
applied  
sciences

Article

The Study of Maturational Timing Effect in Elite Portuguese
Adolescent Basketball Players: Anthropometric, Functional and
Game Performance Implications

Isabel Fragoso 1,* , Sérgio Ramos 2 , Júlia Teles 1 , Anna Volossovitch 1, António Paulo Ferreira 1

and Luís Miguel Massuça 1,2,3

����������
�������

Citation: Fragoso, I.; Ramos, S.; Teles,

J.; Volossovitch, A.; Ferreira, A.P.;

Massuça, L.M. The Study of

Maturational Timing Effect in Elite

Portuguese Adolescent Basketball

Players: Anthropometric, Functional

and Game Performance Implications.

Appl. Sci. 2021, 11, 9894. https://

doi.org/10.3390/app11219894

Academic Editor: José

Miguel Martínez-Sanz

Received: 14 July 2021

Accepted: 12 October 2021

Published: 22 October 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 CIPER, Faculdade de Motricidade Humana, Universidade de Lisboa, 1499-002 Cruz-Quebrada, Portugal;
jteles@fmh.ulisboa.pt (J.T.); anavol@fmh.ulisboa.pt (A.V.); apaulo@fmh.ulisboa.pt (A.P.F.);
luis.massuca@ulusofona.pt (L.M.M.)

2 Faculty of Physical Education and Sport, Universidade Lusófona, 1749-024 Lisbon, Portugal;
sergio6ramos@hotmail.com

3 ICPOL, Higher Institute of Police Sciences and Internal Security, 1749-024 Lisbon, Portugal
* Correspondence: ifragoso@fmh.ulisboa.pt; Tel.: +351-914019110

Featured Application: The methodological classification is not important when comparing the
morphological and physical capacity differences between maturity contrasting groups. When-
ever possible use specific cut-off points (Preece Baines 1) to correctly classify players in contrast-
ing maturational groups. Where game performance is concerned, and when specific population
cut-off points are not available, as Lisbon boys have earlier APHV, it is recommended to use Por-
tuguese mean APHV value or the mean average cut-off value of APHV of the sample itself, to
avoid an extreme classifying bias with the suppression of late maturers.

Abstract: To estimate age at peak height velocity (APHV) in Portuguese male adolescents and; test
the effect of maturational status in physical fitness attributes and individual game performance
of U-14 basketball players. One mixed-longitudinal cohort with a sample of 439 Portuguese male
adolescents and; one cross sectional sample of 172 Portuguese elite U-14 basketball players. The
on-time group was defined within a 1-year band (more or less) from mean APHV. Preece-Baines
model 1 was adopted to fit the mean stature curve. Independent samples t-tests and Kruskal-Wallis
tests were performed and effect size (partial eta square) was calculated. The growth fitting revealed
an APHV around 13.45 years for Portuguese male adolescents. Early maturing players exceeded
significantly their peers in body size and composition, jump power and upper body strength. Early
and on-time maturing players scored better in rebounds won per game (APHV = 13.81, 13.30 years),
Performance Index Rating (PIR) and points scored per minute. Maturation influences morphology
attributes and strength regardless of the APHV (13.81, 13.45, 13.30 years) used to obtain the cut-off
points. It is recommended to use the new Portuguese mean APHV value to avoid extreme classifying
bias groups.

Keywords: youth basketball; maturational status; maturity offset; Performance Index Rating; strength
and conditioning

1. Introduction

Basketball is a dynamic and complex team sport, characterized by explosive kinetic
patterns, so it is not surprising that in youth basketball the maturity status can strongly
influence (a) individual physical and game performance [1], and (b) the selection process,
which usually resulting in an over-representation of early maturing players in youth
selection teams. Although considerable research on youth basketball players has been
devoted to the relationship of maturational status with morphological attributes, fitness
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and game performance [1–7], the study of maturity and its implication on individual game
performance has been, so far, inconsistent [1,6,8,9].

The identification of performance-related attributes of young basketball players is a
challenging task. The growth spurt, in male adolescent athletes, usually occurs between
12 and 15-years of age [8]. During this period of growth, chronological age can differ as
much as 4 or 5 years from a biological age [8]. This biological difference can result in great
physical fitness advantages for early maturing boys, as in the case of basketball [7,9].

Maturity is commonly assessed using methods such as skeletal age, percentage of
adult height attained, or age at peak height velocity (APHV) [2,10]. Longitudinal studies
are required to identify primary biological indicators of adolescent growth spurt, as age at
the maximum rate of growth (9.0–15.0 years of age for girls and 11.5–17.3 years of age for
boys) [8,11], and magnitude of the PHV (cm/year) [12]. However, longitudinal samples are
unique, limited, relatively small, time consuming, dependent of secular changes expressed
since the 1960s [13] and specially not representative of the general population.

Thus, given the difficulties faced with longitudinal designs, Mirwald et al., (2002) [14]
developed equations to predict years from PHV (maturity offset) in non-athletic and athletic
populations, using a cross-sectional methodology, it has been cited close to a thousand
times during the last two decades [15]. Predicted maturity offset and predicted APHV
(APHV; APHV = chronological age–maturity offset) have been increasingly used in male
young athletes [16], during the interval of the growth spurt (approximately 12–15 years of
age), as a continuous variable to predict a dependent variable (i.e., physical activity) [6,17]
and to classify subjects into contrasting maturity groups [11], with good applicability
among boys [18] who are average (on time) in maturation.

Maturity offset does provide an indication of timing, which can help researchers to
understand players’ development, based on the comparisons between timing contrasting
categories. However, a great heterogeneity has been found among studies [2] regarding the
criteria used to classify maturity groups. According to Sherar and coauthors (2005) [3,19],
the estimated age of peak height velocity (APHV) is compared to an international average
and the biological age groups are constructed using 1-year intervals. Also, years to APHV
(i.e., maturity offset) have been used to classify the subjects into maturity status categories
(pre-PHV, mid-PHV and post-PHV), using 1-year intervals [4,20]. Furthermore, compar-
isons between biological maturity groups (e.g., early, average, and late maturers) can rely
on a group average estimate APHV within ±0.5 years interval [5,15,18,21].

