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INTRODUCTION

In youth team soccer, variations in the stage of maturation play an im-
portant role in body dimensions, body composition, body proportions and
sports performance. The combination of these variables during biological
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ABSTRACT

Objective: To analyze whether fat mass (FM) and fat-free mass (FFM) should be evaluated by chronologi-
cal age and/or biological age and propose curves to classify the body composition of young Chilean soccer
players. Methods: A cross-sectional descriptive study was developed. Six hundred and forty-two soccer players
between 13.0 and 18.9 years of age were recruited. Body mass, height, trunk-cephalic height, and tricipital
and subscapular skinfolds were evaluated. Biological maturation was determined using peak height velocity
age (PHV) and the percentage of fat mass was estimated by regression equations. The reference percentiles
were calculated using the LMS method. Results: The values of R? were lower for chronological age (FM =
0.07% and FFM = 0.13%) than for biological age (FM = 0.31% and FFM = 0.50%). Eleven percentiles (p3, p5,
p10, p15, p25, P50, P75, P85, P90, P95 and p97) were calculated for FFM and FM. Conclusion: Biological age
(PHV) is a better predictor of FFM and FM than chronological age. The references proposed can be used
to monitor the body composition of young Chilean soccer players. Level of Evidence II; Diagnostic Studly.

Keywords: Body composition; Youth; References values; Soccer.

RESUMO

Objetivo: Analisar se a massa gorda (MG) e a massa livre de gordura (MLG) devem ser avaliadas pela idade cronoldgica
e/ou pela idade bioldgica, e propor curvas para classificar a composicéo corporal de jovens futebolistas chilenos. Métodos:
Elaborou-se um estudo descritivo transversal. Foram recrutados 642 futebolistas entre 13,0e 18,9 anos. Massa corporal, estatura,
altura tronco-cefdlica, dobras cutaneas tricipital e subescapular foram medidas. A maturacdo biolégica foi determinada pela
idade de pico de velocidade de crescimento (IPVC) e o percentual de massa gorda foi estimado por equagdes de regressdo.
Os percentis de referéncia foram calculados pelo método LMS. Resultados: Os valores de R’ para idade cronoldgica foram
menores (MG = 0,07% e MLG=0,13%) em comparagédo com os valores para a idade bioldgica (MG = 0,31% e MLG = 0,50%).
Foram calculados 11 percentis (p3, p5, p10, p15, p25, p50, p75, p85, p90, p95 e p97) para a MLG e MG. Concluséo: A idade
biolégica (IPVC) é um preditor melhor da MLG e da MG do que a idade cronoldgica. As referéncias propostas podem servir
para monitorar a composicdo corporal de jovens futebolistas chilenos. Nivel de evidéncia lI; Estudo de diagndstico.

Descritores: Composicdo corporal; Jovens; Valores de referéncia; Futebol.

RESUMEN

Objetivo: Analizar sila masa grasa (MG) y la masa libre de grasa (MLG) deben ser evaluadas por la edad cronoldgica y/o
porla edad bioldgica, y proponer curvas para clasificar la composicién corporal de jévenes futbolistas chilenos. Métodos: Se
elabord un estudio descriptivo transversal. Fueron reclutados 642 futbolistas entre 13,0 y 18,9 afios. Fueron medidas masa
corporal, estatura, altura tronco-cefdlica, pliegues cutdneos tricipital y subescapular. La madurez bioldgica fue determinada por
laedad de pico de velocidad de crecimiento (EPVC) y el porcentual de masa grasa fue estimado por ecuaciones de regresion.
Los percentiles de referencia fueron calculados por el método LMS. Resultados: Los valores de R? para edad cronoldgica fueron
menores (MG=0,07% y MLG=0,13%) en comparacion con los valores para la edad bioldgica (MG=0,31% y MLG=0,50%).
Fueron calculados 11 percentiles (p3, p5, p10, p15, p25, p50, 075, p85, P90, P95 y p97) para la MLG y MG. Conclusién: La edad
bioldgica (EPVC) es un predictor mejor de la MLG y de la MG que la edad cronoldgica. Las referencias propuestas pueden servir
para monitorizar la composicién corporal de jévenes futbolistas chilenos. Nivel de evidencia Il; Estudio de diagnéstico.

Descriptores: Composicidn corporal; Jévenes; Valores de referencia; Fttbol.
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maturation combined with an advanced chronological age and their rela-
tionship with physical performance can be advantageous to young athletes.’

