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Abstract

Objectives: The objective of the study was to verify whether (FFM), maturity status (MS) and

chronological age (CA) are determinants of physical fitness performance, and to analyze FFM and

physical performance aligned by CA and MS in children and adolescents.

Methods: A descriptive correlational study was carried out in 863 schoolchildren. Weight,

height, and waist circumference (WC) were evaluated. Body mass index (BMI), FFM, fat mass

(FM), MS (Age at peak height velocity, APHV) were calculated. The physical tests of velocity

20 m, agility 5 m x 10rep, and horizontal jump (HJ) were evaluated.

Results: The APHV was estimated in boys at 14.0 § 0.36APHV and in girls at 11.96 § 0.49APHV.

The relationships between CA and APHV with FFM was r = 0.80 in boys and r = 0.44 to 0.45 in girls.

The relationships between FFM and physical tests in boys were [HJ (r = 0.70), agility 5m x 10rep

(r = -0.68), velocity (r = -0.61)] and in girls [HJ (r = 0.42), agility 5m x 10rep (r = -0.52), velocity

(r = -0.20)]. The differences in FFM and physical fitness tests were more pronounced when

aligned by APHV than by CA.

Conclusion: It was verified that both FFM, CA, and APHVare determinants of physical fitness per-

formance. In addition, the APHV should be introduced in physical education as a means of rank-

ing physical performance among schoolchildren.
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Introduction

Body composition (BC) is indispensable for understanding
the effects of diet, physical exercise, disease, and physical
growth, among other environmental factors on the human
organism.1 In fact, the absolute and relative components of
body mass are a major focus in BC studies, as they change
during growth and biological maturation, so care is required
when selecting assessment methods for children and
adolescents.2

In general, BC body compartments are determined by
laboratory and field methods. They are considered useful
tools to assess both children and adolescents at different
stages of growth and maturation.3

From an anthropometric perspective, the fractionation of
fat mass (FM) and fat-free mass (FFM) is often used. For
example, fat mass provides important information on body
fat gain and is associated with increased risk for diseases
such as obesity, cardiovascular disease, type 2 diabetes, and
hypertension, among others,4,5 while FFM plays an impor-
tant role in physical performance,6 posture maintenance
and body movement in adults, children and adolescents.7

Consequently, it is widely known that the proportions of
the body compartments (FM and FFM) change during growth
and development. Consequently, these components can be
determinant when analyzing the physical fitness of children
and adolescents.

In this context, physical fitness has been recognized as a key
determinant of healthy lifestyles.8 For example, muscular
strength and more global muscular fitness have important
implications in daily life and are essential for performing activ-
ities of daily living.9 So too, agility and velocity are fitness
qualities that are related to a range of diverse sports10,11 and
are necessary for an individual to successfully demonstrate a
variety of basic motor skills and movement patterns.12

Consequently, within the scope of school physical educa-
tion, physical qualities such as horizontal jumping, agility,
and velocity are generally developed in the learning con-
tents according to age and sex. The development of these
contents includes common activities such as running, jump-
ing, and throwing, which are performed daily through
play.13 Furthermore, physical performance is conditioned
not only by the levels of physical activity,14 but also by the
level of maturation of children and adolescents, since the
intensity and duration of puberty are specific to each indi-
vidual and can vary considerably between individuals.15

From this perspective, based on the fact that changes in
somatic growth and maturation occur during childhood and
adolescence, it is possible that FFM levels and maturity sta-
tus (MS) could be determinants when analyzing physical per-
formance in schoolchildren.