Therefore, the vast majority of studies that write about early maturing players and
their greater capacity in jumping, sprinting, or throwing and about the minor influence
of the time of maturity on game performance used the Mirwald equations, to estimate
maturity status although different classification techniques that may have influenced the
obtained results.

Thus, this study was designed (a) to estimate the age at peak height velocity mean in
Portuguese boys and to check if it differs from the APHV of the Mirwald study (13.81 years
of age) [14] and from the predicted APHV mean of boys basketball players; and (b) to
test if physical fitness attributes and individual game performance of 13–14-years-old
Portuguese elite regional basketball players differ among the contrasting maturational
categories obtained through different cut-off values of APHV.

2. Materials and Methods
2.1. Experimental Design

Maturity process can strongly influence the development of physical attributes of
basketball players and their individual game performance. The vast majority of studies
that addressed this topic used the Mirwald equations, although using different cut-off
values of APHV (international, national or mean average sample) and classification time
which, may or may not, influence the obtained results. Thus, this is an observational and
analytical study designed to test if physical and game performance differences between
maturity contrasting groups were reliant on the cut-off values of APHV selected.
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The protocol included two different studies: Study 1, with a sample of 439 boys aged
between 11–16-years of age, was designed only to establish a Portuguese boys cut-off points
of APHV (Figure 1). The Preece Baine 1 growth model was adjusted to the sample (study 1)
mean profile. Study 2, included a sample of 172 Portuguese elite regional basketball
players aged 13–14-years of age and was designed to compare the morphologic, physical
and individual game performance across maturity timing categories. Anthropometric
measures were measured following the International Society for the Advancement of
Kinanthropometry (ISAK) protocol [22]. To avoid the influence fatigue has on players’
results, morphologic and fitness measurements took place on the first day of the tournament.
Before the fitness tests all subjects performed a 20-min standardized warm-up routine, and
between tests the players were allowed 10-min passive rest. Each participant was verbally
instructed and encouraged to give his maximum effort. All players completed seven fitness
tests, from which nine variables were collected for analysis (Table 1). For more detailed
description of the procedures see Ramos and coauthors (2020) [23].
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Table 1. Intraclass correlation statistics for inter-rater reliability for the physical tests.

ICC b
95% CI

Lower Bound Upper Bound

20-m speed test 0.937 0.921 0.949
T-test 0.946 0.929 0.959

CMJ heigth 0.962 0.951 0.969
CMJ mean power 0.992 0.990 0.994

CMJ-S height 0.958 0.947 0.966
CMJ-S mean power 0.980 0.975 0.984

2-kg MBT test 0.968 0.960 0.974
HG rigth hand 0.980 0.975 0.984
HG left hand 0.980 0.975 0.984

Sit and reach test 0.922 0.903 0.938
b ICC estimates and their 95% confidence intervals were calculated using SPSS statistical package version 22.0
based on a consistency, two-way random-effect model. CI: Confidence interval, CMJ: Countermovement jump,
CMJ-S: Countermovement jump with arms swing, ICC: Intraclass correlation, HG: handgrip, MBT: Medicine
ball throw.

The participants (study 2) were assigned to three maturity timing groups based
on differences between the reference APHV and their estimated APHV. We used three
references for APHV: (1) the international reference used in Mirwald study, 13.81 years;
(2) our national (study 1) reference, around 13.45 years, and (3) the mean value of the
studied sample (study 2) with an estimate average APHV around 13.30. Independent
samples t-tests and Kruskal-Wallis One-way Analysis of Variance by Ranks tests were
performed to test the effect of chronological age (decimal age) and maturational status on
morphological, fitness and game performance variables.
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2.2. Subjects

A mixed-longitudinal study (six cohorts) with a sample of 439 boys aged between
11–16, from three public schools (Oeiras, Lisboa, Loures), of Lisbon district (Portugal,
Europe), based on retrospective auto report (Personal Health Record). The auto reported
data included in this sample was compared and validated taking into account the cross-
sectional values obtained at extreme ages (11–16 years) of each subject, objectively measured
by accreditated anthropometrists (Portuguese Foundation for Science and Technology–
Project number PTDC/DES/113156/2009). This sample (study 1) was only used to establish
the cut-off points based on a new APHV of Portuguese boys (Figure 1).

Additionally, a cross-sectional study was conducted to examine the performance of
male basketball players present at the 2016 Portuguese Youth Basketball Festival which is
organized annually by the Portuguese Basketball Federation. A total of 172 male basketball
players (age, 13.76 ± 0.44 years) were evaluated. This sample (study 2) gathered nine under-
14 (U-14) elite regional teams of the Portuguese First Division. All participants received
clear guidelines on the objectives, procedures and methodology of this study. Only the
players whose parents or legal guardians gave their written consent were permitted to
participate in the study. The study was authorized by the Ethics Committee of Faculty
of Human Kinetics–Universidade de Lisboa (No 53/2015) and by the Ethics Committee
of Faculty of Physical Education and Sport–Universidade Lusófona (Phd ID, 101516444;
25-02-2016) and was performed according to the 2013 Helsinki Declaration.

2.3. Practice Experience and Training Load

Data related to players’ practice experience (i.e., years of basketball practice) and train-
ing load (i.e., hours of practice per week) were recorded through a biosocial questionnaire.
The questionnaire results are presented in Table 2.

Table 2. Descriptive statistics (mean and standard deviation) and results of independent samples t-tests to evaluate the
effect of chronological age groups in U14 years basketball players’ characteristics.

