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Abstract

Although table tennis is a popular sport played by millions of people regularly and competitively, and the studies
devoted to table tennis are increasing, the extent of literature on the growth and maturity status of young table tennis
players is not extensive. The present study aimed to assess the growth and maturity status of young medal-winning
table tennis players and compare them with non-medal-winning players. A group of 117 competitive players, consisting
of 57 males (12.87+1.35 years) and 60 females (12.99+1.24 years), underwent measurements of standing height, sitting
height, and body mass. Body mass index (BMI) was calculated by dividing weight (in kilograms) by the square of height
(in meters), and growth status was determined using a reference database. Somatic maturity status was estimated using
age at peak height velocity (APHV) and maturity offset, calculated by the difference between APHV and chronological age.
The results indicated that the mean height, body mass, and BMI percentiles of both genders were higher than the 37
percentile when compared to normative references. There were no significant differences in terms of growth and maturity
status between medal-winning and non-medal-winning players in both genders. The study suggests that coaches might
consider closely monitoring the growth and maturity levels of their players and potentially consider adjusting training
strategies based on the players' physical characteristics. These findings could contribute valuable insights into talent
identification, physical development, and their potential influence on performance in youth table tennis.

Keywords: Racket sports, talent identification, youth athletes, biological maturation, physical growth.
Resumen

Aunque el tenis de mesa es un deporte popular practicado por millones de personas de forma regular y competitiva, y
los estudios dedicados al tenis de mesa van en aumento, la literatura sobre el crecimiento y la madurez de los jugadores
jovenes de tenis de mesa no es extensa. El objetivo de este estudio fue evaluar el crecimiento y la madurez de jugadores
jovenes de tenis de mesa que han ganado medallas y compararlos con jugadores que no han ganado medallas. Se midio
la altura de pie, la altura sentados y la masa corporal de un grupo de 117 jugadores de competicion compuesto por 57
hombres (12,87 + 1,35 afios) y 60 mujeres (12,99 + 1,24 afios). El indice de masa corporal (IMC) se calculo dividiendo el peso
(en kilogramos) por el cuadrado de la altura (en metros) y el estado de crecimiento se determing utilizando una base de
datos de referencia. El estado de madurez somatica se estimo utilizando la edad al pico de la velocidad de crecimiento
(PVC) y el desfase madurativo fue calculado por la diferencia entre la edad al PVC y la edad cronolégica. Los resultados
indicaron que la estatura media, la masa corporaly los percentiles de IMC de ambos sexos eran superiores al percentil 372
en comparacion con las referencias normativas. No hubo diferencias significativas en términos de crecimiento y estado
de madurez entre los jugadores ganadores y no ganadores de medallas en ambos sexos. El estudio sugiere que los
entrenadores podrian considerar la posibilidad de vigilar de cerca los niveles de crecimiento y madurez de sus jugadores
y, potencialmente, considerar ajustar las estrategias de entrenamiento en funcion de las caracteristicas fisicas de los
jugadores. Estos hallazgos podrian aportar valiosos conocimientos sobre la identificacion de talentos, el desarrollo fisico
y su posible influencia en el rendimiento en el tenis de mesa juvenil.
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fisico
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Physical Growth and Biological Maturity Status of Young Table Tennis Players

INTRODUCTION

Racket sports have been popular worldwide for
over a century (Lees, 2003; Robertson et al., 2018) and
studies have shown that practicing racket sports such
as tennis, table tennis, badminton, and squash can
improve the brain’s ability to coordinate movements
of the body, which can lead to better hand-eye
coordination, reflexes, speed, endurance, flexibility,
agility, and overall physical fitness (Jaworski et al.,
2020; Schaefer & Scornaienchi, 2019). Racket sports are
similar in that they all require players to use a racket
to hit a ball or shuttlecock over a net and involve
bursts of high-intensity exercise (Faber er al., 2016;
Pluim, 2004). However, there are some key differences
between racket sports, such as the swinging patterns
used, the size of the court, and the speed of the ball (Ak
& Kocak, 2010; Akpinar et al., 2012). For instance, tennis
players have more time to anticipate the placement of
the ball and react accordingly to the speed and spin of
the shots, as the ball travels slower and has a larger
trajectory than in other racket sports, whereas table
tennis players have less time to react to the speed and
spin of the shots, as the ball travels much faster and
has a much shorter trajectory (Ak & Kocak, 2010).