Therefore, the aim of the study was to verify whether
FFM, MS (APHV), and CA are determinants of physical fitness
performance (horizontal jump, velocity, and agility) and
additionally FFM and physical performance aligned by CA
and maturity status in Chilean children and adolescents will
be analyzed

Materials and methods

Type of study and sample

A descriptive (cross-sectional) study was carried out on school-
children aged 6 to 17.9 years attending public schools in the city
of Talca (Chile). The commune of Talca has 31 schools in the
urban area, with a population of 16,202 students, 8,035 boys
and 8,167 girls. The selection of the study sample was probabi-
listic (random). The sample size corresponds to 10.7% of the
population, being [500 men (6.2%) and 363 women (4.5%)]. The
sample by strata (age ranges) presents a balanced size in both
sexes, e.g., boys [6-7 years (n = 38), 8-9 years (n = 61), 10-
11 years (n = 63), 12-13 years (n = 30), 14-15 years (n = 62) and
16-17 years (n = 91)] and girls [6-7 years (n = 55), 8-9 years (n =

57), 10-11 years (n = 62), 12-13 years (n = 40), 14-15 years (n =

31) and 16-17 years (n = 48)].
All parents and guardians were informed to participate in

the study by letter. The schoolchildren and parents received
information about the project objectives at a meeting
(statement of objectives).

The parents who agreed to participate in the study signed
the consent form and the children signed the informed con-
sent form.

The protocols used for measuring anthropometry and
physical tests were performed according to the suggestions
described by the ethics committee of the Universidad
Cat�olica del Maule and the Declaration of Helsinki (World
Medical Association) for human beings. The study was
approved by the ethics committee (opinion no. 100-2019).

Techniques and procedures

The ages and dates of birth were requested from each
school's administration. They were extracted from the
enrollment forms. With this information, the decimal age of
each student was calculated.

The anthropometric and physical fitness evaluations were
collected at the facilities of each school during school hours
from 8:30 am to 12:30 pm and from 2:30 pm to 6:00 pm from
Monday to Friday during themonths of August to October 2019.

Anthropometric measurements were evaluated according to
the protocol described by Ross and Marfell-Jones.16 Bodyweight
(kg) was assessed without shoes, wearing a T-shirt and shorts,
using an electronic scale (Tanita, United Kingdom, Ltd.) with a
range of 0�150 kg and an accuracy of 100 g. Standing height
was measured without shoes, according to the Frankfurt plan
using a portable stadiometer (Seca Gmbh & Co. KG, Hamburg,
Germany) with an accuracy of 0.1 mm. Waist circumference
(WC) (cm) was measured using a metal tape measure, Seca
brand, graduated in millimeters with an accuracy of 0.1 cm. To
ensure the reliability of the anthropometric measurements,
they were measured twice (retested). The technical measure-
ment error (TEM) ranged from 1.0 to 1.4%.

Maturity status was calculated by means of a non-invasive
anthropometric technique proposed by Moore et al.17 For pre-
diction, an equationwas used for each sex,where CA and height
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are required. The equations deliver information related to peak
years of growth velocity (APHV), according to levels, for exam-
ple: -6, -5, -4, -3, -2, -2, -1, 0, 0, +1, +1, +2, +3, +4, +5APHV.
Zero (0) means the time of the PHV, negative values mean the
years remaining to reach the PHV and positive values, are the
years passed from the PHV. The equations used are:

Girls : Maturity status : APHV yearsð Þ

¼ � 7:709133 þ ½ 0:0042232 x CA x heightð Þð �:

Boys : Maturity status : APHV yearsð Þ

¼ � 7:999994 þ ½ 0:0036124 x CA x heightð Þð �:

Body composition was estimated by anthropometric
equations. Two body components were calculated (fat mass
and fat-free mass).

The FFM mass was determined by means of an anthropo-
metric equation proposed by Cossio-Bola~nos et al. 18 using
variables such as age, weight and height. The equations
used are:

Boys : FFM ¼ � 28:669 þ 0:887 � Age þ 0:298

� Weight þ 0:255 � Height:

Girls : FFM ¼ � 16:264 þ 0:182 � Age þ 0:302

� Weight þ 0:198 � Height:

Fat mass FMð Þ was deduced from : FM

¼ Body weight � FFM; and the %FM from : %FM

¼ FM � 100ð Þ = Body weight:

The physical fitness tests were evaluated in the facilities of
each school (gymnasium). The evaluation procedures for each

physical test were explained to the students. Everyone per-
formed a warm-up of 10 to 15 min to warm up. Then the
physical tests were evaluated in the following order: Horizon-
tal jump (HJ), Velocity 20 m (V20 m), and agility (10 £ 5 m).