CA Groups Effect of CA

Variables 13 Years (n = 34) 14 Years (n = 138) t p η2
P

Practice experience (years) 5.1 ± 2.8 5.4 ± 2.5 −0.754 0.452 0.003

Training load (h/week) 6.0 ± 1.5 6.3 ± 1.6 −1.020 0.309 0.006

CA (years) 13.1 ± 0.4 13.9 ± 0.2 −11.561 <0.001 0.641
Maturity offset (years) −0.37 ± 0.78 0.67 ± 0.67 −7.829 <0.001 0.265

APHV (years) 13.4 ± 0.6 13.3 ± 0.6 1.226 0.222 0.009

MORPHOLOGY
Body Mass (kg) 54.4 ± 11.9 61.0 ± 9.4 −3.465 0.001 0.066

Stature (cm) 166.9 ± 9.0 174.1 ± 8.2 −4.490 <0.001 0.106
Arm span (cm) 170.0 ± 11.7 177.2 ± 9.3 −3.832 <0.001 0.080
Hand span (cm) 21.4 ± 1.8 22.3 ± 1.5 −3.006 0.003 0.050

BMI (kg/m2) 19.3 ± 2.8 20.0 ± 2.1 −1.584 0.115 0.015
%FM 16.7 ± 6.4 16.9 ± 5.5 −0.196 0.845 0.000

Lean mass (kg) 44.8 ± 7.5 50.3 ± 6.3 −4.403 <0.001 0.102

FITNESS
V20-m (s) 3.42 ± 0.22 3.33 ± 0.23 2.180 0.031 0.027

TT (s) 10.6 ± 0.7 10.4 ± 0.7 1.363 0.175 0.011
CMJ Height (cm) 28.4 ± 4.7 30.3 ± 5.1 −2.001 0.047 0.023
CMJ Power (w) 640 ± 152 739 ± 135 −3.726 <0.001 0.075

CMJ-S Height (cm) 33.8 ± 4.7 36.1 ± 5.7 −2.228 0.027 0.028
CMJ-S Power (w) 698 ± 163 806 ± 143 −3.856 <0.001 0.080

SUM HG (kgf) 64.4 ± 17.4 72.4 ± 13.8 −2.497 0.016 0.046
MBT (m) 4.49 ± 0.71 5.09 ± 0.73 −4.305 <0.001 0.098

Seat and reach (cm) −1.8 ± 7.6 −1.1 ± 7.9 −0.447 0.655 0.001
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Table 2. Cont.

CA Groups Effect of CA

Variables 13 Years (n = 34) 14 Years (n = 138) t p η2
P

GAME PERFORMANCE
PIR/game 0.67 ± 2.67 2.50 ± 3.39 −2.927 0.004 0.048
PIR/min 0.04 ± 0.23 0.14 ± 0.24 −2.228 0.027 0.028

Points/game 2.77 ± 1.87 4.02 ± 2.67 −3.178 0.002 0.038
Points/min 0.23 ± 0.12 0.26 ± 0.16 −1.309 0.192 0.010

Rebounds/game 1.97 ± 1.53 2.98 ± 1.88 −2.909 0.004 0.047
Minutes played/game 11.9 ± 3.7 14.5 ± 3.7 −3.607 <0.001 0.071

APHV, age at peak height velocity; BMI, body mass index; CA, chronological age; CMJ, countermovement jump; CMJ-S, countermovement
jump with arms swing; MBT, medicine ball throw; SUM HG, sum of right and left handgrip; PIR, Performance Index Rating; TT, T-test;
V20-m, speed 20 m test; %FM, fat mass percentage.

2.4. Chronological Age and Biological Maturity

Chronological age (CA, in decimals) was calculated and the CA group was defined
considering a range midpoint, e.g., 13 years group indicate a chronological age between
12.50 and 13.49.

Maturity offset (time before or after APHV) was predicted from a sex-specific equa-
tion [14]. Predicted APHV (years) was calculated as the difference between CA and the
predicted maturity offset at observation date [14]. Three references for APHV were used:
(1) the international reference used in Mirwald study, 13.81 years; (2) our Portuguese boys
(see results section) reference, around 13.45 years, and (3) the mean value of the studied
sample (study 2) with an estimated average APHV around 13.30 years accordingly to [18].
To categorize the basketball players in maturity groups a 1-year band was assumed. For all
the references, an on-time group was defined within a band of 1 year from mean APHV
(13.30, 13.45 or 13.81 years); late maturing was defined as an APHV > 14.30, 14.45, or
14.81 years; early maturing was defined as an APHV < 12.30, 12.45, or 12.81 years.

2.5. Anthropometry and Body Composition

Body mass (kg), stature (cm), sitting height (cm), hand span (cm) and three skinfolds
(mm) (triceps, TRI; calf, GML; and subscapular, SBS) were measured following the In-
ternational Society for the Advancement of Kinanthropometry (ISAK) protocol [22]. Leg
length was calculated from the difference between stature and sitting height. Arm span
was measured as the perpendicular distance between the longitudinal planes of the left
and right dactylion, while hand span was measured as the greater distance between the
longitudinal planes of the first and fifth fingers [24].

The body composition analysis included evaluation of fat mass (FM) and fat-free
mass (FFM). The relative FM (%FM) and the FFM (kg) were estimated from the value of
skinfolds. %FM was calculated as the arithmetic mean of the %FM values obtained through
the equations proposed by Lohman (1986) [25] and Slaughter et al., (1988) [26]. BMI was
calculated by the formula BMI = Body mass/Stature2 (kg/m2).

2.6. Physical Fitness (Speed, T-Test, Jump Tests, Medicine Ball Throw, Handgrip, Sit and Reach)
and Basketball Game Performance)
2.6.1. Physical Fitness

Speed test: The 20 m speed test was performed according to the protocol described by
Jakovljevic and colleagues (2012) [27]. T-test: T-test was used for the agility assessment [27].
Jump tests: The explosive and elastic leg strength were tested throughout counter move-
ment jump (CMJ) and counter movement jumps with arm swing (CMJ-S), following the
protocol described by Bosco and co-authors (1983) [28]. 2 kg medicine ball throw: The
upper-limb explosive strength was tested using the 2 kg medicine ball throw (MBT). The
distance (in cm) attained in the best of two attempts was considered [29]. Handgrip
strength: The handgrip (HG) strength was assessed with a dynamometer (Takei Physical
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Fitness Test, TKK 5001, GRIP-A) [30]. Sit and reach test: The flexibility was assessed using
the sit and reach test. Each subject was seated barefoot on the floor with legs straight out
ahead and with their feet placed with the soles flat against the sit and reach box. With
hands on top of each other and palms facing down, each player tried to reach forward
along the measuring line as far as possible. The score of the test was recorded to the
nearest centimeter as the distance reached by the tip of the fingers. The vertical line of the
feet soles was considered as a plane counted as 0 cm. Negative and positive centimeters
were considered when players reached forward, respectively, before and after this vertical
plane [31]. The interclass correlation coefficient of all physical fitness tests are presented
in Table 1.

