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Abstract: Talent-identified male and female athletes are assumed to have greater speed and power
than the general population at a given age. However, a comparison of the jump and sprint perfor-
mance of an Australian cohort of male and female youth athletes from various sports to age-matched
controls has not occurred. Therefore, the aim of this study was to compare anthropometric and
physical performance markers between ~13-year-old talent-identified youth athletes and general
population Australian youth. The anthropometry and physical performance in talent-identified
youth athletes (n = 136, 83 males) and general population youth (n = 250, 135 males) were tested
during the first month of the school year in an Australian high school within a specialized sports
academy. Talent-identified females were taller (p < 0.001; d = 0.60), sprinted faster (20 m: p < 0.001;
d = —1.16), and jumped higher (p < 0.001; d = 0.88) than general population youth females. Similarly,
talent-identified males sprinted faster (20 m: p < 0.001; d = —0.78) and jumped higher (p < 0.001;
d = 0.87) than general population youth males, but were not taller (p = 0.13; d = 0.21). Body mass was
not different between groups for males (p = 0.310) or females (p = 0.723). Overall, youth, particularly
females, who are trained in a variety of sports, exhibit greater speed and power during early ado-
lescence compared to their age-matched peers, with anthropometric differences only occurring in
females at 13 years of age. Whether talented athletes are selected because they exhibit these traits or
whether speed and power are developed through sport participation requires further investigation.

Keywords: physical fitness; performance data; speed; power; youth athletic development

1. Introduction

There are well-known health-related benefits associated with youth physical activ-
ity [1], including cardiorespiratory fitness [2], muscular fitness [3], bone health [4], and
cardiometabolic health [5]. Furthermore, evidence suggests that physical activity reduces
depressive symptoms in children and adolescents [6], and can have a positive effect on
cognitive function and academic outcomes (e.g., school performance, memory and ex-
ecutive function) [7]. While researchers have examined the level and types of physical
activity youth undertake to inform guidelines and recommendations [8], few have reported
the physical profile of the general Australian youth population; in particular, speed (i.e.,
20-m sprint) and power (i.e., vertical jump) measures. When anthropometric and physical
performance profiles have been reported, it has generally been to highlight “at risk” groups
and the potential impact of a lack of physical activity on health and well-being [9,10].
Therefore, it is important to develop benchmarks of anthropometry and physical perfor-
mance which can be used to inform practitioners, such as medical professionals, physical
education teachers, and youth sport coaches, when prescribing physical activity in the
general population.
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While there has been limited research investigating the general youth population,
there has been extensive research profiling the anthropometric and physical performance
measures of talented youth athletes [11,12]. By definition, talented youth athletes have
been described as individuals with a special ability in a specific domain which places
them in the top 10% of their peers, and have the potential for high-level performance in
adulthood [13-16]. Profiling of anthropometric and physical performance measures has
been used to inform performance benchmarks, talent identification, health and well-being,
and return-to-play protocols for youth athletes [17,18]. For example, the ability to per-
form high-speed running actions [19] and jump higher [20] are important prerequisites for
successful performance in many sports. To assess the sprint capacity of a youth athlete,
maximum linear acceleration assessments have been used, with the most common being
a maximal 20 metre (m) sprint [21-23]. Further, to measure lower limb power, counter-
movement jump (CM]J) performance has been shown to provide youth athletes with a
competitive advantage [24]. A limitation of the current knowledge is that performance
benchmarks and age-related differences are based on studies which focused on specific
sports, and typically observed males [25]. Therefore, there is a need to explore these factors
in both generally trained and female populations.

While studies have explored physical activity and performance levels in the general
youth population and sport-specific contexts, there are still limited normative anthropo-
metric and physical performance data for the Australian youth general population and
talent-identified youth athletes. To the authors” knowledge, there are no studies available
that provide sex-specific anthropometric and physical fitness normative data for a trained
and untrained Australian youth population (i.e., 13-year-olds). Therefore, the purpose of
this cross-sectional study was to present sex-specific anthropometric (i.e., body height, body
mass) and physical performance (i.e., CMJ; 5 m, 10 m, and 20 m sprint) reference values
for Australian talent-identified and general population youths. A further aim of this study
was to determine anthropometric and physical differences between these two populations.
These findings will provide benchmark values and identify specific anthropometric and
physical performance characteristics for the relevant population, and potentially inform
physical activity recommendations.

2. Materials and Methods
2.1. Participants

A total of 386 individuals participated in this cross-sectional study. Participants were
recruited from a single Australian public high school (Year 7 and 8). When considered
by sex, there were 168 females (talent-identified: n = 53, age = 12.92 & 0.60 years; general
population: n = 115, age = 12.96 + 0.65 years) and 218 males (talent-identified: n = 83,
age = 13.15 & 0.56 years; general population: n = 135, age = 13.04 & 0.63 years) who
participated in the study.