The horizontal jump test (cm) evaluates the explosive
strength of the lower extremities.19 It was performed three
times and the longest distance was recorded. The 20 m
velocity test was evaluated with a high start. A Casio � digi-
tal stopwatch (1/100S) was used, following the procedures
of Grosser and Starischka.20 For the 5m x10rep agility test,
two lines (5 m apart) were marked as described by Verschu-
ren et al. 21 The subject should run at maximum velocity
from one side to the other, repeating 10 times without stop-
ping (covering 50 m in total). The time taken to perform the
10 repetitions (sec) was controlled. The best time of the two
repetitions was recorded.

To control the quality of the measurements, the TEM was
calculated, the results of which yielded values between 1.5
and 2.2%. In all cases highly acceptable.

Statistics

The normality of the data was verified by means of the Kolmo-
gorov-Smirnov test. Descriptive statistics (mean, standard devi-
ation, and range) were calculated. Comparisons between both
sexes were performed by means of a t-test for independent
samples. Relationships between variableswere performed using
Pearson's test. Comparisons between ages and APHV were per-
formed by means of Ancova and Tukey's test of specificity. The
coefficient of determination r2 and standard error of estimation
(SEE) were calculated. In all calculations, p < 0.05 was consid-
ered. Statistical analysis was performed in SPSS 18.0.

Results

The anthropometric characteristics, physical performance,
and body composition of the sample studied are shown in
Table 1. There were no differences in FM between both

Table 1. Anthropometric profile, body composition and physical performance of the sample studied.

Variables Boys (n = 500) Girls (n = 363) t p

Mean SD Mean SD

Age (years) 12.96 3.91 11.55 3.67 5.37 0.000

MS (APHV) 14.00 0.36 11.96 0.49 17.13 0.000

Anthropometry

Weight (kg) 54.03 20.48 44.9 16.84 6.95 0.000

Height (cm) 153.72 18.7 143.88 15.68 8.16 0.000

WC (cm) 73.4 12.88 69.54 11.29 4.57 0.000

BMI (kg/m2) 22.03 4.77 20.92 4.71 3.38 0.001

Body composition

Fat mass (kg) 15.9 8.96 17.01 8.82 �1.81 0.071

FFM (kg) 38.12 13.55 27.88 8.46 12.71 0.000

Physical fitness

Agility (sec) 20.12 3.9 23.02 4.09 �10.58 0.000

Velocity 10m (sec) 4.28 0.78 4.59 0.79 �5.69 0.000

Horizontal jump (cm) 146.26 40.87 109.97 23.11 15.21 0.000

t, Student's t-value, MS, maturity stage, APHV, peak growth velocity years, WC, waist circumference, BMI, body mass index, FFM, fat-free

mass, FFM, fat-free mass.
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sexes (p = 0.071), while boys showed higher CA, APHV,
weight, height BMI, FFM, and HJ in relation to girls
(p < 0.001). In addition, boys were more agile and faster
than their counterparts (p < 0.001).

The relationships between the physical fitness tests with
FFM, APHV, and CA are observed in Table 2. The three physi-
cal tests were related to CA, APHV, and FFM. In boys, the
coefficients of determination (r2) ranged for HJ from 48 to
63%, agility from 47 to 56% and velocity from 37 to 49%. In
girls, the coefficients of determination were relatively
lower. In HJ they ranged from 18 to 21%, in agility from 27 to
39%, and in velocity from 0.03 to 0.04%.

Fig. 1 shows the comparisons of FFM according to CA and
APHV in both sexes. In the comparisons by CA, differences
are observed from 9 to 17 years (p < 0.05), however, when
compared by MS, the differences are significant in all APHV
(from -5APHV to +4APHV) (p < 0.05).