2.6.2. Basketball Game Performance

Basketball individual performance was assessed in terms of minutes played per game,
points scored in the tournament (i.e., expressed as the average points per game), rebounds
captured in the tournament (i.e., expressed as the average rebounds per game), and by
the Performance Index Rating (PIR) of each player, per game or per minute, calculated
from the data recorded by the officials of the Portuguese Basketball Federation using the
following formula: PIR = (points + rebounds + assists + steals + blocks) – (missed field
goals + missed free throws + turnovers + shots rejected).

2.6.3. Modelling and Statistical Analysis

The Statistical Package for the Social Sciences software (SPSS software version 24.0,
IBM SPSS, Chicago, IL, USA) was used for statistical analysis. Significance level was set at
5% with effect sizes (partial eta square, η2

P) also calculated.
The Preece Baines 1 Growth Model was first considered [18,23],

y = h1 −
2) [(h1 − hθ)

exp[s0(t − θ)] + exp[s1(t − θ)]
,

where y is the stature (cm), t is the age (years), and h1 (adult stature), hθ, s0, s1 and θ are the
mathematical parameters that were used to estimate some biological parameters (age at the
peak height velocity, age at take-off, height at the peak height velocity, height at take-off,
velocity at peak height velocity, velocity at take-off, increment of stature from peak height
velocity to adult stature and intensity of take-off). Preece-Baines model 1 is most often used
to longitudinal data, but it can be applied to cross-sectional data as presented by Zemel
and Johnston (1994) [32]. These authors showed that Preece-Baines model 1 can accurately
estimate the age at peak height velocity in males, as well as other characteristics, when
using cross-sectional data. So, due to the cross-sectional characteristics of our data, the
Preece-Baines model 1 was adjusted for the sample (study 1) mean profile.

Complementarily, basketball players descriptive’ statistics (mean and standard devia-
tion) were determined for two age groups (12.50–13.49 years and 13.50–14.49 years) and
for three maturational status groups (early, on-time, late) obtained through three different
cut-off points of APHV (i.e., 13.30, 13.45 and 13.81 years). Independent samples t-tests and
Kruskal-Wallis One-way Analysis of Variance by Ranks tests were performed to test the
effect of chronological age (decimal age) and maturational status on morphological, fitness
and game performance variables. Normality and homogeneity of variances were assessed
using Shapiro-Wilk and Levene tests, respectively. After a significant Kruskal-Wallis test, a
Dunn-Bonferroni post hoc test was performed to identify between which maturity groups
the morphological, fitness and performance differences were effective. The effect size was
estimated using partial eta squared (η2

P) and the magnitude of these results was categorized
according to the Cohen (1988) benchmarks, i.e.: [0.01,0.06[ (small); [0.06,0.14[ (moderate);
≥0.14 (large).
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3. Results

Smooth distance curve, velocity curve, and parameter estimates according to Preece-
Baines model 1 are presented in Figure 2. The estimated value for male adult stature was
177.9 cm, and the estimated age and stature at peak height velocity was 13.45 years of age
and 160.5 cm respectively
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peak height velocity (APHV), and parameter estimates according to Preece-Baines model I.

Practice experience, training load and estimated APHV did not differ significantly
between the oldest and youngest groups. Nevertheless, compared with the younger
players, the older players were: (a) heavier (+6.6 kg; t = −3.465, p = 0.001, η2

P = 0.066),
taller (+7.2 cm; t = −4.490, p < 0.001, η2

P = 0.106), had more arm span (+7.2 cm; t = −3.832,
p < 0.001, η2

P = 0.080), more hand span (+0.9 cm; t = −3.006, p = 0.003, η2
P = 0.050) and

more FFM (+5.5 kg; t = −4.403, p < 0.001, η2
P = 0.102); (b) were faster (−0.09 s; t = 2.180,

p = 0.031, η2
P = 0.027), jumped higher on CMJ (+1.9 cm; t = −2.001, p = 0.047, η2

P = 0.023),
had more CMJ power (+99 W; t = −3.729, p < 0.001, η2

P = 0.075), jumped higher on CMJ-S
(+2.3 cm; t = −2.228, p = 0.027, η2

P = 0.028), CMJ-S power (+108 W; t = −3.856, p < 0.001,
η2

P = 0.080), and handgrip strength (+8.0 kg; t = −2.497, p = 0.016, η2
P = 0.046), and threw

the medicine ball longer (+60 cm; t = −4.305, p < 0.001, η2
P = 0.098); and (c) had better

PIR/game (+1.83; t = −2.927, p = 0.004, η2
P = 0.048), PIR/min (+0.10; t = −2.228, p = 0.027,

η2
P = 0.028), points/game (+1.25; t = −3.178, p = 0.002, η2

P = 0.045), rebounds/game (+1.1;
t = −2.909, p = 0.004, η2

P = 0.047) and play more minutes per game (2.6 min; t = −3.607,
p < 0.001, η2

P = 0.071).
When the maturity groups were based on APHV = 13.81, ~22% of the subjects

were early maturers, ~78% were on-time, and no late mature players were found (see
Table 3). When APHV = 13.45 years was used to establish maturity groups, ~7% of the
subjects were early maturers, and ~89.5% were on-time and ~3.5% were late mature.
When APHV = 13.30 years was used to establish maturity groups, ~5% of the subjects
were early maturers, ~86% were on-time, and ~9% of the subjects were early mature (see
Tables 4 and 5).
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Table 3. Descriptive statistics (mean and standard deviation) and results of independent samples t-tests and Kruskal-Wallis
tests to evaluate the effect of maturity groups (APHV = 13.81) in U14 years basketball players’ characteristics.