Developing effective training programs for young
athletes relies on a profound understanding of how
growth and maturation impact a child’s development
(Balyi & Hamilton, 2004; Balyi et al., 2013; Ford et al,,
2011). To ensure that young athletes receive training
that fosters their overall growth, it is imperative to fully
grasp these two biological processes since they play
pivotal roles in a child’s development and significantly
influence their physical, mental, and emotional well-
being (Beunen & Malina, 2007). Despite often being
used interchangeably and mistakenly perceived
as referring to the same concepts, it is crucial to
recognize that growth and maturation are separate
biological processes (Cameron, 2022a; Malina et al,
2004). Maturation pertains to the progression of the
body’s skeletal, sexual, and somatic systems towards
adulthood, while growth involves alterations in size
and body composition that occur as individuals age
(Baxter-Jones et al., 1995; Baxter-Jones et al., 2005;
Cameron, 2022b; Malina et al., 2004).

In the context of youth sports, research on the
relationship between growth, maturation, and sports
performance is important for talent identification
and development (Malina et al., 2004). During the last
decades, there has been a lot of research on this topic,
especially in team sports like soccer and basketball.
However, there is a gap in knowledge about this
relationship in racket sports, particularly table tennis,
badminton, and squash (Coelho-e-Silva et al., 2021).
A recent study by Coelho-E-Silva et al. (2021) found
that most young male table tennis players were early
maturing based on skeletal age and average maturing
based on somatic indicators. Their heights and body
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masses were above the reference medians from 10
to 13 years, and their skeletal ages were generally
advanced relative to chronological age. Another
study by Doherty et al. (2018) showed that there were
significant correlations between actual performance
rating and age at peak height velocity (APHV), sprint
test, years of practice, positive refocusing, self-
regulation in learning, and evaluation in elite youth
male table tennis players. The study also found that
APHV, sprint test, years of practice, self-monitoring,
and evaluation were significantly correlated with
progression scores.

The research on growth and maturation in racket
sports has mostly focused on tennis, with only two
studies on table tennis (Coelho-E-Silva et al., 20271;
Doherty et al.,, 2018). Both table tennis studies were
conducted with male players, and they did not report
anyinformationabout medal-winningorrankingstatus.
This study is original in the sense that it investigates
the relationship between growth and maturity status
and the medal-winning status of young competitive
table tennis players at consecutive ages. Therefore,
the purposes of this study are: (1) to determine the
growth and maturity status of young medal-winning
table tennis players, and (2) to compare these players
with their non-medal-winning counterparts. The
study hypothesized that medal-winning players were
expected to have a more advanced growth and maturity
status compared to non-medal-winning players.

METHODS

Participants

In this cross-sectional study, convenience sampling
method was utilized. A total of 117 table tennis players
(57 males aged 12.87 * 1.35 years, and 60 females aged
12.99 + 1.24 years) were measured for their standing
height, sitting height, and body mass. To be included
in the study, the players had to meet the following
criteria: (i) they had to be registered with the Turkish
Table Tennis Federation, and (ii) they had to have at
least two years of training experience in organized and
competitive table tennis. The study was approved by
the Human Subjects Ethics Committee of Middle East
Technical University, and written informed consent
was obtained from the children and their parents or
legal guardians after the measurements and purpose
of the study were explained. Means and standard
deviations for chronological age, training age, weekly
training, height, sitting height, body mass, body mass
index (BMI), APHV, and maturity offset of female and
male table tennis players are summarized in Table 1.
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Table_1