In this sense, clubs, sports associations, soccer academies and national
selections should introduce evaluation of biological maturation into their
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training programs. This indicator should be continually evaluated since
the chronology and intensity of puberty are specific to each adolescent
and can vary considerably among them.?

Several studies have shown that youths in advanced stages of bio-
logical maturation are able to perform a greater diversity of physical
and motor tasks."*4This implies variations in the body composition and
functional abilities among young athletes.

As a consequence, studying fat mass and fat-free mass in young
soccer players is important, considering that this information can be
highly useful in monitoring the planning and evaluation of training
programs, as well as the intake of nutrients over time® It can also be
used to identify young talents who are involved in sports programs’” and
to monitor changes in body composition from the effects of training
during the growth and development phase.

In general, given that body composition is important for sports
performance® the hypothesis of this study is that the variables fat mass
and fat-free mass should be analyzed according to the biological age and
not the chronological age. In addition, no study exists that classifies and
monitors the body composition of young athletes by means of reference
curves. This fact is important because it is well known that low levels of
fat mass and high levels of fat-free mass provide a good foundation for
the development of the locomotor activities and technical skills specific
to a particular sport.?

Therefore, the present study initially proposes verification of whether
fat mass and fat-free mass should be analyzed by chronological age and/
or by biological age, and then to propose curves to classify the body
composition of young Chilean soccer players.

METHODS

Type of study and sample

Adescriptive cross-sectional study was conducted. The sample selec-
tion was non-probabilistic. The players were recruited from two professional
clubs and ten under-12, under-14, under-16 and under-18 national selec-
tions (participants in a national championship). The sample considered
was made up of 642 soccer players between 13.0 and 18.9 years of age.

All the players selected for the study trained during the week (3-5
sessions). Each session was 90-120 minutes in duration. In addition, all
athletes competed once a week (Saturday). The athletes were distributed
by game position as follows: goalies (n=72), defense (n=240), midfielders
(n=220) and offense (n=110).

The presidents of each club and selection involved were invited to
assist in organizing the study. Subsequently, the parents were asked to
give their consent for conducting anthropometric evaluations by signing
the informed consent form (ICF) and the corresponding terms of assent
for the young soccer players. Throughout the study the participants were
informed that they could withdraw at any time. The study was appro-
ved by the Institutional Review Board of the Universidade Auténoma
do Chile-238-2015 and was developed in accordance with the ethical
principles for research in human beings of the Declaration of Helsinki.

Athletes who were not Chilean citizens and those with physical
injuries that would limit the anthropometric evaluations were excluded
from the study.

Techniques and procedures

The evaluations were conducted at club facilities and at the con-
centration center where the national soccer championship was held.
Anthropometric assessments were performed in a specific location
where the tools for this were installed. The evaluations were conducted
by three experienced evaluators, always in the morning (8amto 11.am)
from Monday to Friday before any type of physical activity.
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The technique described by Ross, Marfell-Jones'® was used to
evaluate five anthropometric variables. Body mass was assessed using
an electronic scale (Tanita, United Kingdom, Ltd), with a scale from
0-150 Kg and precision of 100 g. Height was measured according to
the Frankfurt plane using a portable stadiometer (Seca Gmbh & Co. KG,
Hamburg, Germany) with 0.1 mm precision. Trunk-cephalic height was
measured using the same stadiometer mentioned above and a bench
with a height of 50 cm. Tricipital and subscapular skinfolds (mm) were
measured with a skinfold compass (Harpendem UK, England) that exerts
a constant pressure of 10 g/mm?. The technical error of measurement
(TEM) fluctuated between 0.45 and 1.0%.

Biological maturation was determined by means of the age of peak
height velocity (PHV). The regression equation proposed by Mirwald et
al.'" for boys was used. The maturation intervals were organized in years
in relation to the PHV, for example -1 PHV, 0 PHV, 1 PHV, 2 PHV and 3 PHV.

The percentage of fat mass was calculated by the equation proposed
by Boileau et al.:'? Boys %F = 1.35(TR+SS) — 0.012 (TR+55)? - 4 4. Fat-free
mass and fat mass values were obtained through the estimated body
fat percentage and body mass.