Maturity Groups (13.81) Effect of Maturity (13.81)

Variables Early (n = 37) On-Time (n = 135) t p η2
P

Practice experience (years) 4.7 ± 2.6 5.5 ± 2.5 −1.79 0.075 0.019

Training load (h/week) 6.7 ± 1.8 6.1 ± 1.5 2.15 0.033 0.027

CA (years) 13.9 ± 0.3 13.7 ± 0.5 1.64 0.103 0.016
Maturity offset (years) 1.36 ± 0.40 0.22 ± 0.70 12.75 <0.001 0.345

APHV (years) 12.5 ± 0.2 13.5 ± 0.5 −17.76 <0.001 0.451

MORPHOLOGY
Body Mass (kg) 70.3 ± 7.5 56.8 ± 8.9 8.42 <0.001 0.294

Stature (cm) 182.4 ± 5.5 170.0 ± 7.6 11.15 <0.001 0.335
Arm span (cm) 185.6 ± 6.8 173.1 ± 9.3 9.11 <0.001 0.256
Hand span (cm) 23.0 ± 1.1 21.9 ± 1.6 4.80 <0.001 0.084

BMI (kg/m2) 21.1 ± 1.9 19.6 ± 2.3 3.76 <0.001 0.077
%FM 18.8 ± 5.1 16.3 ± 5.7 2.40 0.018 0.033

FFM (kg) 56.8 ± 3.9 47.2 ± 6.1 11.53 <0.001 0.324

FITNESS
V20-m (s) 3.29 ± 0.22 3.36 ± 0.24 −1.55 0.123 0.014

TT (s) 10.49 ± 0.63 10.39 ± 0.70 0.82 0.415 0.004
CMJ Height (cm) 30.8 ± 4.7 29.7 ± 5.2 1.15 0.250 0.008
CMJ Power (w) 851 ± 133 684 ± 125 7.11 <0.001 0.229

CMJ-S Height (cm) 36.5 ± 4.9 35.4 ± 5.7 0.99 0.323 0.006
CMJ-S Power (w) 925 ± 136 747 ± 134 7.15 <0.001 0.231

SUM HG (kgf) 79.0 ± 13.5 68.5 ± 14.4 3.96 <0.001 0.085
MBT (m) 5.60 ± 0.63 4.80 ± 0.70 6.30 <0.001 0.189

Seat and reach (cm) −2.7 ± 8.5 −0.8 ± 7.6 −1.30 0.195 0.010

GAME PERFORMANCE
PIR/game 3.04 ± 4.02 1.90 ± 3.10 1.86 0.065 0.020
PIR/min 0.16 ± 0.30 0.11 ± 0.22 1.10 0.274 0.007

Points/game 3.94 ± 2.74 3.72 ± 2.54 0.45 0.653 0.001
Points/min 0.26 ± 0.14 0.26 ± 0.15 −0.05 0.962 0.000

Rebounds/game 3.59 ± 2.32 2.56 ± 1.65 3.04 0.003 0.052
Minutes played/game 14.0 ± 3.9 14.0 ± 3.8 0.03 0.976 0.000

APHV, age at peak height velocity; BMI, body mass index; CA, chronological age; CMJ, countermovement jump; CMJ-S, countermovement
jump with arms swing; MBT, medicine ball throw; SUM HG, sum of right and left handgrip; PIR, Performance Index Rating; TT, T-test;
V20-m, speed 20 m test; %FM, fat mass percentage; FFM, fat-free mass.

Table 4. Descriptive statistics (mean and standard deviation) and results of Kruskal-Wallis tests to evaluate the effect of
maturity groups (APHV = 13.45) in U14 years basketball players’ characteristics.

Maturity Groups (13.45) Effect of Maturity (13.45)

Variables Early (n = 12) On-Time (n = 154) Late (n = 6) H p η2
P

Practice experience (years) 4.6 ± 2.5 5.4 ± 2.6 6.5 ± 2.3 2.42 0.298 0.014

Training load (h/week) 6.9 ± 2.0 6.2 ± 1.5 5.3 ± 0.8 4.20 0.122 0.024

CA (years) 13.8 ± 0.4 13.8 ± 0.5 13.8 ± 0.5 0.47 0.789 0.003
Maturity offset (years) 1.6 ± 0.4 *# 0.4 ± 0.7 ∞ −0.8 ± 0.4 36.95 <0.001 0.179

APHV (years) 12.2 ± 0.1 *# 13.3 ± 0.5 ∞ 14.6 ± 0.1 48.20 <0.001 0.222

MORPHOLOGY
Body Mass (kg) 74.5 ± 9.8 *# 59.3 ± 8.8 ∞ 39.8 ± 3.3 34.60 <0.001 0.170

Stature (cm) 186.3 ± 4.6 *# 172.1 ± 8.0 ∞ 159.8 ± 5.2 36.97 <0.001 0.180
Arm span (cm) 189.0 ± 6.8 *# 175.4 ± 9.3 ∞ 158.7 ± 3.6 33.34 <0.001 0.165
Hand span (cm) 23.1 ± 1.3 # 22.2 ± 1.6 ∞ 19.9 ± 1.3 15.17 0.001 0.082

BMI (kg/m2) 21.5 ± 2.9 # 19.9 ± 2.1 ∞ 15.6 ± 1.1 18.54 <0.001 0.099
%FM 20.8 ± 6.6 # 16.8 ± 5.4 ∞ 9.4 ± 2.9 16.77 <0.001 0.090

FFM (kg) 58.5 ± 3.5 *# 49.0 ± 6.2 ∞ 36.1±3.0 36.60 <0.001 0.178
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Table 4. Cont.

Maturity Groups (13.45) Effect of Maturity (13.45)

Variables Early (n = 12) On-Time (n = 154) Late (n = 6) H p η2
P

FITNESS
V20-m (s) 3.31 ± 0.26 3.34 ± 0.23 3.45 ± 0.29 1.60 0.450 0.009

TT (s) 10.57 ± 0.67 10.38 ± 0.69 10.87 ± 0.59 4.45 0.108 0.026
CMJ Height (cm) 30.4 ± 2.9 30.0 ± 5.2 28.5 ± 4.7 0.60 0.743 0.004
CMJ Power (w) 904 ± 93 *# 715 ± 132 ∞ 477 ± 45 33.51 <0.001 0.165

CMJ-S Height (cm) 36.2 ± 4.2 35.6 ± 5.7 34.9 ± 5.9 0.25 0.883 0.001
CMJ-S Power (w) 986 ± 110 *# 779 ± 139 ∞ 528 ± 56 32.44 <0.001 0.161