Comparisons of physical performance by CA and APHV
are seen in Fig. 2. In HJ when compared to CA, differen-
ces were observed from 11 to 17 years and by APHV, dif-
ferences are significant at all APHV levels. In velocity,
when compared by CA there were no differences from
6 to 14 years (p > 0.05), however, from 15 to 17 years,
the differences were significant (p < 0.05). For MS, dif-

ferences started to appear from +2APHV to +4APHV. In
agility, there were no differences at 6 and 7 years of
age when compared to CA, while from 8 to 17 years of
age there were significant differences (p < 0.05). On
the other hand, when compared according to APHV,
there were differences from -5APVC to +4APHV
(p < 0.05). In general, the use of the APHV allows a bet-
ter categorization of the performance of the children
and adolescents studied.

Discussion

The first objective of the study was to verify whether
FFM, MS, and CA are determinants of physical fitness per-
formance (horizontal jump, velocity, and agility) in Chil-
ean children and adolescents. The results have evidenced
moderate relationships between FFM, MS, and CA with
HJ, agility, and velocity tests in both sexes, except in
girls in the velocity test.

In fact, the results obtained are consistent with what
has been described in the literature, where it is empha-
sized that the physical fitness of children and adolescents
is affected by various factors, such as age and sex, body

Table 2 Relationship between physical fitness tests with fat-free mass and maturity status in schoolchildren of both sexes.

Physical fitness Independent variable Boys Girls

R r2 SEE P r r2 SEE p

HJ Age (years) 0.80 0.63 24.29 0.001 0.44 0.19 21.00 0.001

MS (APHV) 0.80 0.63 24.38 0.001 0.45 0.21 20.81 0.001

FFM (kg) 0.70 0.48 28.77 0.001 0.42 0.18 21.18 0.001

Agility (sec) Age (years) �0.74 0.55 2.63 0.001 �0.63 0.39 3.16 0.001

MS (APHV) �0.75 0.56 2.61 0.001 �0.63 0.39 3.15 0.001

FFM (kg) �0.68 0.47 2.85 0.001 �0.52 0.27 3.47 0.001

Velocity (sec) Age (years) �0.70 0.49 0.56 0.001 �0.16 0.03 0.79 0.001

MS (APHV) �0.69 0.48 0.56 0.001 �0.16 0.03 0.78 0.001

FFM (kg) �0.61 0.37 0.62 0.001 �0.20 0.04 0.78 0.001

MS, maturity stage, APHV, peak years of growth velocity, SEE, standard error of estimation, HJ, horizontal jump; r, correlation, r2, coeffi-
cient of determination.

Fig. 1. Mean FFM values of children and adolescents by chronological age andmaturity status.*, significant difference in relation to girls.
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size and composition, state of biological maturity, level
of habitual physical activity, 15,22 among other factors.
However, the fact of observing low correlations between
FFM and the velocity test in girls could be associated
with a lower FFM in relation to boys, in addition to
reaching its maximum values at approximately 13 years
of age, and then remaining stable until 17 years of age,
although, on the other hand, other factors such as moti-
vation could be involved in the results.15

In general, these relationships are explained by the fact
that in the HJ, agility, and velocity are presented in a series
of motor actions that must be developed efficiently. There-
fore, the result of the execution of these tests is reflected in
the performance and depends on the acquired muscle
strength levels.

Consequently, muscle strength is defined as the ability to
exert maximum force in the shortest possible time, such as
when accelerating, jumping, and throwing implements, 23

Fig. 2. Mean physical performance values of children and adolescents by chronological age and maturity status.*, significant differ-

ence in relation to girls.
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whereby, both HJ, agility, and velocity are dependent on
FFM.