Participants were included in the study if they met the following inclusion crite-
ria: (1) attending the partner school, (2) being in Year 7 and Year 8 school grades, and
(3) participating in physical education classes during the testing period (Term 1 2022,
February-March). Within this group, 136 were talent-identified youth athletes who were
selected for and attended the sports academy within the high school. Participants were
selected for the academy based on coach expert opinion of their sporting ability at the age
of selection (~12 years old). The aim of the academy is to provide a training environment
which accelerates an individual’s progress within their nominated sports national talent
pathway. The training environment of the academy included three 45 min formal strength
and conditioning sessions per week with nationally accredited strength and condition-
ing coaches. Further, participants completed between two to three 90 min sport-specific
training sessions. This school-based training environment (i.e., strength and conditioning;
sport-specific training) complemented the external sport-specific national talent pathway
training (i.e., club training; national training camps) the participants were undertaking.
The other 250 individuals were regular high school students from the general population.
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These individuals were not a part of the academy and completed regular Australian high
school curriculum, including Physical Education classes.

The sole exclusion criterion was injury which prevented participation in the testing
session. Therefore, any individual who had an injury which impeded their ability to
perform the physical assessments on the testing day were excluded from the study. Ethical
approval was gained from the lead institution’s research ethics board (HRE 21-064) which
abides by the guidelines of the Declaration of Helsinki. Consent was obtained for all
participants and parents of all participants prior to data collection.

2.2. Experimental Design

All participants completed a range of anthropometric (i.e., standing height; body
mass) and physical performance measures (i.e., CMJ; 5 m, 10 m, and 20 m sprint), which
were completed in one session and conducted by tertiary educated strength and condi-
tioning coaches with over 5 years” experience conducting this testing battery. The testing
occurred in the same indoor venue with standardised environmental conditions for all
participants. Prior to testing all electronic testing equipment was calibrated according to
manufacturer standards. The height and body mass of participants were recorded, followed
by a standardised 10-min warm up, led by a qualified strength and conditioning coach,
which included familiarisation to the CM]J and 20 m sprint procedures. Participants then
completed a CM]J followed by the 20 m sprint [26].

2.3. Measures

Height was measured using a wall-mounted stadiometer (Wedderburn, Sydney, Aus-
tralia), with each participant removing socks and shoes. The stretch—stature method [27]
was used to minimise technical error, with each participant instructed to inhale and hold
a deep breath during the measurement. All measurements of height were taken at the
end of the inhale with the headboard placed firmly on the vertex of the head and heels
together and on the ground. Height was measured in centimetres (cm), with typical error of
1.0 cm [28].

Portable force plates (ForceDecks FD4000, VALD Performance, Brisbane, Australia)
were used to measure body mass and CM] [29]. Participants stood with their hands on their
hips and feet shoulder width apart on each of the force places. After calibration, participants
were instructed to step onto the plates and stand as still as possible to determine body mass.
The participant was then instructed to perform a CM] to a self-selected depth “as quickly
and explosively as possible” on “GO” after a 3-2-1-GO countdown. Participants had to
start and land on the force plates, keep their hands on their hips and have their knees
extended during flight. If this did not occur, the jump was ruled as invalid and repeated.
One familiarisation jump occurred before three jumps were completed in total, with the
maximum jump height (cm) and body mass (kg) recorded for analysis.

A 20 m straight-line course on a basketball court was used to measure sprint perfor-
mance. Electronic timing gates (Swift Performance Equipment, Lismore, Australia) were
positioned at the start line as well as at 5 m, 10 m, and 20 m intervals. All participants
started in a crouched position with the front foot touching the start line, back heel up, and
no hands on the ground. Participants had to start from a stationary position and could
not use a 3-point start position. Participants began whenever they were ready and were
instructed to “run as fast as they could” until they reached cones placed at the 25 m mark.
Three maximal sprints were undertaken with a 2 min recovery in between. The best split
times for 5 m, 10 m, and 20 m were recorded in seconds, with typical error of measurement
being 0.03 s [26].

2.4. Statistical Analysis

Descriptive statistics were used to summarise the data, with the mean, standard
deviation (SD), minimum, and maximum for all measures (i.e., standing height; body
mass; CMJ; 5 m, 10 m, and 20 m sprint performance across each group relative to sex).
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The assumptions of normality were assessed visually using a histogram for all outcome
variables. As there were no deviations from a normal distribution, parametric statistical
analyses were conducted. Due to the difference in population size between the talent-
identified athletes and general population groups, a Welch's ¢-test were used to determine
between-group differences in physical performance measures. R Studio version 4.1.2
(RStudio, Boston, USA) was used for all data management and analysis, with the “rstatix”
package providing the integrated ¢-test function (f_test(), with argument “var.equal = False”
for Welch’s t-test). For the independent t-test, each of the physical performance measures
were the dependent variable. These measures were: stand height (cm), body mass (kg),
CMJ (cm), and 5 m, 10 m, and 20 m sprint (seconds). For each analysis, the independent
variable was the participant group (i.e., talent-identified athletes; general population). Point
estimates for mean difference in populations, along with 95% confidence intervals, were
calculated. Results were considered statistically significant for p < 0.05. Effect sizes were
calculated by Cohen’s d [30] and the magnitude was described by Sawilowsky’s [31] rules
of thumb (very small, d = 0.01; small, d = 0.20; medium, d = 0.50; large, d = 0.80; very large,
d =1.20; huge, d = 2.00).