SUM HG (kgf) 80.4 ± 12.3 # 70.9 ± 14.4 ∞ 48.3 ± 1.8 19.00 <0.001 0.101
MBT (m) 5.49 ± 0.77 # 4.99 ± 0.71 ∞ 3.57 ± 0.15 20.13 <0.001 0.106

Seat and reach (cm) −4.8 ± 7.2 −1.0 ± 7.9 −0.8 ± 5.3 2.52 0.284 0.015

GAME PERFORMANCE
PIR/game 2.46 ± 2.44 2.18 ± 3.42 0.43 ± 2.42 2.31 0.314 0.014
PIR/min 0.10 ± 0.40 0.13 ± 0.23 −0.02 ± 0.20 3.33 0.190 0.019

Points/game 3.35 ± 1.78 3.84 ± 2.66 2.72 ± 1.61 1.05 0.593 0.006
Points/min 0.23 ± 0.11 0.26 ± 0.15 0.18 ± 0.09 1.77 0.412 0.010

Rebounds/game 3.36 ± 1.67 2.78 ± 1.89 1.70 ± 0.85 4.15 0.126 0.024
Minutes played/game 13.4 ± 3.2 14.0 ± 3.9 14.2 ± 2.8 0.33 0.848 0.002

APHV, age at peak height velocity; BMI, body mass index; CA, chronological age; CMJ, countermovement jump; CMJ-S, countermovement
jump with arms swing; MBT, medicine ball throw; SUM HG, sum of right and left handgrip; PIR, Performance Index Rating; TT, T-test;
V20-m, speed 20 m test; %FM, fat mass percentage; FFM, fat-free mass. * Significant difference between early and on-time mature players,
p < 0.05. # Significant difference between early and late mature players, p < 0.05. ∞ Significant difference between on-time and late mature
players, p < 0.05.

Table 5. Descriptive statistics (mean and standard deviation) and results of Kruskal-Wallis tests to evaluate the effect of
maturity group (APHV = 13.30) in U14 basketball players’ characteristics.

Maturity Groups (13.30) Effect of Maturity (13.30)

Variables Early (n = 8) On-Time (n = 148) Late (n = 16) H p η2
P

Practice experience (years) 3.9 ± 2.5 # 5.3 ± 2.6 6.7 ± 2.2 7.32 0.026 0.041

Training load (h/week) 6.4 ± 1.3 6.3 ± 1.6 5.5 ± 1.2 4.71 0.095 0.027

CA (years) 13.9 ± 0.3 13.8 ± 0.5 13.8 ± 0.3 0.52 0.772 0.003
Maturity offset (years) 1.7 ± 0.3 *# 0.5 ± 0.7 ∞ −0.6 ± 0.3 48.47 <0.001 0.223

APHV (years) 12.2 ± 0.1 *# 13.2 ± 0.5 ∞ 14.4 ± 0.1 61.91 <0.001 0.268

MORPHOLOGY
Body Mass (kg) 74.3 ± 10.6 *# 60.6 ± 8.7 ∞ 43.9 ± 4.4 46.94 <0.001 0.217

Stature (cm) 187.9 ± 4.0 *# 173.2 ± 7.7 ∞ 160.4 ± 3.9 48.34 <0.001 0.222
Arm span (cm) 191.3 ± 7.0 *# 176.3 ± 9.2 ∞ 163.0 ± 4.9 41.28 <0.001 0.196
Hand span (cm) 22.9 ± 1.3 # 22.3 ± 1.6 ∞ 20.7 ± 1.3 17.97 <0.001 0.096

BMI (kg/m2) 21.1 ± 3.4 # 20.1 ± 2.1 ∞ 17.1 ± 1.7 25.43 <0.001 0.131
%FM 20.2 ± 7.8 # 17.2 ± 5.3 ∞ 11.7 ± 4.6 19.44 <0.001 0.103

FFM (kg) 58.5 ± 2.3 *# 49.9 ± 6.1 ∞ 38.7 ± 3.3 47.39 <0.001 0.219

FITNESS
V20-m (s) 3.36 ± 0.26 3.34 ± 0.23 3.42 ± 0.24 2.60 0.272 0.015

TT (s) 10.60 ± 0.73 10.38 ± 0.69 10.55 ± 0.68 1.73 0.421 0.010
CMJ Height (cm) 29.5 ± 2.5 30.1 ± 5.2 28.9 ± 5.0 1.87 0.393 0.011
CMJ Power (w) 887 ± 104 *# 732 ± 131 ∞ 524 ± 72 40.16 <0.001 0.192

CMJ-S Height (cm) 35.0 ± 4.7 35.8 ± 5.7 34.4 ± 5.2 1.06 0.588 0.006
CMJ-S Power (w) 963 ± 114 *# 799 ± 139 ∞ 571 ± 67 40.80 <0.001 0.194

SUM HG (kgf) 80.2 ± 14.0 # 72.0 ± 14.4 ∞ 55.0 ± 7.8 24.29 <0.001 0.126
MBT (m) 5.26 ± 0.61 # 5.06 ± 0.71 ∞ 3.99 ± 0.54 26.68 <0.001 0.136

Seat and reach (cm) −4.4 ± 8.6 −0.8 ± 8.0 −3.0 ± 5.4 1.98 0.372 0.012
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Table 5. Cont.

Maturity Groups (13.30) Effect of Maturity (13.30)

Variables Early (n = 8) On-Time (n = 148) Late (n = 16) H p η2
P

GAME PERFORMANCE
PIR/game 2.29 ± 2.89 2.32 ± 3.42 0.41 ± 2.22 5.29 0.071 0.030
PIR/min 0.04 ± 0.48 0.14 ± 0.23 ∞ −0.01 ± 0.18 6.62 0.036 0.038

Points/game 3.01 ± 1.74 3.95 ± 2.67 2.51 ± 1.52 5.53 0.063 0.032
Points/min 0.22 ± 0.12 0.27 ± 0.15 ∞ 0.17 ± 0.08 7.41 0.025 0.042

Rebounds/game 3.18 ± 1.76 2.89 ± 1.90 ∞ 1.60 ± 0.89 9.98 0.007 0.056
Minutes played/game 12.8 ± 2.7 14.1 ± 3.9 13.2 ± 3.2 1.81 0.405 0.011

APHV, age at peak height velocity; BMI, body mass index; CA, chronological age; CMJ, countermovement jump; CMJ-S, countermovement
jump with arms swing; MBT, medicine ball throw; SUM HG, sum of right and left handgrip; PIR, Performance Index Rating; TT, T-test;
V20-m, speed 20 m test; %FM, fat mass percentage; FFM, fat-free mass. * Significant difference between early and on-time mature players,
p < 0.05. # Significant difference between early and late mature players, p < 0.05. ∞ Significant difference between on-time and late mature
players, p < 0.05.