These findings suggest that CA, APHV, and FFM during
childhood and adolescence have a positive effect on physical
performance. These studies highlight that, maintaining ade-
quate muscle mass has important implications in daily life
and is essential for performing activities of daily living9 and
brings a number of health-related benefits.24

On the other hand, a wide variety of studies have shown
that a high level of FFM can increase insulin sensitivity 25,26

and low muscle mass is associated with multiple metabolic
risk factors and insulin resistance.27,28

In that sense, the preservation and acquisition of ade-
quate levels of skeletal muscle mass during childhood
and adolescence should be a constant concern for
parents and the physical education curriculum. This is
because maintaining optimal skeletal muscle mass in
childhood and adolescence can improve peak muscle
mass and bone strength.29 Consequently exerting benefi-
cial effects on physical performance.

A second aim of the study was to analyze FFM and physi-
cal performance aligned by CA and MS. The results have
shown discrepancies between both indicators since the anal-
ysis by means of MS (through the APHV) evidenced significant
differences between both sexes, which was not observed by
means of CA.

These results suggest that the assessment and monitoring
of FFM and physical performance of children and adolescents
should be performed by controlling for MS since this indica-
tor of somatic maturation is often determined by age- and
sex-specific regression equations,17 which aim to classify the
state of maturation by APHV.

In general, it is considered that children may have
advantages/disadvantages in fitness testing by being
more or less mature than their chronologically age-
matched counterparts. Thus, controlling the timing and
rate of growth is of utmost importance, given that matu-
ration is highly individual and asynchronous with decimal
age throughout adolescence.15 Therefore, it is essential
to classify children and adolescents according to their
MS, especially if the authors are to analyze in terms of
FFM and physical performance.

In that sense, young people of the same CA vary consider-
ably in their MS, so there are differences in height, weight,
fat mass, and FFM between adolescents who mature faster
relative to those who mature on average and late. In fact,
late-maturing adolescents generally possess diminished
physical and functional characteristics (i.e., more linear
physique, less absolute and relative fat mass) than their
average and accelerated maturing counterparts.

In essence, as observed in Figs. 1 and 2, the greatest
changes are observed after the 0APHV level forward, espe-
cially in FFM, agility, and HJ, whereas in velocity up to 1
year after the PHV. Subsequently, girls show poor perfor-
mance in velocity, while boys continue to improve their per-
formance as they mature further.

In general, it is widely known that during physical educa-
tion classes and sports practice, often the motor actions of
decelerating, re-accelerating, changing direction, jumping,
and landing require the ability to absorb and produce force
quickly, both unilaterally and bilaterally, as, during these
activities, many boys and girls may show varied results in

physical performance, due to the presence of diverse matu-
ration rhythms.

Therefore, it is relevant, to introduce the control of
MS in physical education classes and in sports practice,
since this indicator can contribute to an adequate clas-
sification among adolescents. It is considered a powerful
indicator for the classification of workgroups, especially
when it comes to variables related to the physical
capacities of strength, velocity, and endurance,
respectively.15

This study presents several potentialities, given that
it is one of the first studies carried out in Chile, in
which large sample size is considered (6 to 17.9 years),
in addition, the probabilistic type of sample selection
(stratified) and the reliability of the anthropometric
measurements and physical tests (retesting) allow gen-
eralizing the results to contexts with similar characteris-
tics. On the other hand, the type of study adopted
(cross-sectional) also stands out as one of the main limi-
tations, since a longitudinal study allows causal rela-
tionships to be established and even to verify changes
over time. The control of MS by means of a non-invasive
technique (anthropometric) could lead to slight biases
in the results obtained; however, in the absence of
other techniques, the authors consider its use and appli-
cation opportune. In addition, this technique was
recently validated in a representative sample of young
Chileans, so its use and application are valid and
reliable.30

Conclusions

In conclusion, this study verified that both FFM, CA and MS
are determinants of physical fitness performance (horizontal
jump, velocity, and agility). Furthermore, MS should be
introduced in physical education as a means to classify the
physical performance of schoolchildren, since it ostensibly
reduces anthropometric and physical differences in relation
to CA.
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