3. Results

Tables 1 and 2 present the mean and standard deviation values of the physical fitness
tests for the talent-identified and general population relative to sex. In particular, female
talent-identified athletes were taller (p < 0.001; d = 0.60), jumped higher (CMJ; p < 0.001;
d = 0.88) and sprinted faster (5 m p < 0.001; d = —0.69; 10 m p < 0.001; d = —1.05; 20 m
p <0.001; d = —1.16) than their general population counterparts. There was no significant
difference in body mass between the female groups (p = 0.723; d = —0.06).

Table 1. Descriptive statistics with group difference for female talent-identified athletes and the
general population counterparts for the physical performance measures.

Talent-Identified Athletes General Population
(n = 53) (n =115)
Mean . - Mean . - Mean Lower Upper Effect
(SD) Maximum  Minimum (SD) Maximum  Minimum Difference  95% CI  95% CI p-value Size
Stand
Height 160.93 142.7 180.19 156.91 144.4 170.7 4.02 1.72 6.32 <0.001* Medium
(cm) (7.40) (5.89)
Body 51.27 51.84 Very
Mass (kg) 8.71) 32.35 74.99 (11.59) 31.50 105.70 —0.57 -3.76 2.62 0.723 Small
24.86 20.70 %
CMJ (cm) 4.02) 17.10 32.60 (4.96) 6.50 32.10 3.98 2.55 5.40 <0.001 Large
5m 1.26 1.32 . .
Sprint (s) (0.07) 1.12 1.44 0.11) 1.12 1.71 -0.07 -0.10 —0.04 <0.001 Medium
10 m 2.08 224 .

Sprint (s) (0.11) 1.90 2.35 (0.18) 1.95 292 —0.15 -0.20 —0.11 <0.001 Large
20m 3.61 3.94 .

Sprint (s) (0.19) 3.29 4.09 (0.36) 3.16 5.38 —0.34 —0.42 —0.25 <0.001 Large

* denotes a significant (p < 0.05) difference between groups, SD: standard deviation.

In relation to males, talent-identified athletes were found to jump higher (CM]J;
p < 0.001; d = 0.87) and sprint faster (10 m; p < 0.001; d = —0.62; 20 m; p < 0.001;
d = —0.78) than their general population counterparts. There were no significant sta-
tistical differences for stand height (p = 0.13; d = 0.21), 5 m sprint (p = 0.07; d = —0.25), and
body mass (p = 0.31; d = —0.13) between the groups.
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Table 2. Descriptive statistics with group difference for male talent-identified athletes and the general
population counterparts for the physical performance measures.

Talent-Identified Athletes General Population
(n =83) (n = 135)

1\(45?;;1 Maximum  Minimum I\é%i;l Maximum  Minimum Dilf\;[eerirrlme ;“;ngl ;,J:_)I;f érl p-value Esfifze;t

%%?g;t (%(6)36;) 145.4 190.44 1(808;% 136.6 191.6 —1.86 —0.68 5.03 0.134 Small

Mfsc;d(ig) (fgig) 32.19 81.84 (fgég) 26.10 121.20 2.18 —5.49 1.76 0.311 S\r/;e:;\}l]l

CM] (cm) (2692362) 16.10 43.30 (2547078) 8.70 37.10 5.24 3.57 6.92 <0.001 * Large

Spfift‘ © ((1):35) 103 148 (é:%g) 102 171 ~0.02 ~005 000 0069  Small
Splr(i)nrtn(s) (gf%},) 171 237 (3:};) 176 2.92 ~0.10 ~014 005 <0.001* Medium
SPZI‘?HT(S) (8;2) 2.94 4.08 (g;g) 3.08 5.20 —0.24 —-0.32 —0.16 <0.001* Medium

* denotes a significant (p < 0.05) difference between groups, SD: standard deviation.

4. Discussion

The aim of this study was to present sex-specific anthropometry and physical per-
formance normative data for 13 year olds and to determine the difference between talent-
identified and general population youth in anthropometry, speed, and power. Male and
female youth talent-identified athletes exhibited greater speed over 10 m and 20 m and
lower body power compared to age-matched general population youth. Female youth
talent-identified athletes were taller than the general population, and body mass was not
different between groups for both sexes. Therefore, speed and power are physical char-
acteristics which discriminate talent-identified athletes from the general population in a
heterogenous sample of youth. Anthropometric characteristics carry greater importance in
differentiating talented females than talented males at ~13 years of age.