Descriptive statistics

Variables Girls (n = 60) Boys (n =57)
Chronological age (years) 129+1.2 129+ 1.4
Training age (years) 52+13 49+17
Weekly training (hours/week) 153 £5.5 14.6 £ 6.8
Height (cm) 155.9 + 7.01 159.3 + 9.4
Sitting height (cm) 81.5+43 821+ 45
Body mass (kg) 472 +9.6 50.9 * 11.6
Body Mass Index (kg/m2) 19.4 +3.3 19.9 + 3.4
Height (z-scores) 01:0.8 0.4+0.8
Height (percentiles) 51.7 £ 24.9 62.9 £233
Body mass (z-scores) 01207 0.3+07
Body mass (percentiles) 531%237 58.6 £ 21.7
Body Mass Index (z-scores) -0.03£0.8 0.3£09
Body Mass Index (percentiles) 49.4 + 26.6 57.4 +26.2
APHV (years) 122+05 13706
Maturity offset (years) 0.8 + 1.04 -0.8+1.2

Z-scores represent how many standard deviations
a value deviates from the mean of a reference
population, allowing for standardized comparisons
across different age groups. Percentiles, on the other
hand, indicate the relative ranking of a player’s
measurement within a reference data set, showing the
percentage of individuals with lower values. In this
context, the percentile of height indicates the relative
ranking of a player’s height compared to a reference
population of the same age and gender, with a higher
percentile suggesting that the player is taller than most
of their peers and a lower percentile indicating they
are shorter. Similarly, the percentiles of body mass
and BMI reflect how a player’s weight and BMI compare
to normative values. These measures are crucial for
contextualizing the physical development of young
table tennis players within a broader population and
for identifying potential advantages or limitations in
their growth trajectories.

Procedures

Birth dates, training age, and weekly training
information were collected from the players, coaches,
and parents. In addition to general information about
the players, anthropometric measurements, including
body mass, stature, and sitting height, were taken.
Height measurements were taken using a portable
stadiometer (Seca 213, Hamburg, Germany) for both
standing and sitting heights, and body weight was
assessed using a digital weighing scale. To be used
in calculation of APHV, leg length was computed by
finding the difference between standing and sitting
heights. BMI was calculated by dividing body mass
(kg) by the squared height (m). Height-for-age, weight-
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for-age, and BMI-for-age were compared to reference
data (Frisancho, 2008). Percentile and z-score values
were calculated for height, body weight, and BMI. The
APHV was estimated using the predictive equation
developed by Mirwald et al. (2002). The maturity offset
was calculated by subtracting the chronological age
from the APHV. The chronological ages of the players
were determined by subtracting their birthdate from
the date of measurement.

Statistical analysis

A gender-based descriptive analysis of the data
was conducted, with all values presented as means
and standard deviations. The normality of the data
was assessed using the Kolmogorov-Smirnov test.
The results indicated no significant deviations from
normality, suggesting that the data were normally
distributed. Independent samples t-tests were
conducted to examine differences between medal-
winning and non-medal-winning players, separately
for boys and girls. The effect size was quantified using
Cohen’s d, with the following interpretation: <0.20
(trivial), 0.20-0.59 (small), 0.60-1.19 (moderate), 1.20-
1.99 (large), 2.0-3.9 (very large), and >4.0 (extremely
large) (Hopkins et al., 2009). The significance threshold
was set at p < 0.05. IBM SPSS Statistics for Windows,
Version 26.0 (SPSS Inc., Chicago IL), was used for all
statistical analyses in this study.

RESULTS

Means and standard deviations for chronological
ages, height, sitting height, body mass, BMI, height
z-score, height percentile, body mass z-score, body
mass percentile, BMI z-score, BMI percentile, APHY,
and maturity offset are presented by five age groups
(U1, U12, U13, U14, and U15) in Table 2.