Statistical Analysis

The normal distribution of the data was verified using the Kolmogo-
rov-Smirnov test. Descriptive analysis was performed (mean, standard
deviation and amplitude). The relationship between the variables was
determined using Pearson’s correlation coefficient. Multiple regression
(step wise) analysis was performed. A significance level of p<0.05 was
adopted. The analyses were performed in SPSS 16.0 for Windows. Smoo-
thed percentile curves were created for fat mass and fat-free mass based
on the LMS method,™ using LMS Chart Maker Pro version 2.3 program,
which calculated the following percentiles: p3, p5, p10, p15, p25, P50,
p75, p85, p90, p95 and p97.

RESULTS

The anthropometric and body composition variables can be seenin
Table 1.The peak height velocity age (PHV) of the soccer players studied
was 15.01£09 years.

The relationships between biological and chronological age and the
body composition of the soccer players are shown in Table 2. According
to the Pearson'’s correlation coefficient values, fat mass and non-fat mass
must be analyzed by biological age. The values (R>=13-50%) improved
substantially in both cases as compared to chronological age. In ge-
neral, the sum of the tricipital and subscapular skinfolds, as well as the
percentage of fat yielded very low R,

Table 1. Descriptive characteristics of the study sample.

Variables X SD Minimum | Maximum
Chronological Age (years) 165 15 129 200
PHV age (years) 15.1 1.0 13.18 18.80
Anthropometry
Body Mass (kg) 64.7 8.8 380 91.2
Height (cm) 170.6 7.1 1359 193.0
Trunk-Cephalic Height (cm) 89.1 42 741 101.5
Skinfolds
Tricipital (mm) 8.3 2.7 1.0 210
Subscapular (mm) 8.1 26 1.0 26.0
>(Tr+Ss) (mm) 164 45 70 410
Body Composition
Percentage of fat (%F) 14.0 47 -4.4 30.8
Fat Mass (kg) 92 39 34 28.1
Fat-free Mass (kg) 555 6.8 31.9 804

PHV: peak height velocity, Tr: Triceps, Ss: Subscapular, X: Mean, SD: standard deviation.
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The percentile values of fat mass and fat-free mass by biological
age can be seen in Table 3. In both cases, the median value increases
as the PHV age increases. Figure 1 shows the fat mass and fat-free mass
graphs of the young Chilean soccer players.

DISCUSSION

This study demonstrates that biological maturation (PHV age) is a good
indicator for evaluating the FM and FFM of young soccer players, while
the chronological age seems to have limited use for these compartments.

These data show that body composition is closely related to the pe-
riod of biological maturation in adolescents,™ so its use and application
to youth soccer players is essential.

Table 2. Values from the multiple linear regression between chronical and biological
ages and the body composition variables.

Chronological Age (years)| Biological Age (PHV)

Variables
R R? | SEE | P R R* | SEE | P
Skinfolds (mm)
Tricipital 0.0700.005 | 1.533]0.001 [ 0.028 | 0.004 | 1.082 | 0.001
Subscapular 0.20410.041{1.504|0.001 [ 0.241]0.058 [ 1.051 | 0.001

¥ Skinfolds (Tr +Ss)  [0.077 [0.006 | 1.53 |0.001 |0.123]0.015| 1.074 | 0.001

Percentage of fat (% F) [0.123{0.0151.529{0.001 [0.179]0.032 [ 1.076 | 0.001

Fat Mass (kg) 0.270]0.071 [ 1.480|0.001 | 0.362|0.131 | 1.020 | 0.001

Fat-free Mass (kg) 0.560{0.313 [ 1.277{0.001 [ 0.708 | 0.502 | 0.772 | 0.001

PHV: Age of Peak Height Velocity, Tr: Triceps, Ss: Subscapular, SEE: Standard Error of Estimate.

Regardless of the type of technique used, PHV ages serve to identify
different maturation periods of a group of athletes in the same age
group and/or training group and/or competitive category." This helps
to reduce favoritism in the selection of young soccer players solely by
chronological age.

Having obtained this information, it is possible to avoid favoring early
maturing players, favoritism that also discourages players who mature
later and/or who have possibilities for excellence in the future.'® Several
national studies'"® and other international ones'?" have demonstrated
the usefulness of biological maturation in young soccer players with
related variables, not only with body size and composition, but also with
aerobic power, muscle strength and speed, respectively.

The findings in this study may help professionals who work directly
with soccer or researchers who work with sports sciences. Using bio-
logical maturation determination methods (invasive and non-invasive)
can optimize and strengthen the structure of training programs, since
FM and FFM are significant variables that serve to identify the nutritional
state of children and adolescents? and can even prevent injuries.??