Our data suggest that speed and power are discriminating factors between talent-
identified male and female youth athletes and the general population. There are limited
studies which compare the speed and power of trained and untrained youth male and
female populations. Estonian girls (10 to 17 years old) who participated in track and field
were found to have greater 30 m sprint speed and CM] jump height for all chronological
age groups than a recreationally active control group [32]. Russian girls trained in judo and
volleyball aged 12 to 14 years were faster and had a longer standing broad jump compared
with untrained youth [33], and male swimmers (~14 years old) had greater upper body
strength compared to age-matched controls [34]. The principle of training specificity can
explain the differences of previous studies, as youth competing in sports which require
speed [32], lower body power [32,33], and upper body strength [34] had greater perfor-
mance of these physical characteristics compared to untrained youth. However, the results
of the current study show that differences in speed and lower body power exist between the
general population and a heterogenous sample of youth talent-identified athletes. Further
work is required to determine whether improvements in speed and power are caused by
participation in sport alone and the extent that these potential adaptations may have on the
health of athletes and youth in general.

Previous research has shown that despite no resistance training, male 14-year-old
recreational and talent-identified soccer players have greater strength during high- and low-
velocity concentric contractions of lower limb muscles compared to untrained controls [35].
For youth aged ~13 years, predominantly neuromuscular adaptations increase speed and
power [36]. Specifically, greater motor unit activation, neuromuscular coordination and
neural drive is purported to increase strength and power in youth aged between 12 and
14 years [37]. This is because increases in muscle size and mass and strength gains asso-
ciated with these morphological changes typically occur after the period of peak growth
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(peak height velocity) in youth [37,38]. Resistance training is a modality which increases
strength, speed, and lower body power in youth athletes [39,40]. The talent-identified
population within this study participated in resistance training based program within the
sports academy; therefore, training adaptation to this stimulus may explain the differences
in speed and lower body power. However, testing occurred in Term 1 of the school cal-
endar, with participants also having had limited structured resistance training during the
12 months prior to testing due to COVID-19 lockdown restrictions, and had limited struc-
tured resistance training for the 6 weeks prior to testing. Since resistance training history
was not collected within each cohort, there is no way of knowing the extent that residual
strength, speed, and power gains from previous training explained the differences in speed
and power in the cohorts of talent-identified and general population youth studied. A
previous study of ~16-year-old male youth athletes have suggested that resistance training
age predicts lower body power but sport training age predicts strength and athletic qualities
like change of direction ability [41]. Further research is required to determine the extent to
which sport exposure and/or resistance training exposure affects speed and power, given
that these physical characteristics discriminate between talent-identified youth and the
general population.

The magnitude of difference between the anthropometric and physical characteristics
of talent-identified and untrained male and female 13-year-olds was sex-specific. Talent-
identified females were taller than their sex-matched general population counterparts,
whilst height was not different between male cohorts. Furthermore, there were consistent
differences and effect sizes between male and female cohorts for the CM], whilst the
difference in sprinting was greater in magnitude between trained and untrained females
compared to males. This is the first study, to the authors” knowledge, to observe the
differences in anthropometric and physical characteristics between trained and untrained
male and female youth. Taller talent-identified females compared to the general population
may be due to the talent identification practices in certain sports. For example, there is
a general understanding that height is a consideration when identifying and selecting
athletes for sports such as netball [42], basketball [43], and volleyball [44]. Therefore, as
there were a large number of female athletes from these sports, the identified difference
may be due to an over-representation of taller female athletes selected for these sports,
rather than a consistency across the female youth athlete population.

In contrast, while male talent-identified athletes also participate in sports (e.g., bas-
ketball, volleyball, Australian Rules Football) where height is an advantage, there was no
difference in height between talent-identified and general population young males. Whilst
the heterogeneity of the sports within the sports academy improves the generalisability
of the results to the wider cohort of “talent-identified youth” and reduces the likelihood
of biased athletic profiling, the physical performance and anthropometric variables in
the athlete cohorts may be influenced by the distribution of athletes between different
sports. Furthermore, females experience peak height velocity (PHV) at an earlier age than
males [36], and talent-identified females may experience this at an even younger age; there-
fore, they may be within or even past this period by the age of 13, which may also explain
the greater difference in height. This would also explain the greater magnitude of speed
differential between general population and talent-identified females compared to similar
cohorts of males, who would most likely be pre-PHYV, and the greater speed and power of
talented youth compared to the general population. A major limitation of the study design
is that maturation status was not assessed in either population; therefore, it is unknown
whether biological maturity affected speed and power measures. Future studies comparing
talent-identified and/or trained youth should collect and report biological maturation
using common field-based measures [45] to help elucidate whether maturation or training
status is the predominant predictor of speed and power in 13-year-olds, as well as other
cohorts of age-matched talent-identified and untrained youth [46].

