean body mass in swimmers
of both sexes (Moraes et al., 2016; Thng et al.,
2021).

In this way, it is suggested that the
demands of sports tend to promote a natural
selection of their practitioners, where individuals
with favorable characteristics tend to remain in
the sports modalities which stand out due to
their kinanthropometric profile (Buekers et al.,
2015; Zhao et al., 2019; Pion et al., 2020).

However, sports practice also promotes
morphological adaptations that can uniquely
characterize the kinanthropometric profile of its
practitioners (Maly et al., 2019).

The study identified that soccer players
were discriminated against for pointing out
superiority in bone density and mineral content.
It is known that in soccer, athletes constantly
perform sprint activities, which, as mentioned
earlier, favors the impact on the skeletal system
and, consequently, promotes the accumulation
of bone density and mineral content (Hagman
al., 2018).

In this sense, elite tennis players point
to a rectilinear kinanthropometric profile, with a
wide wingspan and a narrow torso (Sanchez-
Mufioz et al., 2007; Rakovi¢, et al., 2015;
Pradas et al., 2021).

This fact corroborates the present
study, in which tennis players were
discriminated by low triceps skinfold and
median circumference of the biceps brachii.
This can be justified because racket modalities
require the constant use of blows from the
upper limbs (Lees, 2004, 2008).

Suggesting that this demand for strokes
with the racket can promote a reduction of local
fat in the upper limbs, which can promote a low
triceps fold, culminating in a median biceps
circumference.

Concerning rowers, the present study
discriminated the athletes from the others due
to the high concentration of lean mass. Rowing

is a hardening sport for long distances (i.e.,
between 1,000-m and 6,000-m) (Volianitis et al.,
2020).

Thus, to move the boats, rowing
athletes need to overcome the resistance of the
water, which in the long term promotes
morphological adaptations to increase lean
mass in the trunk and upper limbs (Li et al.,
2007; Giroux et al., 2017).

Almeida-Neto et al., (2020a) found that
young rowing athletes of both sexes had
superior lean mass and, therefore, muscle
strength when compared to young athletes in
tennis, soccer, Brazilian jiu-jitsu, volleyball, and
swimming.

Generally, rowers have hips that are
narrower than their shoulders, demonstrating a
funnel-shaped kinanthropometric profile
(Adhikari, McNeely, 2015; Guerefio et al.,
2018).

However, concerning the other
athletes analyzed, the present study indicated
that the rowers had superiority in the hip
circumference.

We emphasize that this fact may have
occurred due to the group of rowers indicating
higher somatic maturation than the other
groups, being in the post-PHV (post-pubertal)
stage. Individuals in advanced maturation
stages have advantages in terms of body size
when compared to their peers in delayed or
synchronized maturation stages (Mirwald et al.,
2002; Almeida-Neto et al., 2020a).

In this sense, the present study may
have identified the wide hips of young rowers
due to the maturational difference from other
athletes.

Given the present discussion, it is
highlighted the fact that it is possible to
discriminate young athletes from different
sports with the help of variables of the
kinanthropometric profile.

However, caution is suggested,
especially because the present study has the
limitation of not having carried out a longitudinal
follow-up of the athletes, which makes it
impossible  to  highlight  whether  the
morphological characteristics are unique to
individuals or whether they are structural
adaptations caused by sports practice.

CONCLUSION
The results of the study allow us to

conclude that morphological patterns can be
used safely, helping to discriminate young
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athletes from different sports; thus, another tool
to be used in the processes of detection and
guidance of young people with talent in sports,
taking into account that the variables should not
be observed in isolation during the process. It is
also possible to observe specific characteristics
in the different modalities that should have due
attention with regard to morphological patterns;
the high bone mineral density is important for
the discrimination of soccer athletes, the low
body adiposity index for the discrimination of
swimming athletes and the high levels of lean
mass for the discrimination of rowers.

ACKNOWLEDGMENTS

For your support and encouragement
for the development of this academic article, we
thank the Federal University of Rio Grande do
Norte (UFRN), the Physical Activity and Health
(AFISA) research base, the Child and
Adolescent Maturation Research  Group
(GEPMAC). The National Council for Scientific
Development (CNPQ) and the Higher
Education Personnel Improvement
Coordination (CAPES).