Practice experience and training volume did not differ between maturational status
groups, when considering APHV = 13.30, 13.45 or 13.81 years.

Results were similar for APHV = 13.30, 13.45 and 13.81 years, i.e., compared to their
on-time peers, early mature players were: (a) taller (13.30 years, +14.7 cm; 13.45 years,
+14.2 cm; 13.81 years, +12.4 cm), heavier (13.30 years, +13.7 kg; 13.45 years, +15.2 kg;
13.81 years, +13.5 kg), had bigger arm span (13.30 years, +15 cm; 13.45 years, +13.6 cm;
13.81 years, +12.5 cm), wider hand span (13.30 years, +0.6 cm; 13.45 years, +0.9 cm;
13.81 years, +1.1 cm), superior BMI (13.30 years, +1.0 kg/m2; 13.45 years and 13.81 years,
+1.5 kg/m2), presented more relative fat mass (13.30 years, +3%; 13.45 years, +4%; 13.81 years,
+2.5%) and more FFM (13.30 years, +8.6 kg; 13.45 years, +9.5 kg; 13.81 years, +9.6 kg);
(b) were better in CMJ power (13.30 years, +155 W; 13.45 years, +189 W; 13.81 years,
+167 W), CMJ-S power (13.30 years, +164 W; 13.45 years, +207 W; 13.81 years, +178 W),
handgrip strength (13.30 years, +8.2 kg; 13.45 years, +9.5 kg; 13.81 years, +10.5 kg) and
threw the medicine ball further (13.30 years, +0.2 m; 13.45 years, +0.50 m; 13.81 years,
+0.8 m); and (c) had more 1.3 rebounds per game (13.81 years).

In addition, when APHV = 13.30 was used to establish maturity groups, the play-
ers that matured on-time had significant higher scores in PIR/min, points/min and re-
bounds/game then the players that matured late.

Tables 2–4 present the morphological attributes, fitness performance measures and
specific performance variables for each maturational status group obtained when APHV
was equal to 13.81, 13.45 and 13.30 years of age, respectively.

4. Discussion

The study of physical growth of Lisbon district boys (Portuguese) revealed an age at
peak height velocity around 13.45 years of age. In addition, the study of maturational status-
related variation of 13–14 years of age (U-14) Portuguese male elite regional basketball
players, in relation to physical fitness attributes and individual game performance showed
that: (a) older players and early maturing players exceed significantly their peers in body
size, body composition, jump power and upper body strength (handgrip and medicine
ball throw) in all sorts of maturity classification (i.e., when using 13.30, 13.45 and 13.81 as
APHV); (b) among the 172 athletes (sample 2), only 5%, 7% and 22% of the subjects were
early maturing players, and 16 players and six players (9%, 3.5%, 0%) were late maturers
when basketball player’s predicted mean, Portuguese and international reference for APHV
were used (i.e., 13.30, 13.45, 13,81 years); (c) older players surpassed their younger peers
in PIR (per game and per minute), points scored per game and minutes played per game
while early maturers performed better only in rebounds (APHV = 13.81 years) and on-time
mature players had higher values of PIR/min and points/min compared to the other
maturity groups (APHV = 13.30 years).
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Although the variety of analytical procedures; the secular growth trend, as most of
longitudinal studies were done between 70 and 90; the different proportions of populations;
the little variation (more or less a year) of sex-specific estimates of timing and tempo; the
APHV have been frequently considered to categorize athletes according to maturity [11,33].
Portuguese boys’ APHV, estimated with PB model 1, was 13.45 years of age with a velocity
in the PHV of 6.8 cm/year. The mean APHV for males in this study was somewhat early
compared to most of (13.8–14.3 years of age) other PB model 1 analysis [34–37]. The mean
APHV for boys in the present study was also early compared to that for boys in the Wroclaw
Growth Study, 14.0 ± 1.2 years [38]. The results suggest that our athletes might grow and
develop slightly early compared to the majority of samples studied longitudinally although
later than a Japan sample [33]. In contrast, the mean velocity (6,8 cm/year) in the PHV was
smaller when considering the aforementioned samples (range 8.8–9.7 cm/year) [33–38].

This study indicates that the boy’s growth spurt in stature occurs about half-year
earlier in the Lisbon district (Portuguese) boys as compared to Mirwald study cut-off
value (i.e., 13.81 years of age) and other European studies [2,8] but later than the predicted
mean APHV (13.30 years) obtain, with Mirwald equation, for our sample. These facts
may suggest that the selection process of male U-14 Portuguese elite regional basketball
teams, which participated in the tournament, was influenced by biological maturation. The
same trend was described for the boy’s categories of Spanish basketball, i.e., Spanish elite
players (selected from the best and more representative teams) had a higher biological age
(measured by years from APHV, i.e., maturity offset) than non-elite basketball players [7].

Maturity-related differences among male athletes are well documented in the available
literature [8]. Body size dimensions have been considered important attributes for young
male basketball players performance [7]. In the present study, athletes with different
maturational status showed significant differences in body mass, stature, arm span and
hand span with large effects sizes been observed for body mass, stature and arm span.

Moreover, early maturation is also associated with better performances [1,8]. In this
study, early maturing basketball players performed significantly better on upper (HG and
MBT) and lower (CMJ and CMJ-S power) body strength tests (effect sizes showed large
effects for HG, MBT, CMJ and CMJ-S power).