The results also highlighted a similar increase in CM] performance between groups
in the male and female populations; however, the reasoning for this large effect is more
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difficult to explain. Males and females have similar lower body power until they are
~13 years old, when the rate of increase in lower body power changes in a sex-dependent
manner [47]. Accordingly, males of matched-talent groups have greater CMJ scores com-
pared to females. The similarity in effect may be a statistical anomaly, as the cross-sectional
design of this study limits its generalisability. Using a longitudinal study design where male
and female general population and talent-identified youth are monitored for numerous
years may also overcome this limitation and help determine whether a global difference in
lower body power exists between trained and untrained youth, or whether these effects
change over time.

While a strength of the study is the collection of a large heterogeneous sample, in-
terpretation of the results should, however, be considered with respect to methodological
limitations. Specifically, as the current study is cross-sectional in nature, data were only
based on current performance. Future studies should consider using a more longitudinal
design to not only confirm current results, but also assess for potential anthropometrical
and physical performance changes over several time periods. Additionally, the study does
not consider the participants’ maturation status; therefore, the data only provide a gener-
alized view of the populations. Future studies should consider incorporating measures
of maturation, such as peak height velocity [48] and the impact of this on the individual
measures. Additionally, replication of this study in cohorts of youth of different ages,
in different training environments, and of different ethnicities, is warranted. More stud-
ies assessing the effect of resistance training on the speed and power of talent-identified
and general population youth would help determine the efficacy of resistance training
modalities in bridging the gap in physical fitness between untrained and trained young
people.

5. Conclusions

Overall, male and female talent-identified youth (~13 years old) athletes are faster and
have greater lower body power than age-matched general population youth. Female talent-
identified youth are taller, and there is no difference in body mass between talented and non-
talent-identified youth. The extent that training and competing in sport and/or biological
maturation modulate these population differences is unknown. Physical performance and
anthropometric normative data about talent-identified and general population male and
female youth are presented for strength and conditioning coaches, physiotherapists, and
other allied health professionals to use to guide their interpretation of the results of similar
assessments in similar cohorts. Future research should replicate this study design with
different age groups, or utilise a longitudinal design to develop a greater understanding of
the relationship between training, maturation, and physical performance of talent-identified
athletes and the general population.

6. Practical Applications

e Speed and power discriminate male and female talent-identified youth athletes
(~13 years old) from the general population.

e  Youth strength and conditioning coaches, allied health professionals, and physical
educators who facilitate the development of youth athletes now have physical perfor-
mance benchmarks which can be used to guide training prescription.

e  The development of speed and power prior to the age of 13 years may be beneficial to
improve athletic and sports performance for males and females.

Author Contributions: Conceptualisation, PL., T.C. (Todd Carlon), B.S., T.C. (Tennille Cuttiford) and
C.P; data collection, P.L., T.C. (Todd Carlon), B.S., T.C. (Tennille Cuttiford) and C.P,; data analysis and
visualisation, S.G. and P.L.; writing—original draft preparation, PL. and G.W.; writing—review and
editing, PL. and G.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Children 2023, 10, 212 8 of 10

Institutional Review Board Statement: This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Human Research Ethics Committee of Victoria University
(application number: HRE 21-064; date: 19 August 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented here are available on request from the correspond-
ing author. The data are not publicly available due to ethical and privacy matters.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chaput, ].P.; Willumsen, J.; Bull, E; Chou, R.; Ekelund, U,; Firth, J.; Jago, R.; Ortega, F.B.; Katzmarzyk, P.T. 2020 WHO guidelines
on physical activity and sedentary behaviour for children and adolescents aged 5-17 years: Summary of the evidence. Int. J.
Behav. Nutr. Phys. Act. 2020, 17, 141. [CrossRef]

Raghuveer, G.; Hartz, J.; Lubans, D.R.; Takken, T.; Wiltz, ].L.; Mietus-Snyder, M.; Perak, A.M.; Baker-Smith, C.; Pietris, N.;
Edwards, N.M. Cardiorespiratory Fitness in Youth: An Important Marker of Health: A Scientific Statement from the American
Heart Association. Circulation 2020, 142, e101-e118. [CrossRef]

Evaristo, S.; Moreira, C.; Lopes, L.; Oliveira, A.; Abreu, S.; Agostinis-Sobrinho, C.; Oliveira-Santos, ].; Pévoas, S.; Santos, R.; Mota,
J. Muscular fitness and cardiorespiratory fitness are associated with health-related quality of life: Results from labmed physical
activity study. J. Exerc. Sci. Fit. 2019, 17, 55-61. [CrossRef] [PubMed]

Boreham, C.A.G.; McKay, H.A. Physical activity in childhood and bone health. Br. J. Sports Med. 2011, 45, 877-879. [CrossRef]
[PubMed]

Gralla, M.H.; McDonald, S.M.; Breneman, C.; Beets, M.W.; Moore, ].B. Associations of Objectively Measured Vigorous Physical
Activity with Body Composition, Cardiorespiratory Fitness, and Cardiometabolic Health in Youth: A Review. Am. J. Lifestyle Med.
2019, 13, 61-97. [CrossRef]