Consequently, once it determined that the PHV age is a better pre-
dictor of the body composition of young football players, this second
objective of this study was to propose curves to estimate the fat mass
and fat-free mass for the biological age (PHV age).

The curves developed can establish new guidelines or reinforce the
existing ones in sports clubs and organizations that work with young
soccer players and even act as a tool for professionals who work with

Table 3. Reference values for fat mass and fat-free mass of young soccer players by biological age.

POV | n | L | m | s P3 P5 P10 | P15 | P25 | pso | P75 | P85 | Poo | P95 | P97
Fat Mass (kg)
-] 54 | -024 | 612 | 032 35 37 4] 44 50 6.1 76 86 94 107 | 117
0 113 | 009 [ 735 | o035 39 42 47 51 58 74 93 106 | 116 | 133 [ 145
1 218 | 012 | 843 | 038 40 44 51 56 65 84 108 | 123 135 153 | 166
2 201 | 046 | 931 038 39 44 54 60 71 93 119 | 134 | 145 16.1 173
3 56 | 075 | 1048 | 035 42 49 60 68 81 105 131 145 155 170 | 180
Fat-Free Mass (kg)
-] 54 | 079 | 4426 | o1 364 | 373 | 386 | 396 | 411 443 | 478 | 500 | 515 | 540 | 557
0 113 | 051 | 5019 | 010 | 421 430 | 445 | 455 | 470 | s02 | 537 | 557 | sm 593 | 608
1 218 | 027 | s462 | 008 | 468 | 477 | 491 50.] 516 | 546 | 578 | 597 | 610 | 629 | e42
2 201 | 001 | 5802 | 008 [ 503 | s12 | s26 | 536 | ssi 580 | 61 628 | 640 | 658 | 670
3 56 | 030 | 6217 | 007 | s46 | 555 | 570 | 579 | 594 | 622 | 650 | 666 | 677 | 693 | 704

PHV: Age of Peak Height Velocity.

16

Name:
15
Age: P85
14 9
Evaluation:
3
12
1
S P50
= 10
a
o 9
€
w8
[
7
6 P10

-5 -1 05 0 05 1 15 2 25 3 35
Years to PHV

70
Name:
Age: P85
65 "9

Evaluation:
P50

60

P10
55

50

Fat-free mass (kg)

45

40

35

30
15 -1 05 0 0,5 1 15 2 25 3 35

Years to PHV

Figure 1. Curves of fat mass and fat-free mass of young soccer players by biological age (PHV age).
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youth soccer. In this way, trainers could focus more on the sports per-
formance of each athlete and less on body size.?*

This percentile-based classification system can assist traditional clas-
sification, since it can help to reduce injuries” and improve the issue of
classification of youths by strength and body composition characteristics,
even though there is no universal classification system that guarantees
equitable participation of young sportspeople in general.

All the references, whether national or international, are subject
to biases,?® however, it is useful in identifying the characteristics of
acceleration, normality and/or delay of growth and body composition.
For example, values between p15 and p85 could be related to normal
maturation and the values at the extreme limits classified as early or
late. Even so, there is a risk in applying the established limits critically,”
because more studies need to be conducted in order to point out how
to identify the cutoff points more accurately.

In general, the FM and FFM indicators are significant measures of the
nutritional state.” This means that a higher level of fat-free mass should
be interpreted as an important indicator of physical performance,? while
a higher level of fat mass tends to influence the physical performance
of athletes negatively.

Therefore, there is no doubt that both body compartments mentio-
ned above must be analyzed by biological age. However, many times
the athlete selection process, the analysis of their body composition,
and monitoring over time may vary among clubs and may depend on
the club policies, the level of information of the professionals and the
sports policies of the federations.?*

In summary, the potential of this study must be recognized. For exam-
ple, it is the first study conducted in the South American sphere and the
large size of the sample ensures its possible use, at least for Chilean soccer
players, even though the technique used to estimate the PHV ages may
include some bias for this sample of soccer players and the proposed
percentiles may not be specific for other sociocultural realities and contexts.

We conclude that biological age as defined by PHV is a better
predictor of FM and FFM than chronological age and the proposed
reference can be used to monitor the body composition of young
Chilean soccer players. The results suggest using it in clubs, selections
and federations that deal with youth soccer. The calculations can be
performed at http//www.reidebihu.net/body_composition_soccer.php.
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