Funding: This research received no external
funding.

CONFLICTS OF INTEREST

The authors declare no conflict of
interest.

REFERENCES

1-Almeida-Neto, P.F.; Matos, D.G.; Baxter-
Jones A.D.G.; Batista G.R.; Pinto, V.C.M,;
Dantas M.; Aidar, F.J.; Dantas P.M.S.; Cabral,
B.G.AT. The effectiveness of biological
maturation and lean mass in relation to muscle
strength performance in elite young athletes.
Sustainability. Vol. 12. Num. 17. 2020a.
6696.Doi: 10.3390/su12176696

2-Adhikari, A.; McNeely, E. Anthropometric
characteristic, somatotype and body
composition of Canadian female rowers. Am J
Sports Sci. Vol. 3. Nim. 3. p. 61. 2015. Doi:
10.11648/j.ajss.20150303.15

3-Buekers, M.; Borry, P.; Rowe, P. Talent in
sports. Some reflections about the search for
future champions. Mov. Sport Sci. Vol. 88. p.3-

12. 2015. DOI:
https://doi.org/10.1051/sm/2014002

4-Giroux, C.; Maciejewski, H.; Ben-
Abdessamie, A.; Chorin, F.; Lardy, J.; Ratel, S.;
Rahmani, A. Relationship between force-
velocity profiles and 1,500-m ergometer
performance in young rowers. International
journal of sports medicine. Vol. 38. NUm. 13. p.
992-1000. 2017. Doi: 10.1055 / s-0043-117608

5-Guerefio, P. L.; Otegui, A. U.; Zourdos, M. C.;
Ayuso, J. M. (2018). Anthropometric profile,
body composition and somatotype in elite
traditional rowers: A cross-sectional study.
Revista espafiola de nutricion humana y
dietética. Vol. 22. Num. 4. p. 279-286. 2018.
Doi: 10.14306/renhyd.22.4.605

6-Gomez-Bruton, A.; Montero-Marin, J.;
Gonzéalez-Agiero, A.; Garcia-Campayo, J.;
Moreno, L. A.; Casajus, J. A.; Vicente-
Rodriguez, G. The effect of swimming during
childhood and adolescence on bone mineral
density: a systematic review and meta-analysis.
Sports Medicine. Vol. 46. Num. 3. p. 365-379.
2016. Doi: 10.1007/s40279-015-0427-3.

7-Haykin, S. Neural networks. Principles and
practice 22 edicdo. Bookman. 2001.

8-Hagman, M.; Helge, E. W.; Hornstrup, T.;
Fristrup, B.; Nielsen, J. J.; Jgrgensen, N. R.;
Krustrup, P. Bone mineral density in lifelong
trained male football players compared with
young and elderly untrained men. Journal of
sport and health science. Vol. 7. NUm. 2. p. 159-
168. 2018. Doi: 10.1016/j.jshs.2017.09.009

9-Hohmann, A.; Neumann, T.; Frankel, J.
Prognostic validity of swim-specific
performance prerequistes in elite crawl sprint.
2018.

10-Johannes, J.; Van Delden van der Graaf, R.
Revised CIOMS international ethical guidelines
for health-related research involving humans.
Jama. Vol. 317. Nim. 2. p. 135-136. 2017. Doi:
10.1001/jama.2016.18977

11-Karupaiah, T. Limited (ISAK) profiling the
International Society for the Advancement of
Kinanthropometry (ISAK). Journal of Renal
Nutrition and Metabolism. Vol. 3. Nim. 1. p. 11-
11. 2018.

Revista Brasileira de Prescricdo e Fisiologia do Exercicio

S&o0 Paulo, v. 17. n. 108. p.128-137. Mar¢co/Abril. 2023. ISSN 1981-9900 Versdo Eletrénica

www.rbpfex.com.br

135


about:blank

RBPFEX

Revista Brasileira de Prescricao e Fisiologia do Exercicio

12-Lees, A. Biomechanics of racket sports:
Developments and current status. In Science
and racket sports IV. p. 121-127. 2008.