Dale, L.P; Vanderloo, L.; Moore, S.; Faulkner, G. Physical activity and depression, anxiety, and self-esteem in children and youth:
An umbrella systematic review. Ment. Health Phys. Act. 2019, 16, 66-79. [CrossRef]

Donnelly, ].E.; Hillman, C.H.; Castelli, D.; Etnier, ].L.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A.N. Physical activity,
fitness, cognitive function, and academic achievement in children: A systematic review. Med. Sci. Sports Exerc. 2016, 48, 1197.
[CrossRef] [PubMed]

King, A.C.; Whitt-Glover, M.C.; Marquez, D.X.; Buman, M.; Napolitano, M. A ; Jakicic, J.; Fulton, J.E.; Tennant, B.L. Physical
Activity Promotion: Highlights from the 2018 Physical Activity Guidelines Advisory Committee Systematic Review. Med. Sci.
Sports Exerc. 2019, 51, 1340-1353. [CrossRef]

Hasselstrem, H.; Hansen, S.E.; Froberg, K.; Andersen, L.B. Physical fitness and physical activity during adolescence as predictors
of cardiovascular disease risk in young adulthood. Danish Youth and Sports Study. An eight-year follow-up study. Int. J. Sports
Med. 2002, 23, 27-31. [CrossRef]

Hermassi, S.; Van den Tillaar, R.; Bragazzi, N.L.; Schwesig, R. The associations between physical performance and anthropometric
characteristics in obese and non-obese schoolchild handball players. Front. Physiol. 2021, 11, 580991. [CrossRef]

Lesinski, M.; Schmelcher, A.; Herz, M.; Puta, C.; Gabriel, H.; Arampatzis, A.; Laube, G.; Biisch, D.; Granacher, U. Maturation-, age-,
and sex-specific anthropometric and physical fitness percentiles of German elite young athletes. PLoS ONE 2020, 15, e0237423.
[CrossRef]

Larkin, P; Sortino, B.; Carlon, T.; Saunders, T.; Pane, C. Gender- and Sport-specific Normative Anthropometric and Physical
Values in Talent-Identified High School Athletes. . Strength Cond. Res. 2022, 10, 1519. [CrossRef]

Gagné, F. Understanding the Complex Choreography of Talent Development Through DMGT-Based Analysis. Int. Handb. Gift.
Talent. 2000, 2, 67-79.

Giillich, A.; Cobley, S. On the efficacy of talent identification and talent development programmes. In Routledge Handbook of
Talent Identification and Talent Development in Sport; Baker, J., Cobley, S., Schorer, ]., Wattie, N., Eds.; Routledge: London, UK, 2017;
pp- 80-98.

Johansson, A.; Fahlén, J. Simply the best, better than all the rest? Validity issues in selections in elite sport. Int. ]. Sports Sci. Coach.
2017, 12, 470-480. [CrossRef]

Larkin, P.; Reeves, M.]. Junior-elite football: Time to re-position talent identification? Soccer Soc. 2018, 19, 1183-1192. [CrossRef]
Risberg, M.A.; Steffen, K.; Nilstad, A.; Myklebust, G.; Kristianslund, E.; Moltubakk, M.M.; Krosshaug, T. Normative Quadriceps
and Hamstring Muscle Strength Values for Female, Healthy, Elite Handball and Football Players. J. Strength Cond. Res. 2018,
32,2314-2323. [CrossRef]

Smpokos, E.; Mourikis, C.; Tsikakis, A.; Katsikostas, N.; Linardakis, M. Reference performance values of pre-seasonal physical
fitness in elite youth male football players in Greece. ]. Public Health 2020, 30, 1307-1318. [CrossRef]

Reilly, T.; Bangsbo, J.; Franks, A.L. Anthropometric and physiological predispositions for elite soccer. J. Sports Sci. 2000,
18, 669-683. [CrossRef] [PubMed]


http://doi.org/10.1186/s12966-020-01037-z
http://doi.org/10.1161/CIR.0000000000000866
http://doi.org/10.1016/j.jesf.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/30740134
http://doi.org/10.1136/bjsports-2011-090188
http://www.ncbi.nlm.nih.gov/pubmed/21807670
http://doi.org/10.1177/1559827615624417
http://doi.org/10.1016/j.mhpa.2018.12.001
http://doi.org/10.1249/MSS.0000000000000901
http://www.ncbi.nlm.nih.gov/pubmed/27182986
http://doi.org/10.1249/MSS.0000000000001945
http://doi.org/10.1055/s-2002-28458
http://doi.org/10.3389/fphys.2020.580991
http://doi.org/10.1371/journal.pone.0237423
http://doi.org/10.1519/JSC.0000000000004312
http://doi.org/10.1177/1747954117718020
http://doi.org/10.1080/14660970.2018.1432389
http://doi.org/10.1519/JSC.0000000000002579
http://doi.org/10.1007/s10389-020-01408-7
http://doi.org/10.1080/02640410050120050
http://www.ncbi.nlm.nih.gov/pubmed/11043893