Our results confirmed that chronological age and biological maturation have an impact
on body size attributes and strength performances. The three cut-off points presented the
same differences among groups showing that morphologic and fitness results were not
dependent from the cut-off point used. Although the lack of late maturers when using
13.81 years of age cut-off point and the number of late maturers (9%) when groups were
classified using 13.30 years cut-off value, the morphologic and fitness results were similar to
those previously reported, showing that maturation status explained a significant portion
of body size variance and had a significant effect on jumps and upper body strength [7].

The present study found that maturational status had a significant and positive effect
on morphological attributes and fitness performance, but a small influence on Performance
Index Rating (PIR) and average scored points. These two scores of basketball individual
performance (i.e., PIR and point average) are the game performance indicators most
commonly used to evaluate player´s individual performance in a basketball game [1,7].
However, the cut-off value 13.30 years of age (average APHV of the studied basketball
players), which included a very small number of athletes (5%) in the advanced group,
showed significant differences between the on time and the late maturers, but not with
the early maturity status, with only one exception, the rebounds. Thus, although some
morphological and fitness attributes regarding speed and power are important attributes
for basketball success, our results suggested, in accordance with Ostojic et al., (2006) [9],
that these attributes, by themselves, are not the drive for excellence in basketball.

Torres-Unda and coauthors (2016) [1] observed: (a) that stature and maturity offset
were the best predictors of individual performance in basketball; and (b) a moderate
correlation between maturity offset and PIR per game. In the present study, maturity status
groups showed no effect on player individual performance (evaluated by PIR) and points
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scored (per game and per minute), but was not used as a predictor nor as a covariate. In
addition, maturity status (only for maturity groups based on 13.30 and 13.81 years of age
cut-off points) had a significant effect on average rebound. Rebounding involves previous
physical contact, and for that very reason, it is expected that heavier and taller players,
with greater jump power would be able to win more rebounds per game. This observation
reinforces that, in the complex dynamic of a basketball game it is highly possible that other
factors (e.g., technique, tactics, strategy or psychological features) play a key influence
on individual player’s performance [9]. Also, performance may be independent from
biological maturation [8] or may not be directly related with most of the performance
variables. Instead, it may possibly moderate the impact of other factors (like years of
experience, chronological age, strategy or psychological features) on performance.

This study showed that the classification technique chosen to obtain the maturational
groups is an important issue. The methodologies usually referred to obtain the different
maturity groups proceed from an international reference such as Sherar et al., (2005) [19] or
from the mean average cut-off value of APHV of the sample itself, as Wickel et al., (2009) [18]
recommended (regardless of the time frame of 6 months or a year). These classification
methodologies did not change the morphological and physical fitness differences obtained
between maturational groups. However, the differences obtained for game performance
only happened when the maturity-categories bias was larger and not always between the
extreme groups, showing that the classification methodology interfered on the variability
of results.

Accordingly, it seems advisable to use whenever possible references obtained from a
specific longitudinal sample. If this is not the case then one can choose the average cut-off
value of APHV of the sample itself, accordingly to Wickel et al., (2009) [18], to avoid an
extreme classifying bias with the suppression of late maturers. In case we want to compare
several unique samples (in sporting and morphological terms) and when there is a need
for an independent reference, it is recommend to use a specific reference, since populations
have specific growth characteristics not always in accordance with the reference cut-off
points of APHV used by Sherar et al., (2005) [19] as shown when Portuguese PHV was
compared with other European populations [2,8].

It might also be worth mentioning, though, that one of the limitations of this study
is the analysis of two distinct cohorts. Data from study 1 was obtained from three public
schools and data from study 2 from 9 regional U14 teams of elite basketball athletes.
Although we performed a cross-sectional validation, as we used the height values included
in the Personal Health Report, the clinical value of the PB1 model is dependent on the errors
made during the assessment of the child’s height measurements. Obviously, the influence
of measurement errors will be greater when fewer measurements are performed on each
child, which prevented us from using children with less than 11 successive assessments.
Therefore, Preece-Baines model 1 was adjusted to the average profile of 439 boys aged
between 11–16 and not to an average profile of elite male basketball players.

Longitudinal samples are unique and may not be representative of specific popula-
tions, thus a Preece-Baines model 1 should further be fitted to a more specific population,
as we have already mentioned above. Data from Study 1 and Study 2 dated from 2012
and 2016, respectively, however the longitudinal samples used to develop the Mirwald
equation dated from the 1960s to the 1990s. Secular changes in height have occurred in
European populations since the 1960s [10,13] however this phenomenon have declined or
stopped in many countries.

All predictions have associated errors, especially if the selected samples are from
adolescent athletes. Inter-individual differences in the timing and tempo of growth spurt
are considerable and the advanced maturity status of male athletes can limit the use
of predicted APHV [11,33,39]. The protocol for the prediction equation was based on
Europeans samples (Caucasians, Whites) however, basketball players, on average, have
proportionally longer lower limbs [7]. This population variation in the proportions of
sitting height and lower limbs length implies that we must be careful when applying the
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Mirwald protocol [8]. Although the average predicted APHV for the sample in question
(13.30 years) should not be ignored, bearing in mind that the average values usually do
not differ much from the average values obtained from a longitudinal sample, it would be
important to collect longitudinal information on Portuguese male basketball players. It
would also be of great interest to evaluate the effect of maturation on morpho-functional
variables and performance (PIR) using other maturity variables like bone age or percentage
of predicted adult height. Bone age and relative height are less influenced by subjects’
dimensions, proportions and by secular changes. Finally, maturity needs to be assigned
as a moderator between physical and fitness attributes and individual performance in
basketball (Performance Index Rating and average scored points).

5. Conclusions

Our findings suggest that: (a) the APHV of boys of Lisbon population was half-
year earlier as compared to Mirwald study cut-off value (i.e., 13.81 years) and other
European studies; (b) the APHV (maturation) influences morphological attributes and
fitness (strength) performance, regardless of the cut-off points used to classify the sample
units in contrasting maturity groups, with early maturing players exceeding significantly
their peers in body size, body composition and strength performances; and (c) maturity
status does not seem to influence individual game performance (only the rebounds seem
directly related with maturation), however it is still important to continue studying this
topic (d) Where game performance is concerned and when population cut-off points of
APHV are not available, it is recommended to categorize the sample according the Wickel
and coauthors (2009) [18] classification methodology to avoid an extreme classification bias
with the suppression of late maturers.
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