13-Lees, A. An overview of the application of
biomechanics to racket sports. In Science and
Racket Sports Ill: The Proceedings of the
Eighth International Table Tennis Federation
Sports Science Congress and The Third World
Congress of Science and Racket Sports. p. 104.
2004.

14-Li, C. F.; Ho, W. H.; Lin, H. M. Strength curve
characteristics of rowing performance from the
water and the land. Journal of Biomechanics.
Vol. 40. p. S770. 2007.

15-Matsudo, V. K.; Rivet, R. E.; Pereira, M. H.
Standard score assessment on physique and
performance of Brazilian athletes in a six tiered
competitive sports model. Journal of sports
sciences. Vol. 5. Nium. 1. p. 49-53. 1987.
D0i:10.1080/02640418708729763

16-Macédo Cesario, T.; Almeida-Neto, P. F.;
Matos, D. G.; Wells, J.; Aidar, F. J.; Aradjo
Tinbco Cabral, B. G. Evaluation of the body
adiposity index against dual-energy X-ray
absorptiometry for assessing body composition
in children and adolescents. American Journal
of Human Biology. 2020. e23503. Doi:
10.1002/ajhb.23503.

17-Maly, T.; Mala, L.; Bujnovsky, D.; Hank, M.;
Zahalka, F. Morphological and isokinetic
strength differences: bilateral and ipsilateral
variation by different sport activity. Open
Medicine. Vol. 14. Nam. 1. p. 207-216. 2019.

18-Moraes, R. C. M.; S4, N. A. R.; Neto, V. M.
S.; Martins, M. C. C.; Portari, G. V.; Ceccatto, V.
M.; Ferraz, A. S. M. Experimental training by
swimming or running: influence of body
composition in aerobic performance in a
ovariectomised model of obesity. Comparative
Exercise Physiology. Vol. 12. Nim. 3. p. 151-
156. 2016. Doi: 10.3920/CEP160006

19-Mirwald, R. L.; Baxter-Jones, A. D.; Bailey,
D. A.; Beunen, G. P. An assessment of maturity
from anthropometric measurements. Medicine
& Science in Sports & Exercise. Vol. 34. Nam.
4. p. 689-694. 2002.

20-Pasa, Y. C.; Vukasevic, V.; Masanovic, B.
Differences in anthropometric characteristics

among junior basketball and volleyball players.
Journal of Anthropology of Sport and Physical
Education. Vol. 3. Nam. 1. p. 35-39. 2019.

21-Perini, T. A.; Lameira de Oliveira, G.; Santos
Ornellas, J.; Palha de Oliveira, F. Technical
error of measurement in anthropometry.
Revista Brasileira de Medicina do Esporte. Vol.
11. p. 86-90. 2005.

22-Piasecki, J.; McPhee, J. S.; Hannam, K;
Deere, K. C.; Elhakeem, A.; Piasecki, M.
Ireland, A. Hip and spine bone mineral density
are greater in master sprinters, but not
endurance runners compared with non-athletic
controls. Archives of osteoporosis. Vol. 13.
NGm. 1. p. 1-9. 2018. Doi: 10.1007/s11657-018-
0486-9

23-Pion, J.; Hohmann, A.; Liu, T.; Lenoir, M;
Segers, V. Predictive models reduce talent
development costs in female gymnastics.
Journal of sports sciences. Vol. 35. Nam. 8. p.
806-811. 2017. Doi:
10.1080/02640414.2016.1192669

24-Pion, J.; Segers, V.; Fransen, J.; Debuyck,
G.; Deprez, D.; Haerens, L.; Lenoir, M. Generic
anthropometric and performance
characteristics among elite adolescent boys in
nine different sports. European journal of sport
science. Vol. 15. Nim. 5. p. 357-366. 2015. Doi:
10.1080/17461391.2014.944875

25-Pion, J.; Teunissen, J.W.; Ter Welle, S.;
Spruytenburg, G.; Faber, L.R.; Lenoir, M.
Chapter Xlll: How similarities and differences
between sports lead to talent transfer: A
process approach. In: J. Baker; S. Cobley; J.
Schorer. Talent Identification. 2020.