Figures 1, 2 and 3 show the mean values of height,
body mass, and BMI for each age group, along with
the corresponding percentiles within a reference
population.

The mean height percentiles of players are shown
in Figure 1. Female players had heights between the
45t and 57t percentiles, with the lowest mean values
in U15 girls and the highest mean values in U12 girls.
Male players had heights between the 54" and 69t
percentiles, with the lowest mean values in U14 boys
and the highest in U11 boys. The percentiles of other
age groups for female players were mostly around the
50t percentile mark, while the percentiles of other age
groups for male players were between the 60" and 65
percentiles.
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Table 2.
Descriptive statistics by age groups
Ages 1 12 13 14 15

Gender Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
(M+SD) (M+SD) (M+SD) (M+SD) (M+SD) (M£SD) (MxSD) (M+SD) (MxSD) (MzSD)

Chronological age (years) 10.8+03 10.9+0.2 121+03 1.9+04 129+03 128+0.4 13.8+04 137204 146+03 148+03

Height (cm) 149.4 + 81 146.6 + 2.8 155.8 + 5.5152.8 + 6.3 159.6 + 6.6 155.9 + 5.6 162.2+61 158.9+5.2 169.2 +71 160.3 +7.7

Sitting height (cm) 775+3.8 77116 805+31 787+42 81741 81.4+33 842+26 83.4+28 873+41 849:39

Body mass (kg) 435+139 363+3.7 443+48 40674 492+84 46.9+92 61.8+124 537+8.4 585+73 529151

Body Mass Index (kg/m?) 193+46 16919 183+18 17429 19431 193+33 23.4+33 213+33 20621 20.8+2]

Stature (z-scores) 08+11 01+04 05x0.6 03+08 0.4+07 01+0.8 01+0.7 01+0.7 04+08 -01x11

Stature (percentiles) 68.7 £29.4 52.2 +14.2 65.6 + 17.7 57.2 + 211 63.0 £22.3 50.2 £ 24.9 53.8 + 24.7 51.7 +23.9 60.7 £ 221 45.0 + 35.9

Body mass (z-scores) 02+11 -03+04 -01x0.4 -02+0.7 01+0.6 01+0.9 08+0.7 04+07 04+05 0204

Body mass (percentiles) 55.2 + 281 40.5 +15.2 49.2 £ 15.3 4;;91 551 +21.8 53.3+279 74.2+189 64.6 +23.5 63.9 £14.9 557 + 15.5

Body Mass Index (z-scores) 04+13 -03x07 -01x06 -04+09 01+09 -01+09 11+07 04+08 02206 01+05
Body Mass Index (percentiles) 581 +32.9 39.0 +23.7 47.6 £ 21.3 371+ 26.7 53.4+271 49.4+30.5 801151 61.8 £ 247 55.6 £ 20.7 551+ 18.3
APHV (years) 131+£05 119201 135+03 11.9+0.4 138205 121x05 13.8+04 123+03 13.9+x05 127+05
Maturity offset (years) -23+05 -09+02 -1.4+04 -01+05 -09+x0.6 0.7+x0.5 01+05 14+04 07+06 21204

Figure 1. Mean height and corresponding percentiles by age group '
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Figure 2. Mean body mass and corresponding percentiles by age group 2

"Each column in the figure represents the mean value of height for a given age group, along with its corresponding percentile within the

reference dataset.
2 Each column in the figure represents the mean value of body mass for a given age group, along with its corresponding percentile within

the reference dataset.
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The mean body mass percentiles of players are
given in Figure 2. The body masses of the female
players were between the 40" and 65" percentiles,
with the U11 girls having the lowest mean values and
the U14 girls having the highest. The other age groups
had percentiles between the 44" and 56%". The body
masses of the male players were between the 49*" and
74" percentiles, with the U12 boys having the lowest
mean values and the U14 boys having the highest. The
other age groups had percentiles between the 55" and
64",

The mean BMI percentiles of players are given in
Figure 3. The BMI values of the female players were
between the 37* and 62" percentiles, with the U12
girls having the lowest mean values and the U14
girls having the highest. The other age groups had
percentiles between the 39" and 55%. The BMI values
of the male players were between the 48" and 80"
percentiles, with the U12 boys having the lowest mean
values and the U14 boys having the highest. The other
age groups had percentiles around the 55%.