Children 2023, 10, 212 90f 10

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Woods, C.T.; Cripps, A.; Hopper, L.; Joyce, C. A comparison of the physical and anthropometric qualities explanatory of talent in
the elite junior Australian football development pathway. J. Sci. Med. Sport 2017, 20, 684-688. [CrossRef] [PubMed]

Dobbin, N.; Highton, J.; Moss, S.L.; Twist, C. The discriminant validity of a standardized testing battery and its ability to
differentiate anthropometric and physical characteristics between youth, academy, and senior professional rugby league players.
Int. ]. Sports Physiol. Perform. 2019, 14, 1110-1116. [CrossRef]

Hayecraft, J.A.; Kovalchik, S.; Pyne, D.B.; Robertson, S. Relationships between Physical Testing and Match Activity Profiles Across
the Australian Football League Participation Pathway. Int. J. Sports Physiol. Perform. 2019, 14, 771-778. [CrossRef] [PubMed]
Robertson, S.; Woods, C.; Gastin, P. Predicting higher selection in elite junior Australian Rules football: The influence of physical
performance and anthropometric attributes. J. Sci. Med. Sport 2015, 18, 601-606. [CrossRef]

Jennings, J.; Wundersitz, D.W.; Sullivan, C.J.; Cousins, S.D.; Tehan, G.; Kingsley, M.I. Physical testing characteristics better
explain draft outcome than in-game movement profile in junior elite Australian rules football players. J. Sci. Med. Sport 2021,
24,1284-1289. [CrossRef] [PubMed]

Paul, D.J.; Nassis, G.P. Physical fitness testing in youth soccer: Issues and considerations regarding reliability, validity, and
sensitivity. Pediatr. Exerc. Sci. 2015, 27, 301-313. [CrossRef] [PubMed]

Woolford, S.M.; Polglaze, T.; Rowsell, G.; Spencer, M. Field testing principles and protocols. In Physiological Tests for Elite Athletes,
2nd ed.; Tanner, R.K., Gore, C.J., Eds.; Human Kinetics: Champaign, IL, USA, 2013; pp. 231-248.

Marfell-Jones, M.; Olds, T.; Stewart, A.; Carter, J.E.L. International Standards for Anthropometric Assessment; International Society for
the Advancement of Kinathropometry: Adelaide, Australia, 2006.

Pyne, D.B.; Gardner, A.S.; Sheehan, K.; Hopkins, W.G. Fitness testing and career progression in AFL football. J. Sci. Med. Sport
2005, 8, 321-332. [CrossRef] [PubMed]

Heishman, A.D.; Daub, B.D.; Miller, R.M.; Freitas, E.D.; Frantz, B.A.; Bemben, M.G. Countermovement jump reliability performed
with and without an arm swing in NCAA division 1 intercollegiate basketball players. J. Strength Cond. Res. 2020, 34, 546-558.
[CrossRef] [PubMed]

Cohen, ]. A power primer. Psychol. Bull. 2016, 112, 155-159. [CrossRef]

Sawilowsky, S. New effect size rule of thumb. J. Mod. Appl. Stat. Methods 2009, 8, 467-474. [CrossRef]

Loko, J.; Aule, R.; Sikkut, T.; Ereline, J.; Viru, A. Age differences in growth and physical abilities in trained and untrained girls
10-17 years of age. Am. J. Hum. Biol. 2003, 15, 72-77. [CrossRef]

Iadreev, V.; Cherkashin, I.; Vujkov, S.; Drid, P. Differences in anthropometric, motoric and cognitive abilities between athletically
trained and untrained girls. Biomed. Hum. Kinet. 2015, 7, 73-77. [CrossRef]

McNarry, M.A.; Lester, L.; Brown, ]J.; Mackintosh, K.A. Investigating the Modulatory Role of Chronological and Biological Age on
Performance Predictors in Youth Swimmers. J. Sci. Sport Exerc. 2020, 2, 349-358. [CrossRef]

Iga, ].; George, K.; Lees, A.; Reilly, T. Cross-sectional investigation of indices of isokinetic leg strength in youth soccer players and
untrained individuals. Scand. . Med. Sci. Sports 2009, 19, 714-719. [CrossRef]

Lloyd, R.S.; Oliver, J.L. The youth physical development model: A new approach to long-term athletic development. Strength
Cond. J. 2012, 34, 61-72. [CrossRef]

Faigenbaum, A.D.; Lloyd, R.S.; Myer, G.D. Youth Resistance Training: Past Practices, New Perspectives, and Future Directions.
Pediatr. Exerc. Sci. 2013, 25, 591-604. [CrossRef]

Chaouachi, A.; Ben Othman, A.; Makhlouf, I.; Young, J].D.; Granacher, U.; Behm, D.G. Global Training Effects of Trained and
Untrained Muscles with Youth Can be Maintained During 4 Weeks of Detraining. . Strength Cond. Res. 2019, 33, 2788-2800.
[CrossRef] [PubMed]