26-Pradas, F.; De la Torre, A.; Carrasco, L.;
Mufioz, D.; Courel-Ibafiez, J.; Gonzéalez-Jurado,
J. A. Anthropometric Profiles in Table Tennis
Players: Analysis of Sex, Age, and Ranking.
Applied Sciences. Vol. 11. NOm. 2. p. 876.
2021. Doi: 10.3390/app11020876

27-Rakovi¢, A.; Savanovi¢, V.; Stankovi¢, D.;
Pavlovi¢, R.; Simeonov, A.; Petkovi¢, E.
Analysis of the elite athletes’ somatotypes. Acta
Kinesiologica. Vol. 9. Num. 1. p. 47-53. 2015.

28-Sanchez-Mufioz, C.; Sanz, D.; Zabala, M.
Anthropometric characteristics, body
composition and somatotype of elite junior

Revista Brasileira de Prescricdo e Fisiologia do Exercicio

S&o0 Paulo, v. 17. n. 108. p.128-137. Mar¢co/Abril. 2023. ISSN 1981-9900 Versdo Eletrénica

www.rbpfex.com.br

136



RBPFEX

Revista Brasileira de Prescricao e Fisiologia do Exercicio

tennis players. British journal of sports
medicine. Vol. 41. NUm. 11. p. 793-799. 2007.
Doi: 10.1136/bjsm.2007.037119

29-Shariat, A.; Shaw, B. S.; Kargarfard, M.;
Shaw, I.; Lam, E. T. C. Kinanthropometric
attributes of elite male judo, karate and
taekwondo athletes. Revista Brasileira de
Medicina do Esporte. Vol. 23. Nam. 4. p. 260-
263. 2017.

30-Thng, S.; Pearson, S.; Rathbone, E.; Keogh,
J. W. Longitudinal tracking of body composition,
lower limb force-time characteristics and
swimming start performance in  high
performance swimmers. International Journal of
Sports Science & Coaching. 2021. Doi:
10.1177/17479541211021401

31-Volianitis, S.; Yoshiga, C. C.; Secher, N. H.
The physiology of rowing with perspective on
training and health. European Journal of
Applied Physiology. p.1-21. 2020. Doi:
10.1007/s00421-020-04429-y

32-Von Elm, E.; Altman, D. G.; Egger, M.;
Pocock, S. J.; Ggtzsche, P. C.; Vandenbroucke,
J. P.; Strobe Initiative. The Strengthening the
Reporting of Observational Studies in
Epidemiology (STROBE) Statement: guidelines
for reporting observational studies. International
journal of surgery. Vol. 12. Nam. 12. p. 1495-
1499. 2014. Doi: 10.1016/}.ijsu.2014.07.013

33-Zhao, K.; Hohmann, A.; Chang, Y.; Zhang,
B.; Pion, J.; Gao, B. Physiological,
anthropometric, and motor characteristics of
elite Chinese youth athletes from six different
sports. Frontiers in physiology. Vol. 10. p.405.
2019. D0i:10.3389/fphys.2019.00405

34-Wasserman, H.; O'Donnell, J. M.; Gordon,
C. M. Use of dual energy X-ray absorptiometry
in pediatric patients. Bone. Vol. 104. p.84-90.
2017.

Correspondent Author:

Tatianny de Macédo Cesério.
tatiannymc@gmail.com
gepmac.afisa@gmail.com

Avenue Senador Salgado Filho, n° 3000.
Central Campus, Lagoa Nova, Natal, RN,
Brazil.

Postal Code: 59.078.970.

Phone: +55 (84) 986401111.

Recebido para publicacdo em 16/12/2022
Aceito em 26/02/2023

Revista Brasileira de Prescricdo e Fisiologia do Exercicio

S&o0 Paulo, v. 17. n. 108. p.128-137. Mar¢co/Abril. 2023. ISSN 1981-9900 Versdo Eletrénica

www.rbpfex.com.br

137


about:blank