Table 3 shows a comparison of medal-winning and
non-medal-winning players. There were no significant
differences between the two groups of girls in any of
the variables measured. Among boys, there were no
significant differences between the two groups in any
of the variables measured except for training age.
Medal-winning boys had significantly more experience
in regular table tennis training than non-medal-
winning boys (p < 0.05).

DISCUSSION

This study aimed to determine the growth and
maturity status of young medal-winning table tennis

85,0
80,0
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70,0
65,0
60,0
55,0
50,0
45,0
40,0
35,0
30,0

Percentile

80,1
61,8
58,1
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47,6 04
39,0 Iq, ,
11 12 13 14

B Bovys

players and compare them with their non-medal-
winning counterparts. The study hypothesized that
medal-winning players were expected to have a more
advanced growth and maturity status compared to
non-medal-winning players; however, the findings
of the study failed to support this hypothesis. The
main findings of the study highlight that, compared
to normative references for the same age and gender,
both boys and girls exhibited mean height, body mass,
and BMI percentiles above the 37" percentile. Notably,
there were no significant differences in any variable
between medal-winning and non-medal-winning
girls, whereas the only significant difference observed
among boys was in training age.

The research revealed that female table tennis
players had heights that fell between the 45 and 57t
percentiles, while male players had heights ranging
from the 54" to the 69*" percentiles. Additionally,
the study noted that female table tennis players
had body masses spanning from the 40" to the 65%
percentiles, whereas male players had body masses
ranging from the 49 to the 74™" percentiles. In terms
of BMI percentiles, the study indicated that female
table tennis players had BMI values ranging from the
37" to the 62" percentiles, while male players had BMI
values ranging from the 48" to the 80" percentiles.
These findings are consistent with previous research
conducted in racket sports (Baxter-Jones et al., 1995;
Coelho-E-Silva et al,, 2021; Erlandson et al., 2008;
Myburgh et al., 2016; Sogit et al.,, 2019; Sogiit et al,,
2023).

55,6 55,1

15

Age

Girls

Figure 3. Mean BMI and corresponding percentiles by age group 3

3 Each column in the figure represents the mean value of BMI for a given age group, along with its corresponding percentile within the