Meylan, C.M.P; Cronin, J.B.; Oliver, J.L.; Hopkins, W.G.; Contreras, B. The effect of maturation on adaptations to strength training
and detraining in 11-15-year-olds. Scand. |. Med. Sci. Sports 2014, 24, e156—e164. [CrossRef] [PubMed]

Moran, J.; Sandercock, G.R.H.; Ramirez-Campillo, R.; Meylan, C.; Collison, J.; Parry, D.A. A meta-analysis of maturation-related
variation in adolescent boy athletes” adaptations to short-term resistance training. J. Sports Sci. 2017, 35, 1041-1051. [CrossRef]
Booth, M.; Cobley, S.; Halaki, M.; Orr, R. Is training age predictive of physiological performance changes in developmental rugby
league players? A prospective longitudinal study. Int. ]. Sports Sci. Coach. 2020, 15, 306-315. [CrossRef]

Simpson, M.].; Jenkins, D.G.; Leveritt, M.D.; Kelly, V.G. Physical profiles of elite, sub-elite, regional and age-group netballers. J.
Sports Sci. 2019, 37, 1212-1219. [CrossRef]

Joseph, J.; McIntyre, E; Joyce, C.; Scanlan, A.; Cripps, A. A comparison of multidimensional qualities discriminant of selection in
elite adolescent Australian basketball athletes. PLoS ONE 2021, 16, e0256032. [CrossRef]

Mostaert, M.; Pion, J.; Lenoir, M.; Vansteenkiste, P. A Retrospective Analysis of the National Youth Teams in Volleyball: Were
They Always Faster, Taller, and Stronger? J. Strength Cond. Res. 2022, 36, 2615-2621. [CrossRef] [PubMed]

Mirwald, R.L.; Baxter-Jones, A.D.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from anthropometric measurements.
Med. Sci. Sports Exerc. 2002, 34, 689-694.

Malina, R M.; Cumming, S.P.; Rogol, A.D.; Coelho-E-Silva, M.J.; Figueiredo, A.].; Konarski, ].M.; Koziet, S.M. Bio-Banding in
Youth Sports: Background, Concept, and Application. Sports Med. 2019, 49, 1671-1685. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jsams.2016.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27899276
http://doi.org/10.1123/ijspp.2018-0519
http://doi.org/10.1123/ijspp.2018-0488
http://www.ncbi.nlm.nih.gov/pubmed/30569780
http://doi.org/10.1016/j.jsams.2014.07.019
http://doi.org/10.1016/j.jsams.2021.07.005
http://www.ncbi.nlm.nih.gov/pubmed/34364809
http://doi.org/10.1123/pes.2014-0085
http://www.ncbi.nlm.nih.gov/pubmed/26331619
http://doi.org/10.1016/S1440-2440(05)80043-X
http://www.ncbi.nlm.nih.gov/pubmed/16248473
http://doi.org/10.1519/JSC.0000000000002812
http://www.ncbi.nlm.nih.gov/pubmed/30138237
http://doi.org/10.1037/0033-2909.112.1.155
http://doi.org/10.22237/jmasm/1257035100
http://doi.org/10.1002/ajhb.10114
http://doi.org/10.1515/bhk-2015-0012
http://doi.org/10.1007/s42978-020-00082-1
http://doi.org/10.1111/j.1600-0838.2008.00822.x
http://doi.org/10.1519/SSC.0b013e31825760ea
http://doi.org/10.1123/pes.25.4.591
http://doi.org/10.1519/JSC.0000000000002606
http://www.ncbi.nlm.nih.gov/pubmed/29794891
http://doi.org/10.1111/sms.12128
http://www.ncbi.nlm.nih.gov/pubmed/24118076
http://doi.org/10.1080/02640414.2016.1209306
http://doi.org/10.1177/1747954120919909
http://doi.org/10.1080/02640414.2018.1553269
http://doi.org/10.1371/journal.pone.0256032
http://doi.org/10.1519/JSC.0000000000003847
http://www.ncbi.nlm.nih.gov/pubmed/33044360
http://doi.org/10.1007/s40279-019-01166-x
http://www.ncbi.nlm.nih.gov/pubmed/31429034

Children 2023, 10, 212 10 of 10

47. Quatman, C.E.; Ford, K.R.; Myer, G.D.; Hewett, T.E. Maturation Leads to Gender Differences in Landing Force and Vertical Jump
Performance: A Longitudinal Study. Am. J. Sports Med. 2006, 34, 806-813. [CrossRef]

48. Mills, K.; Baker, D.; Pacey, V.; Wollin, M.; Drew, M.K. What is the most accurate and reliable methodological approach for
predicting peak height velocity in adolescents? A systematic review. J. Sci. Med. Sport 2017, 20, 572-577. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1177/0363546505281916
http://doi.org/10.1016/j.jsams.2016.10.012
http://www.ncbi.nlm.nih.gov/pubmed/27836627

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	Practical Applications 
	References