reference dataset
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Table 3
Comparison between Medal-Winning and Non-Medal-Winning players
Gender Medal-winning Non-medal-winning t p d Qualitative
Chronological age Girls 131 £1.2 129 +£1.3 -0.282 0.779 0.001 Trivial
(years) Boys 125+13 129+14 1.039 0.303 0.019 Trivial
. Girls 5712 51+13 -1.672 0100 0.046 Trivial
Training age (years) o
Boys 59+13 47 £1.7 -2.230 0.030* 0.083 Trivial
Weekly training (hours/ Girls 159 + 6.7 151 £ 5.04 -0.512 0.610 0.004 Trivial
week) Boys 179:62 13.9+6.8 -1.833 0.072 0.058 Trivial
. Girls 1579 £ 6.6 1551+ 71 -1.373 0175 0.031 Trivial
Height (cm) o
Boys 157.6 £ 11.9 159.7 + 8.8 0.664 0.509 0.008 Trivial
. . Girls 82.8 +4.8 81.0 £ 41 -1.414 0163 0.033 Trivial
Sitting height (cm) o
Boys 80.9 £5.9 82.4 47 0.917 0.363 0.015 Trivial
Girls 46.6 £ 9.7 47.4 9.7 0.274 0.785 0.001 Trivial
Body mass (kg) .
Boys 47.9 +12.8 51.7 £+ 11.2 0.972 0.335 0.017 Trivial
Body Mass Index (kg/ Girls 18.6 +2.9 19.7 + 3.4 1130 0.263 0.022 Trivial
2
m?) Boys 18.9 £+ 2.8 20.2 £3.5 1.047 0.300 0.020 Trivial
. Girls 03+09 -0.02 £ 0.7 -1.333 0188 0.030 Trivial
Height (z-scores) .
Boys 0.5%0.9 0.4+0.8 -0.290 0.773 0.002 Trivial
) ) Girls 58.2 + 27.7 49.3 +23.8 -1.224 0.226 0.025 Trivial
Height (percentiles) o
Boys 63.9 £ 26.5 62.7 +22.8 -0.149 0.882 0.000 Trivial
Girls 0.01+0.7 01+0.7 0.489 0.626 0.004 Trivial
Body mass (z-scores) o
Boys 01+0.8 0307 0.760 0.450 0.010 Trivial
Body mass (percen- Girls 51.5 + 24 53.7+23.8 0.325 0.746 0.002 Trivial
tiles) Boys 552 +22.5 59.4 £ 21.6 0.568 0.572 0.006 Trivial
Body Mass Index Girls -0.3+0.7 01+0.9 1.289 0.203 0.028 Trivial
(z-scores) Boys 01+0.8 03:09 0.714 0.478 0.009 Trivial
Body Mass !ndex (per- Girls 42.7 + 241 51.8 £27.2 1181 0.242 0.023 Trivial
centiles) Boys 54.8 +24.9 581+ 26.8 0.371 0.712 0.002 Trivial
Girls 122 £ 0.6 122 + 0.4 0.564 0.575 0.005 Trivial
APHYV (years) .
Boys 13.6 + 0.6 13.7£0.6 0.311 0.757 0.002 Trivial
. Girls 0.9+0.9 0.7 £11 -0.646 0.521 0.007 Trivial
Maturity offset (years) o
Boys 1113 -0.7 £11 1102 0.275 0.022 Trivial
*p<.05

Parallel with the findings of the present study, in
their study conducted on male table tennis players
aged between 10 and 14, Coelho-E-Silva et al. (2021)
displayed that the mean heights exhibited a range
between the 75" and 90" percentiles for players
aged 10 to 13, while U14 players had mean heights
approximately at the 50" percentile. As for body
masses, the mean values were around the median for
both U10s and U14s, whereas for U11, U12, and U13, the
average body masses were around the 75" percentile.
Similar to table tennis, the study by Sogiit et al. (2019)
on competitive U12 tennis players showed that both
male and female players were taller than average
children of the same age and gender. Additionally, the
body masses of both boys and girls were above the 45t
percentile, and the BMI percentiles of male and female
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players were higher than the average. In another study
conducted on U14 competitive tennis players, Sogut
et al. (2023) found that the mean heights and body
masses of both male and female players were above
the 60" percentile. Moreover, the BMI percentiles of
male tennis players were slightly below the median,
whereas the BMI percentiles of female tennis players
were above the median.

In terms of performance, there were no significant
differences observed between girls across any of
the variables. However, among boys, no significant
differences were identified except for the training
age. It was found that boys who won medals had
significantly more experience in regular table tennis
training compared to those who were not able to win
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medals. Consistent with the findings of the present
study, a prior study by Sogiit et al. (2019) revealed no
association between maturity status and rankings,
whereas significant associations were found between
factors like experience, training volume, and motor
performance with rankings in both boys and girls.
Conversely, another study by Sogiit et al. (2023)
presented different findings. Their research found no
notable disparities in all parameters among the three
groups (national team, main draw, and qualifying) for
boys. In contrast, among girls, both national and main
draw players were observed to be significantly more
advanced in terms of maturation and exhibited higher
BMI values in comparison to qualifying players.

This study has several limitations that should
be acknowledged. Firstly, the exclusion of tactical,
technical, and psychological performance indicators
limitstheabilitytogainacomprehensiveunderstanding
of the overall performance of the players. These factors
are known to play a significant role in table tennis
performance and should be included in future studies
to provide a more well-rounded assessment. Secondly,
it is important to note that the sample in this study is
confined to young Turkish table tennis players aged
between 10 and 15 years. This limited sample size and
geographical focus may restrict the generalizability
of the findings to a broader population of table
tennis players from various regions and age groups.
Including participants from diverse backgrounds
would enhance the representativeness and inclusivity
of analyzing physical growth and maturity in table
tennis. Furthermore, the study primarily employs a
cross-sectional design, offering a snapshot of the
characteristics of the participants at a specific moment
in time. Longitudinal studies are crucial for gaining a
comprehensive understanding of the development
and long-term implications of physical growth and
maturity in table tennis. Long-term follow-up studies
that track participants into young adulthood would
provide valuable insights into the trajectory of
physical growth and maturity and their influence on
performance. Given these limitations, future research
should encompass a broader array of performance
indicators, diversify the participant pool, and utilize
longitudinal designs with extended follow-up periods.
Such efforts would contribute significantly to a more
comprehensive understanding of the multifaceted
nature of table tennis performance and the enduring
effects of physical growth and maturity.

CONCLUSIONS

This study highlights the variability in growth
and maturity status among young table tennis
players, emphasizing that physical characteristics
alone may not determine competitive success. While
growth and maturity monitoring remains relevant
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for understanding long-term athlete development,
its direct impact on medal-winning ability appears
limited based on these findings. The role of growth
and maturation in talent selection should be viewed
in the broader context of competitiveness. Research
in racket sports (e.g., table tennis, tennis, badminton)
suggests that while top athletes tend to exhibit
advanced growth and maturation patterns, these
factors alone do not guarantee success, as technical
proficiency, tactical awareness, and psychological
resilience play equally crucial roles (Coelho-E-Silva
et al., 2021; SOgit et al., 2019; 2023). Similarly, studies
in team sports (e.g., soccer, basketball) emphasize
that although biological maturity can provide
temporary advantages, long-term performance
is shaped by multidimensional factors, including
training experience and skill acquisition (Malina et
al.,, 2004; Baxter-Jones et al., 2005). Therefore, a more
comprehensive approach to athlete development
should be adopted, integrating physical, technical, and
cognitive assessments. Future studies should explore
longitudinal data to determine whether growth and
maturation influence performance outcomes in the
long run, particularly as players transition from
youth to elite levels. Incorporating these factors may
provide valuable insights into best practices for talent
identification and athlete development.

PRACTICAL IMPLICATIONS

The study findings hold several practical
implications for coaches, trainers, and policymakers.
Firstly, while physical characteristics such as height,
body mass, and BMI play an important role in
athlete development, they should not be used as
the sole criteria for talent identification.A more
holistic approach is needed, incorporating technical
proficiency, tactical awareness, and psychological
resilience alongside physical attributes. Secondly,
given the connection between training age and
winning medals, policymakers should prioritize
providing ample training opportunities and structured
programs to support long-term athlete development.
Ensuring that young athletes receive high-quality
coaching and consistent training experiences is
crucial for their progression. Thirdly, although no
significant differences in growth and maturity status
were found between medal-winning and non-medal-
winning players, monitoring these factors is still
valuable. Understanding physical development trends
can assist coaches in identifying long-term potential
and ensuring that training programs align with
individual needs. Lastly, considering these factors
may vyield important insights into best practices for
talent identification and athlete development. A
multidisciplinary approach that includes physical,
technical, cognitive, and psychological factors will help

create more effective athlete development pathways.
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